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Chapter 1

General Introduction

The respiratory tract consists of the nasal cavity, the paranasal sinuses, the middle ear cavity, the
pharynx, the larynx and continues through the trachea into the bronchi, bronchioli and finally via the
ducti alveolares in the alveoli. A division between the lower and upper respiratory tract can be made
with the larynx interposed between the two parts (1). Infections of the upper respiratory tract are
predominantly present in the nose and paranasal sinuses. In this thesis, upper respiratory tract infections
are defined as infections primarily localized in the nose and paranasal sinuses.

Infections of the upper respiratory tract are frequently present in man. In the United States of America,
sinusitis is the most common health complaint, afflicting approximately 31,2 million persons each year
(2). Chronic upper airway infections interfere with one’s quality of life and are predominantly
characterized by nasal obstruction, purulent nasal discharge, headache and anosmia. In The Netherlands,
during the period from 1989 untill 1990 (2 years-period), 6.4% (mean), approximately 960.000 persons,
of the dutch population had complaints due to chronic infections of the upper airways (3). For
comparison, the prevalence of other chronic diseases in the dutch population in the same period were
(diagnosis code according to the vademecum of health statistics of The Netherlands 1992): asthma,
chronic bronchitis or chronic aspecific respiratory disease, 5.7%; hypertension, 7.3%; diabetes mellitus,
2.0%; chronic spinal affections, 7.8%; migraine, 4,9%.

The influence of upper airway infections (acute and chronic) on the dutch society is enormous. In 1989,
these infections resulted for the dutch population in 192.933 spells of sickness and 2.1 X 10° days of
absence (3).

Paranasal disease is involved in the pathogenesis of lower airway disease. The association with bronchial
asthma is well known (4,5). Several factors (bacterial seeding, diminished air-conditioning,
hypersensitivity for bacterial products, B-adrenergic blockade, parasympathetic retlex) may have a role in
this association. Improvement of lungfunction after endoscopic sinus surgery for chronic sinusitis (6) and
nasal polyps (4,7) has been reported.

Many research has been done on the pathogenesis of allergic and non-allergic rhinosinusitis (8-10) and
nasal polyps (11). Several factors, such as modifications of nasal secretions, deficiency of mucociliary
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clearance, immunodeficiencies and anatomic abnormalities may contribute to the pathogenesis. Recently,
attention has also been focussed on cellular immunity in patients with chronic rhinosinusitis (12,13).

Since the reports of Stammberger (14) and Messerklinger (15) about the role of the ethmoid in the
pathogenesis of chronic sinus disease, endoscopic sinus surgery received an important place in the
treatment of chronic sinus disease. Present therapy includes endoscopic sinus surgery with the removal of
the inflamed mucosa and establishing adequate drainage via opening of physiologic ostia (16,17),
frequently followed by topical corticosteroids.

I. Anatomy of the nose and paranasal sinuses
The nose

The internal nose consists of the nasal vestibule and the nasal cavities and is divided from front to back
by the nasal septum (figure 1). The septum has a cartilagineous and an osseous part. The total length of
the internal nose is 10-12 cm (from the tip to the pharyngeal wall) and is linked via the choanal openings
with the nasopharynx. On each side there are three turbinates (superior, middle and inferior) which
project from the lateral wall into the nose and narrow the nasal cavity.

Figure 1: Sagital section of the lateral wall of the
nose. CS: concha superior: CM: concha media;
CI: concha inferior; NV: nasal vestibulum
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Most openings of the paranasal sinuses are under the superior and, especially under the middle turbinate.
The internal ostium (or nasal valve), which is the narrowest part of the internal nose, separates the nasal
vestibule from the nasal cavity. The olfactory epithelium, a specialized neural tissue which contains the
olfactory receptors, occupies approximately 1 cm® of the top and both sides of each nasal cavity between
the septum and the lateral nasal wall.

The paranasal sinuses

The paranasal sinuses are air-filled spaces in the skull that surround the nasal cavity. Usually four
sinuses on each side of the head are present, which also lie immediately adjacent to the orbit and to the
dura of the anterior cranial fossa. The sinuses are developed during fetal life and early childhood and
their expansion continues during early adulthood. The maxillary sinus, the largest of the paranasal
sinuses, is located in the body of the maxilla. The anterior wall is related to the face, the sinus is
separated from the pterygopalatine fossae by its posterior wall. The floor is the alveolar process of the
maxilla, the roof is the floor of the orbit. The medial wall is the lateral wall of the nasal cavity and is
mainly formed by the maxilla and additional by the lacrimal bone, the ethmoid bone, the inferior concha
and the perpendicular plate. The maxillary sinus drains by one or more openings into the middle meatus
of the nasal cavity via the hiatus semilunaris. The ethmoidal sinus. which consists of numerous small
cavities (the socalled ethmoidal cells), is located between the eyes and the nasal chamber. A thin bony
plate, the lamina papyracea, separates the sinus from the eyes. An anterior and a posterior part can be
distinguished in this labyrinth of cells, separated by the basilar plate of the medial concha. The anterior
ethmoidal cells drain into the middle meatus, the posterior cells drain into the superior meatus.

The frontal sinuses are situated in the forehead region and may be absent on one or both sides (18,19).
The sinus is mainly developed after birth and growth is slow, so that radiological presence of the sinus
can be seen at the age of 6 years (20). The frontal sinuses vary greatly and are frequently of different
size. The septum, which separates the two sides, is not always located in the midline. Sometimes, there
are more septa. The frontal sinus is connected with the middle meatus by the frontonasal duct, which
may or may not be continuous with the ethmoidal infundibulum (21). The sphenoid sinus is located
under the sella turcica. The two sides are separated by a septum which is often situated besides the
midline (22). The entrance of the sphenoid sinus to the nasal cavity is frequently formed by the spheno-
ethmoidal recess, a splitlike opening between the posterior ethmoid cells and the sphenoid cells.

The ostiomeatal complex (anterior ethmoid-middle meatal complex) is the area which provides the
drainage of the frontal, anterior ethmoidal and maxillary sinuses (23). This area is located lateral to the
anterior half of the middle turbinate and consists of the uncinate process, the hiatus semilunaris, the
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anterior half of the middle turbinate and consists of the uncinate process, the hiatus semilunaris, the
ethmoid bulla, the rest of the anterior ethmoid cells, the maxillary infundibulum and the frontal recess.
Anatomical variations or pathologic lesions that block or narrow this region, are thought to play an
important role in the pathogenesis of paranasal disease (17). The anatomy is illustrated in figure 2.

Figure 2: Coronal section of the nose and paranasal
sinuses at the level of the anterior ethmoid cells.

1: inferior meatus; 2: middle meatus; 3: maxillary sinus;
4: ethmoid sinus; 5: orbit; 6: frontal sinus.

II. Histology of the (para)nasal mucosa

The mucosa present in the nasal and paranasal cavities consists of epithelium usually covered with a
mucuslayer, the basement membrane which separates the epithelium from the lamina propria and the
laminia propria itself. Stratified squamous epithelium is present in the vestibulum of the nose and the
first millimeters of the nasal cavity. The rest of the nasal cavity and the paranasal sinuses are mainly
covered with ciliated columnar epithelium and/or partially stratified cuboidal epithelium (24). Ciliated
cells are found in patches on the respiratory epithelium which consists also of non-ciliated cells with
microvilli, basal cells and goblet cells (figure 3) (25). Furthermore, migratory cells as antigen presenting
cells (Langerhans cells, dendritic cells), lymphocytes, eosinophils, neutrophils and mast cells can be
found in the respiratory epithelium.
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these exposures, turnover of the cells occurs and
respiratory epithelial cells are presumed to be
renewed in about 3 to 8 weeks (26). The lamina
propria is situated between the basement
membrane and the underlying, supportive tissue.
Two layers can be distuingished, a superficial and
a deeper layer. The superficial layer is cell-rich,
collagen poor and contains most of the mucus
glands. The deeper layer which lies on the
supporting skeleton contains only a few cells
(fibroblasts) and is collagen rich. Several
inflammatory cell types can be found in the
lamina propria: lymphocytes, plasma cells,
eosinophils, mast cells, neutrophils, and antigen- Figure 3: Respiratory epithelium. 1: goblet cell;

presenting cells (Langerhans cells, dendritic 2: basal cell; 3: ciliated cell; 4: non-ciliated cell;
1l 5: intra-epithelial lymphocyte; 6: antigen-presenting
cells). cell with dendritic processes; 7:basement membrane.

III. Functional aspects of the nose and paranasal sinuses

The nose is responsible for filtering, humidifying and heating the inhaled air, in order to protect the
more vulnerable lower respiratory tract. In addition, the nose also provides the sense of smell. Recently,
it has been suggested that sensory information from receptors in the nasal passage is involved in
controlling the shift of breathing route (oral vs nasal breathing) (27).

The functional role of the paranasal sinuses has long been in dispute and several theories have been
proposed (28). Functions ascribed to the sinuses are vocal resonance, humidification, heat exchange,
lightening the skull, protection of the brain and craniofacial development. However, these theories are

based on traditional evolutionary ideas of ape/man transition and none of them is completely convincing
(28).
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IV. Defense mechanisms of the upper respiratory tract

In man, the mechanisms underlying resistance to infection are complicated and effective. Therefore, most
infections are of limited duration and leave little damage because of the individual’s immune response.
Before the immune system is activated, mechanical barriers form the first line of defense in the airways.
The respiratory mucosa, consisting of ciliated and non-ciliated cells, with the overlying mucus is an
highly effective barrier against infection. Ciliated cells are found in patches in the respiratory epithelium
from the nose to just above the level of the alveolar sacs (25). The ciliated cells in each patch beat at 15
to 20 cycles per second in a coordinated fashion (29). The motion occurs in a rapid forward phase
followed by a recovery stroke in which the cilia bent slowly to the starting position.

The respiratory mucus is composed of a network of high molecular weight glycoproteins and one of its
main functions is to constitute a barrier protecting the epithelial cells against invasion and injury by
microorganisms and toxic agents (30). The superficial part of the mucus layer (the ‘gel’) is viscous and
is transported by the ciliary action. The deeper, or periciliary, part (the ‘sol’) is not transported. When
the “sol’ layer is too thick (e.g. during viral infection), the cilia do not reach the ‘gel’ layer and efficient
transport will not be achieved. Furthermore, the respiratory mucus contains several proteins, such as
immunoglobulins, especially sIgA (31), lactoferrin and lysozyme (32) which possess bacteriostatic and
bactericidal properties. Microorganisms which enter the upper airways are predominantly eliminated by
the mucociliary transport, which is the fundamental function of the mucociliary system (33). For
adequate transport, well functioning cilia and a proper mucus layer are neccessary. Clearance is achieved
by the sequential coordinated action of cilia resulting in movement of mucus, containing adherent
materials, towards the pharynx. Movement is directed posteriorly from the nasal airway and upward
trom the lung (34).

Failure of this mucociliary clearance often results in chronic infection which is seen for example in
primary ciliary dyskinesia (35) a disorder with abnormal ciliary ultrastructure and abnormal ciliary
activity (36) and cystic fibrosis, a multiorgan disorder resulting in abnormal thickening of exocrine
secretions including the mucus of the respiratory tract (37-40).

If there are any defects in these mechanical barriers, the respiratory mucosa can be injured by
microorganisms and subsequently an inflammatory reaction will follow. During this inflammatory
reaction, inflammatory cells enter the tissues via the postcapillary venules and a non-specific or innate
immune response and a specitic or adaptive immune response can occur (table 1). Both responses work
together in close harmony. The non-specific immune response will be effective first but is not improved
by repeated contact with any particular pathogen. In contrast, the specific immune system can
specifically recognize a pathogen after a single infection and the specific immune response will be
enhanced after reinfection with the same pathogen.
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humoral cellular

mechanical barriers mucus ciliated respiratory
epithelium
non-specific immunity lactoferrin phagocytic cells
lysozyme - neutrophils
complement - monocytes
- macrophages
eosinophils
specific immunity immunoglobulins antigen presenting cells

T and B lymphocytes

Table I: Defense mechanisms of the respiratory tract.

Inflammatory reaction and the non-specific immune response

Defects in the epithelial lining of the respiratory tract can be caused by physical or chemical agents and
by microorganisms as bacteria, viruses, fungi or protozoa. The majority of acute infections of the upper
airways is viral in origin (41). Viral respiratory pathogens may significantly alter local and/or systemic
physical and immune defence mechanisms, paving the way for secondary bacterial invasion (42).
Commensal bacteria, such as streptococci, staphylococci, and Haemophilus influenzae in particular are
considered to act as pathogens (43,44).

The inflammatory reaction is a local response to tissue injury caused by a variety of noxious stimuli. The
principal function of the inflammatory reaction is elimination of the noxious stimuli, thus limiting the
spread of the local lesion and restoration of the tissue integrity. During the inflammatory reaction
vasoactive and chemotactic factors are produced leading to hyperaemia, increased vascular permeability
and infiltration of inflammatory cells. After 24 hours granulocytes enter the site of inflammation
followed later by macrophages and lymphocytes. When the infecting microorganisms are quickly
neutralized, the inflammatory response is called acute. The characteristic infiltrating celltype is the
neutrophilic granulocyte. When the cause of the inflammation is not neutralized, then the inflammatory
response is called chronic and the main infiltrating cell types are lymphocytes, macrophages, plasma
cells, eosinophils and mast cells.
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Phagocytic cells, including neutrophils and monocytes/macrophages, contain hydrolytic and proteolytic
enzymes and generate reactive oxygen species, all designed to eliminate and digest invading organisms
and cell debris, thus limiting tissue damage. However, the release of lysosomal enzymes and reactive
oxidants may also contribute to cell injury and tissue damage (45). Neutrophils also have the potential to
release products as prostaglandins, thromboxanes, leukotriene B, and platelet activating factor which may
contribute to the result of the inflammatory response. Airway macrophages, like other tissue
macrophages, arise from circulating monocytes which mature into macrophages during their presence
within the airway system (46-48). Macrophages become activated by locally produced cytokines (a.o.
IFN-7). In contrast to non-activated macrophages, activated macrophages have much stronger cytotoxic
activity against microorganisms by the secretion of oxygen radicals, nitrogen oxides and proteinases.
Furthermore, macrophages have the capability to synthesize and release inflammatory products as
thromboxane A,, platelet activating factor (PAF), leukotriene B,, interleukins (IL-1, IL-6), tumor
necrosis factor (TNF-a), and granulocyte monocyte colony stimulating factor (GM-CSF) for regulating
the inflammatory response (49-53).

Eosinophilic granulocytes have cytoplasmic granules and are attracted to the site of inflammation by
mediators released by mast cells, eosinophils, macrophages and T lymphocytes (54-56). Activation of
eosinophils will result in the production and release of inflammatory products like platelet activating
factor, leukotriene C,, and oxygen radicals (57). Eosinophils are thought to play a role in allergic disease
(58,59) and in the development of nasal polyps (60-62).

Specific immune response

In general, four types of hypersensitivity reactions can occur by exposure to antigen (63). These
reactions can be divided into Aumoral and cellular reactions., Humoral immunity includes the production
of antibodies by B cells, reactive against a given antigen. The type of reactions (type I-III) which
depends on interactions of antigen with antibody are usually called immediate or intermediate reactions.
Type I, immediate hypersensitivity, is mediated by IgE and plays a role in the pathogenesis of allergic
rhinopathy and atopic asthma. Type II hypersensitivity refers to cytotoxic antibodies (autoantibodies)
produced by the host to his own tissues (e.g. Goodpasture’s syndrome, haemolytic anaemias). In type 11l
hypersensitivity reactions, immune complexes are involved which cause tissue damage (Arthus reaction).
This kind of reaction is involved in some types of glomerulonefritis and vasculitis.

Cellular immunity, or type IV hypersensitivity, is a T cell dependent immune reaction. Two types of
reactions mediated by different T cell subsets are involved in type IV hypersensitivity: 1. delayed type
hypersensitivity (DTH) initiated by CD4" T cells and 2. cellular cytotoxicity mediated by CD8" T cells.
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Type IV reactions are initiated by the exposure of sensitized T cells to specific antigens complexed to
MHC molecules. In DTH, MHC class I1 molecules are involved, in cellular cytotoxicity MHC class [
molecules. In DTH CD4" T cells secrete cytokines, leading to the recruitment of other cells especially
macrophages which are the major effector cells. In cell mediated cytotoxicity, cytotoxic CD8" T cells
exert the effector function.

In specific mucosal immunity, secretory IgA (sIgA) plays an important role in protecting mucosal
surfaces against viruses and bacteria by blocking specific antibody sites on microbial cell walls, thus
preventing adherence to the epithelium. sIgA is a dimer linked by a J-chain produced by mucosal B cells
and provided with a secretory piece which is secreted by epithelial cells. In chronic inflammatory
reactions of the upper upper airway mucosa, cellular immune reactivity is of importance. This reactivity
comprises cellular cytotoxicity and DTH reactions. The cells involved in cellular immunity will be
further discussed with special attention to the dendritic cell as antigen presenting cell.

Cellular aspects of delayed type hypersensitivity

1. Dendritic cells

In the initiation of T cell dependent immune responses, dendritic cells (DC) play an important role. They
are antigen presenting cells par excellence and stimulate T lymphocytes (64-67). To the dendritic cell
series belong: Langerhans cell (LC) of the skin, the veiled cell in afferent lymph, the interdigitating cell
of the T cell areas of lymphoid organs and the thymic medulla, the lymphoid DC from lymphoid organs
and the DC isolated from the peripheral blood. DC exhibit distinct characteristics like a typical dendritic
morphology and the presence of acid phosphatase in a juxtanuclear spot in the cytoplasm (68).
Furthermore, DC express several molecules on their surface which are important for efficient antigen
presentation, i.e. adhesion receptors and MHC class I and class IT molecules. Analysis of the expression
of adhesion receptors on the cell surface of blood DC revealed that these cells express lymphocyte
function antigen (LFA)-1 (CD11,/CD18), ICAM-1 (CD34), LFA-3 (CD58) and CD44 (69). These cell
adhesion receptors play a critical role in the initial, antigen-independent, phase of T cell adhesion to DC
(67,70). The interactions are predominantly mediated through binding of the integrin LFA-1 with the Ig
superfamily member ICAM-1 (69,71). Additional binding via the LFA3/CD2 pathway has been
described for the tonsillar system (71).

If antigen-independent cell binding is strong enough, antigen-dependent adhesion will occur via the
interaction of MHC molecules and antigenic peptides and the T cell recptor (TcR). DC abundantly
express MHC class I and class II molecules. These molecules form with processed antigenic peptides a
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complex on the surface of the DC which is recognized by the TcR on T cells, either CD8 on the
cytotoxic T cell (MHC class T mediated response) leading to cellular cytotoxicity or CD4 on the T-
helper-cell (MHC class II mediated response) leading to DTH-reaction. Subsequently, T cell activation
will follow.

In contrast to macrophages, which are also efficient antigen presenting cells (72,73), DC do not produce
interleukin-1 (IL-1) (74,75), although membrane associated IL-1-like activity involved in the activation of
T cells has been mentioned (76). Furthermore, DC have slight phagocytic capacity,

2. T lymphocytes

T lymphocytes are found in the normal (para)nasal mucosa (77). In chronic sinusitis, infiltration of
lymphocytes in the mucosa is one of the most characteristics findings (78). Functionally, T lymphocytes
play an important role in the regulation of the immune response. They can be divided into two major
functional subgroups on the basis of expression of the phenotype markers CD4 (helper/inducer) or CD8
(suppressor/cytotoxic). CD8" cells are primarily concerned with the recognition and killing of virus-
infected cells (79-81). They recognize antigen in combination with MHC class [ molecules on the
infected cells.

CD4" cells have different functions in controlling the immune response and they are able to recognize
antigen in combination with MHC class II molecules on the surface of antigen presenting cells. After
recognition of the antigen/MHC complex they can release protein mediators called cytokines. These
cytokines can regulate the differentiation, recruitment, accumulation and activation of specific effector
cells (neutrophils. macrophages, eosinophils) at mucosal surfaces. If the T cell recognizes antigen/MHC
on a B cell, they can release cytokines which activate the B cells to divide and differentiate, In mice, a
functional dichotomy of activated CD4~ cells can be made with regard to their respective patterns of
cytokine synthesis (82). Thl cells secrete interleukin-2 (IL-2), interferon-7 (IFN-7) and tumour necrosis
factor-B (TNF-B), but not IL-4, 5 and 6. Th2 cells secrete IL-4, 5, 6 and 10 and TGF-8, but not IL-2,
[FN-7 and TNF-B. Other cytokines including IL-3 and granulocyte macrophage-colony stimulating factor
(GM-CSF) are secreted by both cell types. Thl cells mediate delayed type hypersensitivity (DTH)
reactions and suppress IgE synthesis (83) whereas Th2 cells mediate antibody response and allergic
inflammation by the secretion of IL-3,4 and 5 which favor IgE synthesis and activation of mast cells and
eosinophils (84-87). In man, this dichotomy is less distinct than in mice. In common with macrophages,
lymphocytes are sensitive to the inhibitory effects of glucocorticosteroids, which predominantly inhibit
the cytokine release (88).
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V. Immunosuppression

Patients who suffer from immunodeficiencies are characterized by: (1) recurrent infections of multiple
organ systems including the respiratory tract (89); (2) an abnormal high infection rate and abnormal long
duration of the infections; (3) infections caused by microorganisms which are considered to be low
pathogenic.

Suppression of the host immune function can be caused by a variety of mechanisms. These mechanisms
can be divided into (I) congenital (primary) immunodeficiencies and (II) acquired (secondary)
immunodeficiencies.
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Figure 4: Relationship between primary immunodeficiencies and lymphocyte development. Numbers
indicate cells or steps affected in various immunodeficiency states. 1: severe combined
immunodeficiency; 2: Bruton’s agammaglobulinaemia; 3: isolated [gA deficiency, affects only immature
IgA positive B cells; 4: one form of common variable immunodeficiency; 5: Digeorge’s syndrome; 6:
AIDS.
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1. Primary immunodeficiencies

Primary immunodeficiency syndromes can be divided into those affecting specific immunity (B cell
immunodeficiencies, T cell immunodeficiencies, combined immunodeficiencies) (see figure 4) and those
affecting the non-specific immune system (phagocyte defects, complement defects) (see also table 1).

1.1 Primary immunodeficiencies affecting lymphocyte development

B cell immunodeficiencies can vary from agammaglobulinaemie to selective Ig-deficiencies and therefore
show a wide variety of clinical manifestations. Some patients have recurrent bacterial airway infections,
sepsis or meningitis, whereas others have no increased frequency of infection rate. The most common
primary immunodeficiency syndrome is a selective IgA-deficiency with failure to secrete IgA (90).
Infections are mainly those of the upper respiratory tract.

T cell immunodeficiencies are in general more severe and patients are subject to viral and unusual
infections such as pneumocystic carinii pneumonia, Partial T cell immunodeficiencies have been
described (12).

Immunodeficiencies which interfere completely with T and B cell development result in a severe
combined immunodeficiency syndrome (SCID) without any useful antibody response. These patients have
the worst prognosis and treatment consists of HLA-matched bone marrow transplantation (91).

1.2. Primary immunodeficiencies affecting non-specific immunity

Phagocyte function defects can range from defective cellular adhesion properties (leucocyte adhesion
deficiency syndrome) to impaired chemotaxis (lazy leucocyte syndrome) and deficient intracellular killing
(Chediak-Higashi syndrome, chronic granulomatous disease). These syndromes are characterized by
recurrent or persistent infections with microorganisms such as Staphylococcus aureus, Haemophilus
influenzae, Streptococcus pneumoniae and opportunists such as aspergillus (89,92).

The complement pathway is a group of circulating proteins which are necessary for antigen recognition
and antibody formation. Congenital deficiencies of one of the complement proteins are rare and increased
susceptibility to infection results mainly from C3 deficiency. Furthermore, deficiencies can lead to
collagen-vascular disease such as Systemic Lupus Erythematosus (SLE).
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2. Secondary immunodeficiencies

Immunodeficiencies may be acquired, secondary to various disease processes or drug effects. Acquired
immunosuppression can be mediated by the generation of (1) antigen-specific suppressor T lymphocytes
or by (2) antigen non-specific mechanisms.

2.1. Antigen-specific immunosuppression

Suppression of the immune system can be mediated by the generation of antigen-specific suppressor T
cells. This has been well documented for experimental immunological models (93) as for clinical
melanoma (94,95). These cells were shown to be CD 8" T cells.

An additional antigen-specific suppressor pathway is the antigen specific stimulation of Th2 cells.
Stimulated Th2 cells produce lymphokines which can inhibit Thl cell function. Among these
lymphokines, TL-10 and transforming growth factor (TGF-8) may be important. TGF-B inhibits T cell
proliferation and differentiation, and cytotoxic T cell function (96). IL-10 has suppressive activity on the
synthesis of effector cytokines released from Thl cells (IFN-r, IL-2) and on various effector T cell
functions, including DTH (97). In this mechanism, the induction of suppression is antigen-specific but
the suppression itself is antigen-independent.

2.2. Non-specific immunosuppression

Protein deficiency, due to malnutrition, causes defects in cell-mediated immunity and is the commonest
cause of secondary immunodeficiencies worldwide. Similar defects can be seen in cachexic state of
disseminated cancer.

(retro)Viral infection can result in depression of immunological function. Examples are infections with
Epstein-Barr virus resulting in infectious mononucleosis, HIV-infections resulting in AIDS or AIDS-
related complex with the depletion of CD4* lymphocytes and infections with Herpes simplex type 1.
fatrogenic causes of immunodeficiencies include therapy with corticosteroids or other immunosuppressive
and cytotoxic drugs and radiotherapy. Corticosteroids, which are frequently used in the treatment of
chronic airway disease (98), have inhibitory activity on the production of IL-2 and IFN-7 by T-cells (99),
diminish the chemotaxis and adherence of eosinophils (100) and inhibit the proliferation of mast cells
(99)

Non-specific soluble factors. Several soluble factors are known to mediate suppression of the immune
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functions in an antigen non-specific way. Most of these factors are associated with tumor growth (101-
103). These factors include prostaglandin E2 (104), transforming growth factor-6 (105), gangliosides and
lipoprotein antigens (106) and retroviral products like pISE (107). Several immune functions can be
inhibited by these factors: TGF-B and gangliosides suppress IL-2 dependent proliferation; prostaglandin
E2 suppresses NK cell activity and leucocyte chemotaxis; p1SE suppresses monocyte chemotaxis. Since
retroviral pl15E-like proteins are related to the presence of defects in cell mediated immunity, also seen
in patients with chronic upper airway infections, this will be discussed in detail.

Immunosuppression by retroviral pl5E-like proteins

Retroviral infections are often accompanied by suppression of the immune system (108). This has been
well documented in human HIV-infection (109,110) as well as in leukemias caused by murine and feline
leukemia viruses (108,111-113). Immunosuppressive proteins produced by retroviruses play a role in this
immunosuppression (114,115). Mathes and coworkers found that the purified feline leukemia virus
(FeLV) hydrophobic transmembrane envelope protein pI1SE has antiproliferative activity on lymphocytes
(116,117). pISE is encoded by the env-gene of murine (MuLV) and feline (FeLV) leukemia viruses
(118).

It has now been demonstrated that plSE inhibits lymphocyte proliferation (112,116,119) macrophage
accumulation (120,121), IL-2 secretion (113,119,122) and monocyte chemotaxis (123).
Immunosuppressive proteins isolated tfrom human (123) and murine tumors (107), human malignant
pleural effusions (123), and serum from patients with head and neck cancer (124), chronic purulent
rhinosinusitis (13) and autoimmune disorders (125) have been shown to have antigenic similarities with
pI15E, and have inhibitory activity on IL-2 production, lymphocyte proliferation and chemotaxis of
mononuclear phagocytes. Furthermore, expression of pISE has been found on non-virus-induced tumor
cells (126-128) as well as on activated normal peripheral blood lymphocytes (126). These observations
suggest that pl15E-like proteins are not exclusively expressed in tumors but can also be found in other
tissue and might even, under certain circumstances, be expressed in normal tissues.

In mice, endogenous MuLV-pl5E genes have been demonstrated (129). Down-regulation of these genes
leads to up-regulation of immune-effector cell activity (129). Furthermore, the endogenous pl5SE
sequences are similar to those in infectious MuLV. Both in mouse and man tissue-specific and age-
dependent expression of retroviral transcripts have been noted (130,131). Since env-genes that share
homology with retroviral pl1SE have been found in human DNA (132,133) and the presence of mRNA
derived from these genes has been detected in most normal tissues and tumor cell lines (134) an
endogenous origin of the pl5E-like proteins is likely. Moreover, endogenous retroviral sequences reside
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in the genome of all vertebrate species thus far examined, including humans (135). The majority of these
sequences are structurally defective and are not correlated with a manifest retroviral infection. However,
activation of these sequences, subsequently followed by production of proteins as pI15SE, might initiate
cell dysfunction.

VI. Clinical tests for the assessment of the immune response

The immune response can be divided into three stages:

1. The recognition phase in which antigen is processed by antigen presenting cells and subsequently
presented to T cells. Most B cells will not respond directly upon recognition of their antigen and an
additional T cell signal is required.

2. The proliferation and production phase. After antigen- presentation T cells will undergo clonal
expansion, while B cells will expand and mature to antibody-secreting plasma cells.

3. The effector phase. Antigen-specific effector T cells and antibodies are involved in the process to
eliminate antigen. T cells regulate the B cell response, are cytotoxic, or secrete lymphokines (e.g. IL-2,
IFN-7, GM-CSF) which trigger inflammatory reactions by attracting phagocytes
(monocytes/macropgahes, neutrophils) and lymphocytes to the site of reaction.

In clinical practice, tests are available which evaluate cell function in each of the three stages of the
immune response.

The quantification of cell populations (lymphocytes, neutrophils, monocytes) can easily be calculated
from the total and differential white cell counts. Lymphocyte subpopulations express different cell
markers and monoclonal antibodies are used to identify these subsets. After incubation with specific
immunoglobulin (antibody), followed by fluorescein-conjugated second antibody to immunoglobulin,
cells can be counted with a fluorescein activated cell sorter (FACS) or fluorescent microscope.

ad 1. The recognition phase:

Dendritic cells initiate primary T cell responses. The induction of these responses occur in cell
aggregates or clusters. The capability of dendritic cells to form clusters can be measured in the cluster
assay. Furthermore, the capacity of antigen-presenting cells to induce T cell proliferation can be
measured in the mixed leukocyte reaction (MLR). In this test, allogeneic lymphoid cells can be used and
stimulation is MHC class 1T dependent. The numbers of formed clusters correlate with the capability of
dendritic cells to induce lymphocyte proliferation in the MLR.,
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ad 2. The proliferation and production phase:

The proliferative response of specific lymphocytes after exposure to their corresponding antigen or
mitogen can be measured by radioactive thymidine incorporation into DNA.

The lymphokine production of T cells after exposure to antigen can be assessed by using monoclonal
antibodies directed against these lymphokines. Furthermore, the production of the macrophage migration
inhibition factor (MIF) can be evaluated by the microdroplet agarose assay in which the inhibition of
movement of human U937 cells is measured.

ad 3. The effector phase:

The production of lymphokines by stimulated T cell attract phagocytes (chemotaxis). Chemotaxis is the
directional movement of cell towards a chemoattractant (e.g. fMLP). It can be measured by the
polarization assay (123). The polarization of monocytes towards chemoattractants is an early event that
precedes the chemotactic response. The polarization assay is a rapid method to measure chemotaxis and
outcomes of the assay correlate well with outcomes of the conventional Boyden chamber assay to
measure chemotaxis to casein (136),

Phagocytosis is the ingestion of antigenic particles. This ingestion can be measured by incubation of the
phagocytes with bacteria or latex beads. The intracellular enzyme activity can be measured by
intracellular bacterial killing.

An assessment of the three stages of the immune response together can be measured by the in vivo
delayed type hypersensitivity skin tests.

When an antigen is recognized after intradermal injection, swelling and redness of the skin will appear
after 48-72 hour, and then fades away after several days. This delayed type hypersensitivity reaction is a
T cell dependent phenomenon in which specific T cells produce lymphokines upon exposure to antigen
for which the individual is already sensitized. These tests are frequently used for screening of
tuberculosis (mantoux tests).

Delayed type hypersensitivity can also be measured by performing patch tests in which antigen is
absorbed through the skin, These tests are essential in determining which antigen is responsible for
contact dermatitis. Skin testing assumes that the patients have been previously sensitized to the antigen
(e.g. candidal antigen, streptococcal antigen).

In patients with chronic purulent rhinosinusitis, normal lymphocytes counts and subsets ratio’s have been

demostrated. Furthermore, the mitogen-induced, as well as the antigen-induced lymphocyte proliferation
was not defective in these patients when compared to the values found in healthy controls (13). For that
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reason, an analysis of lymphocytes-subsets and lymphocyte proliferation was not performed in this study.
Cell mediated immunity was evaluated by the dendritic cell cluster assay, the monocyte polarization and
DTH skin tests upon commensal antigens.

VII. Aim of the study

Several factors, such as anatomic abnormalities, defects in mucociliary clearance, modifications of nasal
secretions, defects in humoral and cellular immunity, may contribute to the pathogenesis of chronic
upper airway infections. In patients with chronic purulent rhinosinusitis, defects in cellular immunity,
i.e. diminished delayed type hypersensitivity skin reactions upon commensal antigens, defective
production of macrophage migration inhibition factor (MIF) and decreased monocyte chemotaxis (12,13)
have been shown.

This thesis focusses on the role of p15E-like proteins and their related defects in cell mediated immunity
in the pathogenesis of chronic upper airway infections.

The presence of retroviral pl5E-like serum proteins (13,137) is related to these defects in cellular
immunity, Furthermore, it has been demonstrated that p15E-like proteins can also be found in patients
with head and neck cancer (123,124) and that these proteins are expressed in several tumor cell lines and
activated lymphocytes (126). An endogenous origin of plSE-like proteins is suggested since sequences
have been found in human DNA that share homology with p15E (132,133). However, the role of p15E-
like proteins in the regulation of the immune response is still unclear. We, therefore, analyzed the
expression of p15E-like proteins in normal, malignant, and inflamed human tissues. The expression has
been correlated with the presence of p15E-like serum proteins in patients with head and neck cancer and
chronic upper airway infections (Chapter 2).

Defects of cellular immunity, present in chronic purulent rhinosinusitis, are related to retroviral pl5E-
like proteins. However, it is unknown if these defects and p1SE-like proteins are specific for chronic
purulent rhinosinusitis, or that they can also be found in other patients characterized by chronic upper
airway infections? Moreover, it is unknown whether the respiratory tract infections are primarely caused
by the, already present, immunosuppressive proteins or that these proteins are produced during these
infections? Therefore, we analyzed several parameters of the cellular immune response viz., delayed type
hypersensitivity skin test upon commensal bacterial antigen and the chemotactic responsiveness of
monocytes, in three different patient groups, all characterized by chronic recurrent upper airway
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infections of different aetiology and pathogenesis. The data concerning the parameters of cellular
immunity were related to the presence of immunosuppressive p15E-like proteins in patient’s serum
(Chapter 3).

In chronic upper airway infections, defects in the induction stage of the immune response are not
reported yet. Hence, we studied whether defects could also be found at the induction stage of the
immune response. Dendritic cells play an important role in the induction of the immune response and
they initiate T cell responses which occur in cell clusters of DC and T cells. The molecular basis of
blood DC-T cell clustering is described in Chapter 4, showing the LFA-1/ICAM-1 as the major
pathway. The analysis of the cluster capability of blood DC in patients with chronic upper airway
infections is described in Chapter 5. The results of the DC cluster capability were related to the presence
of retroviral p15E-like serum proteins in these patients.

Since it hag been shown that the expression of p15E-like proteins is predominantly limited to the mucosa
of the upper airways and is significantly higher in patients with chronic upper airway infections (chapter
2) it has been suggested that the inflamed (para)nasal mucosa is the production site of p15E-like proteins
in chronic upper airway infections. Thus, treatment of chronic upper airway infections (endoscopic
removal of the inflamed mucosa and postoperatively application of topical corticosteroids) should
decrease the presence and bioactivity of retroviral pl5E-like proteins in the serum of these patients and
subsequentially restores the cellular immune defects. In Chapter 6 we describe the improvement of the
dendritic cell cluster capability and monocyte chemotaxis after treatment (endoscopic sinus surgery
followed by postoperatively application of topical steroids) in patients with chronic upper airway
infections. This improvement is related to the decrease of inhibitory activity of p15E-like serum proteins.
The results support the concept that the inflamed (para)nasal mucosa is the production site of retroviral
pl5E-like proteins in chronic upper airway infections.



Chapter 2

Distribution of retroviral pl5E-related proteins in neoplastic and non-
neoplastic human tissues, and their role in the regulation of the immune
response

RA Scheeren', RAJ Oostendorp?, S van der Baan', RMJ Keehnen?, RJ Scheper® and CJLM Meijer®,

From the departments of Otorhinolaryngology/ Head and Neck Surgery' and Pathology®, Free University
Hospital, De Boelelaan 1117, 1081 HV Amsterdam, The Netherlands.

Clin Exp Immunol 1992,;89.:94-99

Summary

In patients with head and neck carcinomas and in patients with chronic purulent upper airway infections low
molecular weight, retroviral p15E-like, factors are found. These factors are responsible for partial defects
in the cellular immune response. We studied the distribution of these pl15E-related proteins in neoplastic,
inflamed and normal human tissues and related these findings with the presence of p15E-like factors in
patients’ sera. Demonstration of p15E-like proteins in sera of patients with upper airway infections and of
patients with head and neck carcinomas correlated exclusively with the presence of p15E in normal and
pathologic epithelium of the upper respiratory tract. plSE was not demonstrated in epithelia of other
localisations. Our results suggest that chronic stimulation or neoplastic transformation of the epithelia of the
upper respiratory tract stimulates the production of pI5E-like proteins leading to their reported
immunosuppressive actions.
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Introduction

Retroviral infection can result in suppression of the immune response. This has been well documented in
leukemias caused by murine and feline leukemia viruses (1-4). The retroviral transmembrane envelope protein
p15E plays an important role in this phenomenon (5). Immunosuppressive proteins isolated from human (6)
and murine tumors (5), human malignant pleural effusions (6) and serum from patients with head and neck
carcinomas (7) and patients with chronic purulent rhinosinusitis (8) have been shown to have antigenic
similarities with p15E, and exert an inhibitory effect on IL-2 production, lymphocyte proliferation and
chemotaxis of mononuclear phagocytes. The in vitro chemotactic responsiveness of monocytes has been shown
to be very sensitive to these pl15E-like proteins (6-8).

Since both in mouse and man tissue-specific and age-dependent expression of retroviral transcripts have been
noted (9,10) and sequences have been found in human DNA (11,12) that share homology with pISE, an
endogenous origin of p15E-like proteins is suggested. However, a detailed analysis of the distribution of
p1SE-like proteins in human tissues has never been reported. Furthermore, the role of these proteins in the
regulation of the normal immune response still remains unclear. We, therefore, studied the expression of
p15E-like proteins in normal, malignant and inflamed human tissues. In addition, we related this expression
to p15E-mediated immunosuppressive activity in serum.

Material and methods

Tissues

Neoplastic and non-neoplastic tissues were obtained from surgical procedures. Tissues also were derived from
autopsies performed within six hours after death. Tissues were snap frozen and stored in liquid nitrogen.
Sera

Sera were obtained from the following patients groups:

a. Healthy controls (n=25, 13 female, ages ranging from 22-40 years, mean 29 years) without known
diseases.

b. Patients with carcinoma of the cervix uteri (n=10, ages ranging from 32-75 years, mean 57 years; clinico-
pathological stage ranging from I*-1V#).
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¢. Patients with Morbus Crohn, based on clinico-pathological, radiological and endoscopical criteria as
previously described (13) (n=10, 7 females, 3 males, ages ranging from 22-46 years, mean 32 years). d.
Patients with Primary Ciliary Dyskinesia (PCD), based on abnormal ciliary motility (14) and abnormal ciliary
ultrastructure (15) (n=22, 8 females, 14 males, ages ranging from 2-58 years, mean 23 years).

e. Patients with Polyposis Nasi (PPN) i.e. recurrent upper airway infections and the presence of nasal polyps
at the moment of surgery or endoscopic examination (n=28, 16 females, 12 males, ages ranging from 18-66
years, mean 42 years).

f. Patients with Chronic Purulent Rhinosinusitis (CPR) i.e. recurrent upper airway infections not responding
to adequate antibiotic treatment or surgical procedures, and without the presence of nasal polyps at the time
of surgery or endoscopic examination (n=41, 27 females, 14 males, ages ranging from 7-71 years, mean
34 years).

No patient with CPR or PPN had abnormal ciliary motility or abnormal ciliary ultrastructure. Furthermore,
the leucocyte counts were within normal range and no defects in humoral immunity were present.

h. Patients with head and neck squamous cell carcinoma (H/N CA),(n=10, 3 females, 7 males, age ranging
from 55-81 years, mean 65 years; TNM classification ranging from T2NO-T3N3).

Monoclonal antibodies

The mAb used were: 4F51gG2a)(16) and 19F8(IgG2b)(17) both specific for p15E but recognizing different
epitopes (16); Control mAb were an IgG2a and IgG2b, secreted by the mouse myeloma P1.17 and
MPC11.0UA cell lines respectively, both obtained from the American Type Culture Collection (ATCC,
Rockville, Maryland).

Immunoperoxidase staining

Four micrometer thick sections of frozen tissue blocks were prepared with a cryostat (Jung-Reichert,
Nussloch, FRG), mounted on poly-L-lysine coated glass slides, air dried, and acetone-fixed during ten minutes
at room temperature. The sections were incubated for 60 min at room temperature with mAb, washed, and
incubated for 30 min at room temperature with horseradish peroxidase conjugated Rabbit-anti-mouse IgG
(Dakopatts, Denmark) in the presence of 5% normal human serum. Subsequently, the sections were weakly
counterstained with hematoxylin. '

Tissue reactivity was scored for the percentage of positive staining cells and the intensity of staining
(-=negative, + =very weak, +=weak, ++ =strong). In the negatively scored tissue samples, there was
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no reactivity present with the anti-p15E mAbs or there were no differences in reactivity between the anti-p 15E
mAbs and the respective control mAbs.

Monocyte isolation from healthy donors

From four different healthy donors monocytes were isolated from the peripheral blood. Buffy coats from
500 ml of human blood were obtained after informed consent from healthy donors. The monocytes were
purified by successive isopycnic centrifugation and elutriator centrifugation as previously described [18] with
minor modifications (19). These healthy monocytes were used to test the effects of patients’ serum fractions.

The determination in patient serum of low molecular weight factors inhibiting the polarization of healthy
donor monocytes

Sera were collected from patients by venapuncture and diluted 1:1 in saline. These dilutions were subjected
to ultrafiltration through Amicon CF25 Centriflo cones (Amicon Corp., Danvers, USA) for 15 minutes at
700 g (molecular weight "cut off point" 25 kD). The residues, the low molecular weight factors (LMWFE),
were dissolved in phosphate buffered saline (PBS) and stored at -70 °C until further use.

The capability of the serum fractions to inhibit fMLP-induced polarization of healthy donor monocytes
(elutriator purified) was determined by incubating the monocytes (1X10°/ml) for 15 minutes at 37°C, either
with fMLP alone or with fMLP in combination with a serum fraction (final dilution 1:60). The percentage
of inhibition was calculated as follows:

Py - Py
inhibition = ( 1 - ) X 100 %
P, - P,

Py= % spontaneously polarization
P,= % polarization after incubation with fMLP alone
P,= % polarization after incubation with fMLP and LMWF

Serum fractions were tested in triplicate. Addition of serum fractions to non-stimulated (fMLP) donor
monocytes did not affect the spontaneous polarization.
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Determination of the plSE-like character of
patient LMWEF’s

To validate the p15E-like character of the LMWF’s
in human serum ,adsorption experiments were
carried out by neutralizing the serum fractions
before testing in the monocyte polarization assay
with a p15E specific monoclonal antibody (19F8) in
a final dilution of 1:200 (25 wg/ml) at 4°C for 16h,
followed by Amicon ultrafiltration to remove
formed immunecomplexes: This adsorption
/neutralizing procedure was carried out twice (7).
Adsorption experiments carried out with the mAb
4F5 or with 4F5 and 19F8 together did not show
any difference in neutralizing the serum fractions as
with 19F8 alone. Control experiments were carried
out with the isotype matched control mAbs.
Statistical analysis was performed by the Student’s
t-test.

RESULTS

Reactivity of anti-pl 5SE mAb with normal human
tissues

In this study, immunohistochemical staining was
performed on frozen sections. Among the normal
human tissues tested, the respiratory epithelium cells
of nasal mucosa reacted with the anti-pI5E mAb.
Furthermore, staining was seen in the squamous
epithelium surrounding the tonsils at places where
histologically keratinisation could easily observed.
There was no difference of staining pattern between

Organ Positive/tested
nasal mucosa:  concha inferior 10/127

concha media 6/12!
lung 0/2
bronchus 0/2
muscle 0/2
skin 0/2
brain 0/2
kidney 0/2
liver 0/2
heart 0/2
stomach 0/2
bladder 0/2
gall bladder 0/2
lymph node 0/5
thymus /s
spleen 6
adenoid 0/2
tonsil 2/22
esophagus 02
vagina 01
larynx 0/4
colon 0/2
cervix 0/2
placenta 0/2
thyroid 0/2
adrenal gland 0/2
parotid gland 0/3
pancreas 0/2
ovary 0/2
testes 0/2

Table I: Frozen tissue reactivity of mAbs directed against p1SE
with normal human tissue specimens.

In negative scored tissue not a single cell was labeled by
4F5/19F8 or there was no significant difference with the control
mAb.

! Positive staining in basal cell layer of respiratory epithelium.
M?rc than 75% of the cells showed a stainig intensity from

S o

? Positive staining (+/++) in squamous epithelium surrounding
the tonsils especially at places were keratinisation could easily
be observed.
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Figure I°: Reactivity with the anti-p15E mAb 4F5 within Figure 1°: No binding detectable with the control mAb in
the well differentiated areas of squamous cell carcinoma of the same area of squamous cell carcinoma of the head and
the head and neck (magnification X 400). neck (magnification X 400).

Figure 2°: Reactivity with the anti-p15E mAb 4F5 in the Figure 2°: The epithelium of nasal polyps shows no binding
basal cell layer of the epithelium of nasal polyps with the control mAb (magnification )!400).
(magnification X 400).
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the anti-p15E mAb 4F5 and 19F8, although the reactivity with the 4F5 mAb was more intense. No reactivity
was found with epithelium from skin, digestive tract or urogenital tract, nor in any other tissue tested,
including immunocompetent cells in the lymphoid organs (table 1).

Neoplastic tissue Positive/tested
squamous cell carcinoma

head and neck 13/13!

cervix 012

lung 0/2

esophagus 02
adenocarcinoma

colon 0/4

breast 0/6

ovary 0/5

lung 0/1
small cell carcinoma

lung 0/1
melanoma 0/4
Hodgkin lymphoma 0/2
non-Hodgkin lymphoma 0/2

Table 2: Frozen tissue reactivity of mAbs directed against p1SE

with human neoplastic tissues.

! Positive staining (+/+ +) focally in well differentiated areas

of the tumor,

Reactivity of anti p1SE mAb with human
neoplasms and tissue with chronic inflammation

Of all human neoplastic tissues tested, only well
differentiated areas of squamous cell carcinoma of
the head and neck showed reactivity with the anti-
pl5E mAbD (table 2, figure 1). Again, no difference
in binding pattern between 4F5 and 19F8 was
detected. In contrast with normal human nasal
mucosa, more binding of the anti-p15E mAb was
seen in squamous cell carcinoma from the head and
neck region. Squamous cell carcinoma from other
regions, other type of carcinoma including
adenocarcinoma, and small cell carcinoma,
melanomas, Hodgkin lymphoma and non-Hodgkin
lymphoma did not show any positive staining.

Reactivity of both anti-p15E mAbs was seen with
respiratory and squamous epithelium in
inflammatory nasal polyps (figure 2) and purulent
bronchitis and with epithelium covering

inflammation of the middle ear (table 3). Again, more intense staining of the anti-p ISE mAb was seen with
the chronically inflamed mucosa of the upper airways than with normal human upper airway mucosa.
Inflamed tissue from the skin, gut and cervix did not show any binding of the mAbs.

Influence of low molecular weight -retroviral like- serumfactors on fmlp induced monocyte polarization

The results of the inhibition of the fMLP induced polarization of healthy donor monocytes by LMWF of
patients with squamous cell carcinoma of the head and neck, patients with squamous cell carcinoma of the
cervix uteri, patients with M.Crohn, patients with primary ciliary dyskinesia, patients with polyposis nasi,
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Tissue Positive/tested  patients  with  chronic recurrent purulent
e witichia of Kusil palye 23230 rhinosinusitis and of healthy individuals are shown
in figure 3. The LMWF of patients with squamous

chronic inflamed mucosa of the middle ear 4/4! g ;

sl inliied Sienchial licosa i © e cell carcinoma of the head and neck and of patients
purulent bronchitis with recurrent upper airway infections (polyposis
bt st i widdises o/1  hasi, primary ciliary dyskinesia and chronic

oo~ recurrent purulent rhinosinusitis) all showed clear
significant (p<0.001) inhibition of fMLP induced

chronic dermatitis

ulceratieve colitis 0/2 : ; S
Sl et o;p  Ionocyte chemotaxis. The optimal inhibiting effect
— of fMLP induced monocyte chemotaxis was seen
Table 3: Frozen tissue reactivity of mAbs directed against with the LMWF in a final dilution of 1:60. A
FISE,\}'ith Chrqniclinﬂam?d human tis:;uc specimens. limited number of serum samples could additionally
e;?}fétl‘j‘;‘:nf“““mg e basnl sell ayerod seapinliony be assayed at 1:30 and 1:120 dilutions, and similar
sznsitive staining in respiratory epithelium of the bronchus differences in inhibition were seen (data not shown).
= M"f,:f‘f"_“ 75% of the cells showed a staining intensity In all tested concentrations, the inhibitory activity
om . ?

observed in serum samples from patients with
squamous cell carcinoma was more pronounced in comparison to those observed from non-neoplastic disease.
Since, after neutralizing the serum fractions with a p15E specific mAb (19F8) before testing in the monocyte
polarization no inhibition on fMLP induced monocyte chemotaxis could be detected, the inhibition was due
to the presence of pI15SE in the LMWFs. In contrast, no significant influence of LMWF of patients with
squamous cell carcinoma of the cervix uteri and M.Crohn on the fMLP induced chemotaxis of healthy donor
monocytes was detected (figure 3). In addition, there was also no influence of LMWF of patients with
adenocarcinoma of the mamma and patients with soft tissue sarcoma in fMLP induced chemotaxis of
monocytes from healthy donors (data not shown).
The inhibition-data of the LMWFs of the different patient groups on monocyte chemotaxis correlated well
with the outcome of the immunohistochemical staining. P15E-like serum factors could only be detected in
patients with pathological conditions in which the tissue specimens showed activity with mAbs directed against
p1SE. The low expression of p15E-like factors in "normal” human nasal mucosa is apparently not sufficient
to produce detectable serum levels, since p15E-like factors were not present in serum of healthy controls.
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Discussion

T8
In man, several studies have 60 [
shown that the chemotactic B L
responsiveness of mono- 5 77
nuclear phagocytes is & 40 %
defective in patients with & i f//%
malignancies (6,7) or chronic = iR %%
inflammatory  respiratory ¥ 20 I _ //%j%/
disease (8). It was demon- v ) %/}%
strated that LMWFs (Mw < i 77 i
25 kD) isolated from o % /Eé é% éé

tumors and serum were g 4 §
responsible for this sup- g

pression of chemotactic LMWF « RPMI LMWF « 19F8 LMWF + GMAB
responses (6). This inhibitory

CILDYBK
CONTROLE
CERVI(CA
BLECROHN
NPOLYPS
PLR.BIN
cwovax NN
CONTROLE
CEAVINGA
LR
MPOLYFPS
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CLOYSK

CONTROLE
CERVIICA

Figure 3: Inhibition of the IMLP-induced polarization of healthy donor monocytes by

effect could be abolished by serumfactors <25kD of healthy controls and patients with respectively carcinoma of
i 4 se factors wi the cervix uteri (cervixea), M.Crohn, nasal polyposis (PPN), chronic purulent
bIO.Ck”_lg af th.ese Hotors ‘Y]th rhinosinusitis (CPR) or carcinoma of the head and neck region (H/N CA) (mean +
antibodies directed against sd). To validate the p15E-like character of the inhibition, the polarization assay was
p15E, the transmembrane also performed with serumfactors after adsorption with anti-pl5E mAb (19F8) or

: ; control mAb (cmAb). Inhibition of the polarization was significant (p<0.001) with
envelope protein of retroviral  sera of PPN, CPR, PCD and H/N CA.

murine leukemia virus (6,7).

Transmembrane envelope proteins related to p15E are assumed to play a role in suppression of the immune
system as seen in retroviral infection (6,16,20-22).

In the present study we have shown that the pISE-like proteins are only found in the sera of patients with
upper airway diseases (figure 3) and that they can be demonstrated exclusively in normal and pathologic
epithelium of the upper respiratory tract. Since env-genes that share homology with retroviral p15E have
been found in human DNA and the presence of mRNA derived from these genes has been detected in most
normal tissues and tumor cell lines (23) an endogenous origin of the p15E-like proteins is likely. Moreover,
endogenous retroviral sequences reside in the genome of all vertebrate species thus far examined, including
humans (24). The majority of these sequences are structurally defective and are not correlated with a manifest
retroviral infection. However, activation of these sequences, subsequently followed by production of proteins
as p15E, might initiate cell dystunction.

We favor the view that chronic stimulation of the upper respiratory tract epithelium, seen in inflammatory
and malignant processes, triggers the production of plSE-like proteins. The quenching effect of these proteins
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on the cellular immune response results in a lower inflammatory reaction. This would result in a reduced
eradication of noxious stimuli and therefore an ongoing stimulation, which may in turn result in an increased
production of p15E-like proteins.

Stimulation of the respiratory tract epithelium will also occur in healthy persons, hence the presence of p15E-
like proteins in normal respiratory tract epithelium. However, the expression of p1SE-like proteins in normal
epithelium is low and these proteins could not be detected in serum of healthy persons. Thus, stimulation
of respiratory tract epithelium in healthy persons is not sufficient to produce a detectable serum level of p15E.
Monitoring p15E serum levels can be of diagnostic value since decreased levels of p15E have been found
after appropiate therapy, including radical excision of tumor (7) and functional endoscopic nasal sinus surgery
(unpublished data). Furthermore, measurement of p15E serum levels can be a tool in early detection of local
recurrence of neoplastic or inflammatory disease of the upper airway tract. In addition, measurement of p15E
serum levels can also be used in evaluating immunopotentiation therapies as shown by Tas et al (25). In this
study patients with chronic, recurrent upper airway infections, refractory to the current therapies, were treated
with a thymusextract (TP-1, Serono) or a placebo. They showed that during the TP-1 treatment period of
the patients, the subjective improvement was accompanied with a decrease of inhibitory activity of p15E-like
proteins in their serum.

In conclusion, we have shown that the presence of p15E-like proteins is limited to the epithelia of the upper
respiratory tract. The production of these proteins is triggered by malignant and inflammatory processes and
may contribute to immunosuppression. Monitoring pISE serum levels can be of value in the follow-up of
patients with neoplastic or chronic intlammatory disease of the upper airway tract.

Addendum

Recently, we have analyzed the distribution of p15E-like proteins in normal tissue from the oral cavity. We
could demonstrate the presence of pl1SE-like proteins in the epithelium of the ducts of the small salivary
glands in the buccal mucosa and in the mucosa of the floor of the mouth.
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Defects in cellular immunity in chronic upper airway infections are
associated with immunosuppressive retroviral p15E-like proteins
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From the departments of Otorhinolaryngology/Head and Neck Surgery' and Pathology®, Free University
Hospital, De Boelelaan 1117, 1081 HV Amsterdam, The Netherlands.

Arch Orolaryngol Head Neck Surg. In press

Summary

Partial defects in cell mediated immunity have been shown in patients with chronic purulent rhinosinusitis.
These defects, i.e. impaired delayed type hypersensitivity (type IV) skin reactions upon commensal
microorganisms of the upper respiratory tract and impaired chemotactic responsiveness of monocytes, are
associated with the presence of immunosuppressive retroviral p15E-like proteins in the serum of these
patients.

In the present study, we tested whether partial defects in cellular immunity could also be demonstrated in
other groups of patients with chronic upper airway infections. Therefore, three well characterized groups
of patients with chronic upper airway infections were investigated: a) patients with primary ciliary dyskinesia
(PCD), a congenital disorder of respiratory cilia, resulting in absence of mucociliary clearance and, as a
consequence, in chronic respiratory infections; b) patients with chronic rhinosinusitis, with normal
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functioning cilia and with nasal polyps (PPN); ¢) patients with chronic rhinosinusitis with normal functioning
cilia but without nasal polyps (CPR).

Our results show that in all three groups the majority (87 %) of the patients had defects in cellular immunity
associated with the presence of p15E-like proteins in their serum. These results indicate that during chronic
infections of the upper respiratory tract immunosuppressive retroviral p15E-like proteins are found, which
are probably responsible for the partial immune defects found in these patients.

Introduction

Chronic recurrent upper airway infections are characterized by their high incidence and their tendency to
be resistant to therapy. In patients with chronic rhinosinusitis, not responding to adequate treatment with
antibiotics and/or surgery, partial defects in cellular immunity were reported: impaired delayed type
hypersensitivity (type I'V) skin reactions to commensal microorganisms of the upper respiratory tract and
impaired chemotactic responsiveness of monocytes (1-4). These defects proved to be associated with the
presence of immunosuppressive factors in the serum of these patients homologous to retroviral p15SE".
Retroviral infection can result in suppression of the immune response. This has been well documented in
leukemias caused by murine and feline leukemia viruses (5-7). The retroviral transmembrane envelope
protein p15E plays an important role in this phenomenon (8-11). Since sequences have been found in human
DNA that share homology with p15E, an endogenous production of p15E-like proteins in man is suggested
(12,13). However, the exact relationship between recurrent infections in the upper respiratory tract, the
defects in cellular immunity and the presence of the pl1SE-like proteins in the serum is not known. Are the
respiratory infections primarily caused by the, already present immunosuppressive serumfactors or are these
factors produced during these infections? In addition, are the presence of cellular immune defects and p15E-
like proteins in the sera specific for chronic purulent rhinosinusitsis?

We, therefore, analyzed several parameters of the cellular immune response viz., delayed type
hypersensitivity skin test upon commensal bacterial antigen and the chemotactic responsiveness of monocytes,
in three different patient groups, all characterized by chronic recurrent upper airway infections: patients with
primary ciliary dyskinesia (PCD), a congenital disorder of respiratory cilia, resulting in absence of
mucociliary clearance and, as a consequence, in chronic respiratory infections; patients with chronic
rhinosinusitis, with normal functioning cilia and with nasal polyps (PPN); patients with chronic rhinosinusitis
with normal functioning cilia but without nasal polyps (CPR). In addition, the data concerning the parameters
of cellular immunity were related to the presence of immunosuppressive plSE-like proteins in patient’s
serum.
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Material and methods

Patients and healthy controls

a. Healthy controls (n=20, 9 females, 11 males, ages ranging from 22-44 years, mean 33 years) without
known diseases.

b. Patients with Primary Ciliary Dyskinesia (PCD), based on abnormal ciliary motility (14) and abnormal
ciliary ultrastructure (15) (n=22, 8 females, 14 males, ages ranging from 2-58 years, mean 23 years).

c. Patients with Polyposis Nasi (PPN) i.e. recurrent upper airway infections, with normal functioning cilia,
and the presence of nasal polyps at the moment of surgery or endoscopic examination (n=25, 13 females,
12 males, ages ranging from 18-61 years, mean 41 years).

d. Patients with Chronic Purulent Rhinosinusitis (CPR) i.e. recurrent upper airway infections not responding
to adequate antibiotic treatment or surgical procedures, with normal functioning cilia, but without the
presence of nasal polyps at the time of surgery or endoscopic examination (n=34, 21 females, 13 males,
ages ranging from 7-71 years, mean 34 years).

The leucocyte counts of all patients and the healthy controls were within normal range. In addition, the
serum levels of immunoglobulins were also within normal range and specific immunoglobulins to bacterial
antigen (H. Influenza) were present.

Monoclonal antibodies

The mAb used were: 4F5(IgG2a) (9) and 19F8(1gG2b) (16) both specific for p15E but recognizing different
epitopes (9); Control mAb were an IgG2a and IgG2b, secreted by the mouse myeloma P1.17 and
MPC11.0UA cell lines respectively, both obtained from the American Type Culture Collection (ATCC,
Rockville, Maryland).

Skin test

Delayed responsiveness was tested by intradermal injection of 0,1 ml of 1% Candidal antigen preparation
(HAL allergens, Haarlem, the Netherlands) and 0,1 ml of 100 U Streptokinase/Streptodornase antigen
preparation (Varidase, Lederle, Wayne, M, USA) in the forearm. The skin reactions (in mm) were read at
30 minutes, 24 and 48 hours and the induration, expressed as the average of two measurements at right
angles, was recorded. The maximal induration was seen atter 48 hours.
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Figure la: The delayed skin test reactivity to Candidal antigen (1%
solution) of patients with PCD, PPN, CPR and healthy controls (controls),
The diameter of the induration was recorded (in mm) 48 hours after
intradermal antigen injection and is given for individual patients, The DTH
skin test reactivity to Candidal antigen in PCD (p <0.01), PPN (p<0.001)
and CPR (p <0.001) is significantly lower than those observed in healthy
controls.
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Figure Ib; The delayed skin test reactivity to Streptokinase/Streptodornase
antigen (1% solution) of patients with PCD, PPN, CPR and healthy
controls (controls). The diameter of the induration was recorded (in mm)
48 hours after intradermal antigen injection and is given for individual
patients. The DTH skin test reaclivity to Streptokinas/Streptodornase
antigen in PCD (p<0.01), PPN (p<0.001) and CPR (p<0.001) is
significantly lower than those observed in healthy controls.

Isolation of blood monocytes

Peripheral blood mononuclear cells were
isolated by Ficoll-Isopaque (Pharmacia,
Diagnostics AC, Uppsala, Sweden)
density gradients centrifugation and
sequentially washed twice in phosphate
buffered saline (PBS), pH= 7.4,
containing 0,5% bovine serum albumin
(BSA) and counted in suspension
employing positive staining with non-
specific esterase (NSE) (17). The
percentage of NSE-positive cells varied
from 5-25%. An enrichment for the
monocytes in the Ficoll-Isopaque isolated
fraction was obtained by Percoll
(Pharmacia, Diagnotics AC, Uppsala,
Sweden) gradient centrifugation (18).
After washing, the pellet containing the
monocytes was resuspended in medium
(RPMI 1640 supplemented with 10% fetal
calf serum (Gibco, Breda, The
Netherlands)) and carefully underlayed
with an equal volume of Percoll 1,063.
After centrifugation (40 minutes, 450 g)
the cells were collected from the
interface, washed twice in medium (10
minutes, 500g) and counted: the
suspension now contained 70-95% NSE-
positive cells

Polarization Assay

The Cianciolo and Snyderman assay (19)

was performed with slight modifications (20). Aliquots (0,2 ml) of the Percoll purified cell suspension
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containing 0,2 x 10¢ monocytes were added to 12-75 mm polypropylene tubes (Falcon Labware Division of
Becton Dickinson Co, Oxford, CA, USA) containing 0,05 ml of either medium alone or medium with N-
formyl-methionyl-leucyl-phenylalanine (fMLP) in a final concentration of 10nM. All experiments were
carried out in triplicate. The tubes were incubated in 37°C in a waterbath for 15 minutes. The incubation was
stopped by addition of 0,25 ml icecold 10% formaldehyde in 0,05% PBS, pH=7,2. The cell suspensions
were kept at 4°C until counting in an hematocytometer using an ordinary light microscope (Zeiss, Germany,
magnification X 250). The test was read 'blindly’ by two persons: 200 cells were counted from each tube.
A cell was considered to be polarized’ if any of the following characteristics were encountered : elongated
or triangular shape, broadened lamellopodia, membrane ruffling. The percentage of polarized cells was
calculated as follows:

10 -
% total cell polarized 80 -
X 100% s .
% NSE-positive cells -% . o
g eor ' _
8 . ; £
g— R :.'- e . E"“
Lymphocytes do not exhibit any | 3 . e
polarization activity in this assay (19). 3 B =
The chemotactic responsiveness of a 1o p s
monocyte population is expressed as the i . . : s .
PGD PPN GPR CONTROLS

percentage polarized cells in the presence

: : Figure 2: The tMLP-induced polarization of monocytes from patients with
of f.MLP mlITUS the percentage of PCD, PPN, CPR, and healthy controls (controls). The percentage of
polarized cells in the absence of fMLP. polarization is given for individual patients. In PCD, PPN and CPR the
The assay has proven to be a rapid monocyte polarization is significantly lower than these observed in healthy

- controls (p <0.001).

method to measure chemotaxis and ® )

outcomes of the assay correlate well with

outcomes of the conventional Boyden chamber assay to measure chemotaxis to casein (20).

Monocyte isolation from healthy donors
From four different healthy donors monocytes were isolated from the peripheral blood. Buffy coats from
500 ml of human blood were obtained after informed consent from healthy donors. The monocytes were

purified by successive isopycnic centrifugation and elutriator centrifugation as previously described (21) with
minor modifications (22). These healthy monocytes were used to test the effects of patients’ serum fractions.
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Figure 3: Inhibition of fMLP-induced polarization of healthy donor
monoeytes by serumfactors < 25kD of patients with PCD (46.1 + 7.7,
mean + sd), PPN (36.9 + 11.4) or CPR (37.0 + 10.7) and healthy
donors (controls) (12.0 + 4.9) respectively. The percentage of inhibition
is given for individual patients. Inhibition of the polarization was
significant (p<0.001) with sera of all patient groups.

The determination in patient’s serum of
low molecular weight factors inhibiting
the polarization of healthy donor
monocytes

Sera were collected from patients by
venapuncture and diluted 1:1 in saline.
These dilutions were subjected to
ultrafiltration through Amicon CF25
Centriflo cones (Amicon Corp., Danvers,
MA, USA) for 15 minutes at 700 g
(molecular weight "cut off point" 25 kD).
The residues, the low molecular weight
factors (LMWEF), were dissolved in
phosphate buffered saline (PBS) and
stored at -70 °C until further use.

The capability of the serum fractions to inhibit fMLP-induced polarization of healthy donor monocytes
(elutriator purified) was determined by incubating the monocytes (1X10%ml) for 15 minutes at 37°C, either
with tMLP alone or with fMLP in combination with a serum fraction (final dilution 1:60). The percentage

of inhibition was calculated as follows:

P, - Py
inhibition = ( 1 - ) X 100%
PJ i Po

P,= % spontaneously polarization
P,= % polarization after incubation with fMLP alone
P,= % polarization after incubation with fMLP and LMWF

Serum fractions were tested in triplicate. Addition of serum fractions to non-stimulated (fMLP) donor

monocytes did not affect the spontaneous polarization.



Determination of the p15E-like character of patient LMWE’s

To validate the p15E-like character of the LMWE’s in human serum, adsorption experiments were carried
out by neutralizing the serum fractions before testing in the monocyte polarization assay with a monoclonal
antibody directed against p15E (19F8), in a final dilution of 1:200 (25 pg/ml) at 4°C for 16h, followed by
Amicon ultrafiltration to remove formed immunecomplexes: this adsorption /neutralizing procedure was
carried out twice (20). Adsorption experiments carried out with the mAb 4F5 or with 4F5 and 19F8 together
did not show any difference in neutralizing the serum fractions as with 19F8 alone. Control experiments
were carried out with the isotype matched control mAbs.

Statistics

Statistical analysis was performed by the Student’s t-test.

Results
Delayed type hypersensitivity

If there was a positive response in DTH skin testing, a maximal swelling was present after 48h. A defective
response showed no swelling or a diminished swelling (<20 mm). In patients with CPR or PPN, more than
75% showed a defective skin test response to one (45%) or both (37%) antigens (Figure 1a, 1b). In contrast,
only one of the twenty healthy controls (= 5%) had a diminished response to one antigen (Figure 1a).
Unfortunately, only four patients with PCD underwent DTH skin testing. One patient had positive reactions
to both antigens, the other three patients had negative reactions to one (1 patient) or both antigens (2
patients) (figure la, 1b). Delayed skin test reactivity is generally regarded as reflecting the state of protective
immunity to chronic bacterial antigen (23). An absent or defective skin test reactivity may therefore be a
strong indication of a high susceptibility to these bacteria. DTH skin test reactivity to Candidal antigen (1%
solution) in patients with PCD (11.3 + 16.5, mean + sd, p<0.01), PPN (18.7 £+ 17.3, p<0.001), CPR
(14.4 + 12.1, p<0.001) is significantly lower than those observed in healthy controls (46.3 + 16.5) (figure
1a). DTH skin test reactivity to Streptokinase/Streptodornase antigen (1% solution) of patients with PCD
(20.0 + 20.4, mean + sd, p<0.01), PPN (17.0 + 15.2, p<0.001), CPR (19.0 £ 17.4, p<0.001) is also
significantly lower than those observed in healthy controls (43.6 + 14.6) (figure 1b).
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Monocyte Polarization
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Figure 4: The pl5E-like character of inhibition of fMLP-induced ; .

polarization of healthy donor monocytes by serumfactors < 25kD of healthy controls: 37.4 + 7.0.
patients with PCD, PPN or CPR is validated by performing the

polarization assay with serumfactors after adsorption with anti-p15E mAb

(19F8) or control mAb (¢cMAB) (mecan + sd).

Influence of low molecular weight -retroviral like- serumfactors on fMLP induced monocyte
polarization

The results of the inhibition of the fMLP induced polarization of healthy, elutriator purified, donor
monocytes by LMWEF present in serum of patients with chronic recurrent infections of the upper airways
are shown in figure 3. The LMWF of patients with CPR, PPN and PCD all showed significant (p<0.001)
inhibition of fMLP induced monocyte chemotaxis compared to the inhibitory activity of LMWF found in
the serum of healthy donors. Moreover, in patients with PCD, the inhibitory effect was more pronounced
(p<0.001) than those observed in CPR or PPN. Since, after neutralizing the serum fractions with a p15E
specitic mAb (19F8) before testing in the monocyte polarization no inhibition on fMLP induced monocyte
chemotaxis could be detected, the inhibition was due to the presence of pl5E-like proteins in the LMWFs
(figure 4). Figure 5 shows the inverted correlation

(-0.40, p < 0.01) between the polarization of patients” monocytes (all groups) and the inhibitory activity
of patients’ LMWTF (all groups) on the polarization of healthy donor monocytes. There was no significant
difference of this correlation between the patient groups. The correlation is more pronounced in patients
possessing p15E-like serum proteins with large inhibitory activity (>40%). In 90% of these patients, a
decreased polarization (<25%) of patients’ monocytes was present.
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Discussion

a sor
Earlier studies reported the presence of % a0 | . !
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defects could be related to the presence of £
immunosuppressive, low molecular a
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proteins (4). The retroviral transmem- : . . . ) ! . Loy ol

brane envelope protein p1SE, and trans-
membrane proteins related to p1SE are
assumed to play a role in suppression of % inhibition by patients' LMWF

the immune system as seen in retroviral Figure 5. The inverted correlation (coefficient: -0.40, p <0.01 )between
infection (8,9,11). the polarization of patients’ monocytes (all groups) and the inhibitory
In the present study, we have shown that ggtgzgymggopca;:::ls LMWTF (all groups) on the polarization of healthy
these defects in cell mediated immunity

and the presence of retroviral p15E-like serum proteins are found not only in patients with CPR, but also
in other patients with chronic upper airway infections, viz. PCD and PPN. Furthermore, in patients with
PCD the inhibitory effect of the pISE-like serum proteins was more pronounced than those observed in
patients with CPR or PPN, probably due to the life-long infectious status of the upper respiratory tract
epithelium. Since the same defects are detected in ‘congenital’ (PCD), and in ‘acquired’ (CPR, PPN)
inflammatory diseases of the upper respiratory tract, it is suggested that chronic inflammation ot upper
airway epithelium in general is associated with defects in cellular immunity. In addition, we have recently
shown that the presence of p15E-like proteins is limited to chronically inflamed epithelium of the respiratory
tract. In healthy persons, these proteins are only present in the epithelium of the, always stimulated, upper
respiratory tract (24). The expression is increased in inflammatory disease of the upper airways.
Furthermore, p15E-like proteins could not be detected in patients with chronic inflammatory processes
localized elsewhere (e.g. M.Crohn) (24). Therefore we suggest that inflammatory processes of the upper
respiratory tract epithelium trigger the production of p15E-like proteins. The immunosuppressive effects of
these proteins may then result in a diminished inflammatory reaction. In 90% of the patients possessing
p15E-like serum proteins with large inhibitory capacity (>40%), a decreased chemotactic responsiveness
of patients’ monocytes was present. This could result in a reduced eradication of noxious stimuli and
therefore in ongoing inflammation. In this way a vicious circle is present. Preliminary results show that after
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results show that after appropiate treatment (endoscopic sinus surgery and postoperatively topical
corticosteroids) of patients with inflammatory diseases of the upper airway, reduction of the subjective
complaints are accompanied by a diminished inhibitory activity of the p15E-like serum proteins.
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Summary

The relationship of dendritic cells (DC) isolated from the peripheral blood to those of lymphoid tissue is,
in terms of maturation and function, incompletely understood. In our present study, we have explored the
molecular basis of adhesion of T cells to blood DC. Analysis of the expression of adhesion receptors on the
cell surface of blood DC revealed that these cells express LFA-1 (CD11a/18), ICAM-1 (CD54), LFA-3
(CD58), and CD44, but are VLA-4 (CD49d) and VCAM-1 negative. The LFA-1 pathway was found to play
a key role in T cells-blood DC adhesion; mAb against both LEA-1 and [CAM-1 strongly inhibited adhesion
between those cells. Moreover, a T-cell clone from an LFA-1-deficient patient showed poor binding to blood
DC. The important role of LFA-1 in T cell-blood DC adhesion was also supported by the metabolic energy
and divalent cation dependence of the interaction. MAb against LFA-3 and CD2 did not inhibit T cell-blood
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DC binding. In contrast to the strong inhibition by antibodies to LFA-1 and ICAM-1, antibodies to CD44
enhanced conjugate formation between T cells and blood DC. Together, our results show that the LFA-
1/ICAM-1 pathway plays a central role in T cell-blood DC adhesion, a situation like that in T cell adhesion
to lymphoid DC. However, unlike lymphoid DC, blood DC do not express VCAM-1 nor use LFA-3 for T-
cell binding.

Introduction

Dendritic cells (DC) play an important role in the induction of the immune response. They act as antigen-
presenting cells for the initiation of primary T cell responses (1,2). These responses occur in cell aggregates
or clusters. In the induction stage of this physical association, T cells bind to DC by an antigen-independent
mechanism (3). Subsequently, cell binding is strong enough to facilitate recognition of major histocompa-
tibility complex (MHC) molecules and antigenic peptides by the T cell receptor. During the initial antigen
independent phase of T-cell adhesion to DC, cell adhesion receptors play a critical role. Studies of the
molecular basis of the interaction between murine T cells and DC (2,4) and between human T cells and
tonsil derived DC (5) have shown that adhesion-dependent interactions in these systems are mediated through
binding of the integrin LFA-1 with the Ig-superfamily member ICAM-1. In addition, a role for the LFA-
3/CD2 adhesion pathway has been described for the tonsillar system (5).

Cells with a dendritic morphology and a high antigen presenting capacity in vitro can be readily isolated
from the human peripheral blood. These cells are thought to be a migratory form of the DC of lymphoid
tissues (6). However, the relationship of blood DC to those of lymphoid tissues, in terms of maturation and
function, is at present incompletely understood. In the present study, we have defined the adhesion receptor
profile of blood DC and the molecular basis of blood-DC T-cell adhesion,

Material and methods
T cells
Mononuclear cells were isolated by Ficoll Hypaque (Pharmacia, Uppsala, Sweden) density gradient

centrifugation. Monocytes were removed by adherence on plastic petri dishes (Falcon Plastics, Oxnard, CA,
USA) for 1 hr at 37°C. The non-adherent cells were depleted of B cells by a panning technique (7). In brief,
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plastic dishes (Falcon) were coated overnight with 1/100 diluted F(ab) goat anti-human Ig (TAGO,
Burlingame, CA, USA) in 0,05 M tris-HCL buffer, pH 9,5. Per coated plate, 1x10" mononuclear cells were
applied. The plates were incubated at 4°C for 1 hr and the non-adherent cells were harvested. The
percentages of surface Ig+ and CD2+ lymphocytes in the T cell enriched fraction were determined by
immunofluorescence. T cells enriched populations contained > 90% CD2+, and < 5% surface Ig+ cells.
The LFA-1-negative T cell clone LAD 6 was raised from a LAD patient and has been described previously
(8).

Isolation of dendritic cells

CONTROL LFA-1a LFA-18 ICAM-

N ’ - | BT
DC were isolated from the peripheral /1 ﬁ ’— f‘ f
blood according to Knight et al (9). In \\, /\ \_i 5ol
brief, mononuclear cells were separated o ke M O
from heparinized blood by Ficoll [ ' 'f,«\ A
|

Hypaque density gradient centrifugation. |
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From these mononuclear cells the g . k\ \ | \ |
adherent cells were removed by incuba- ou LA ABC wape  wm
tion on plastic dishes (Falcon) for 90 min. @ / || /'\ A

The non-adherent cells were isolated £ i\ ‘ \ [ \

using a 14,5% (w/v) hypertonic g Wi _,j \, N
metrizamide gradient. The adherent cells A ——

an .the. el l-l‘l fap p%ilet of _fae Figure 1: Expression of adhesion receptors and other cell surface antigens
metrizamide gradient were incubated on on blood DC. Blood DC were isolated from the peripheral blood and
plastic dishes for a further 16 hr (37°C, incubated with mAb against cell surface antigens followed by FITC
5% CO,). From the newly non-adherent SIS R RRaRe
populations the cells were again isolated on metrizamide. All low-density cell populations were pooled and
these contained 60-80% cells with a dendritic morphology.

DC-T cell cluster assay
10 x 10° DC, labeled with the fluorescence dye PKH2-GL (Zynaxis, Malvern, PA, USA) for 15 min at room

temperature, were incubated (4 hr, 37°C, 5% CO,) with 50 x 10" allogeneic T cells in 250 pl flatbottom
wells (Costar, Cambridge, MA, USA). Incubation of the cells was carried out in medium (RPMI 1640 with
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Figure 2: Kinetics of cluster formation between T cells and bleod DC. HBSS without calcium and magnesium

Clustering of T cells and blood DC in medium alone, or in medium with : ;
Cytochalasin B (20 yM), W7 (20 zM) and H7 (20 xM). Binding was (Gibco), complemented with ImM EDTA

measured after 1, 2, 3, 4, and 5 hours (mean + sd). and 2 mg/ml D-glucose. Clusters were
defined as DC binding 3 or more T cells. They were counted using an inverted fluorescence microscope
(Zeiss) (magnification X 200) and expressed as the percentage binding DC.

number of DC binding with 3 or more T cells
% binding DC = X 100
total number of DC

Statistical analysis was performed by the student’s T test.

Monoclonal antibodies and reagents

The mAb used were: CLB-LFA1/2 (IgG1) specific for the e subunit of LFA-1 (CD11a) (10); CLB-LFA1/1
(IgG1) specific for the B subunit of LFA-1 (CD18) (11); R.R1/1 (IgG1) specific for ICAM-1 (CD54) (12);
TS2/9 (IgG1) specific for LFA-3 (13); 6G4 (IgG1) and 4B2H4 (IgG1) specific for CD2; NKI-P1 (IgG1),
NKI-P2 (IgG1), Hermes 3 (IgG2a) all reactive with CD44 (14,15); HP2/1 (IgG1) binds to an epitope on the
a4 polypeptide (CD49d) of integrin receptor VLA-4 (CD49d/CD29) (16); 4B9 (IgG1) (17) and 2G7 (IgG1)
(18) bind to a functional epitope on VCAM-1 ; W6/32 (IgG2a) specific for a nonpolymorphic determinant
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determinant of HLA-ABC (19); OKlIa
(IgG2a) specific for HLA-DR (Becton
Dickinson, CA, USA) ; RFD1 reacts with
dendritic cells and activated B cells (20)
and 15D9 is specific for T200 (CD45)
(dr. R.A.W. van Lier, C.L.B., Amster-
dam, The Netherlands).

The reagents used were: H7 (I1-(5
isoquinolinyl sulfonyl-2 methyl piper-
azide, 20 pM, Sigma, St.Louis, MO),
which prevents activation of protein
kinase A and protein kinase C ; W7 (N-
(6-aminohexyl)-5-chloro-1-naphthalene
sulfonamide, 20 pM, Sigma, St.Louis,
MO) an inhibitor of calmoduline
dependent protein kinase and Cytochalasin
B (20 M, Sigma, St.Louis, MO), which
inhibits microfilament formation.

Immunofluorescence
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Figure 3: Cation requirement of binding between T cells and blood DC.
Binding of T cells to blood DC was determined in medium, in HBSS free
of Calcium and Magnesium, or in HBSS with: 1mM Caleium; 2.5 mM
Calcium; 5 mM Caleium; 1 mM Magnesium; 2.5 mM Magnesium; SmM
Magnesium; or SmM Magnesium and 5 mM Caleium. Binding was
measured after 4 hours.

Cells were sequentially incubated (PBS containing 1% BSA and 0,01 % sodium azide) with appropriate
dilution of the different mAb and fluorescein isothiocyanate (FITC)-conjugated Rabbit anti-Mouse
Immunoglobulins (Dakopatts, Denmark) for 30 min. at 0°C. Fluorescence intensity was measured by
FACSTAR (Becton Dickinson, Mountain View, CA).

Results

Expression of adhesion receptors and other cell surface antigens on blood DC

Expression of adhesion receptors on blood DC was measured by FACS-analysis. Molecules clearly expressed
at the cell surface of isolated blood DC were: LFA-1a (CD11a) and LFA-1B (CD18); ICAM-1 (CD54);
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LFA-3 (CD358); CD44; HLA-ABC; HLA-DR and RFD1. In contrast, VCAM-1 and VLA-4 were not detect-
able (figure 1).

Blood DC-T cell adhesion is energy dependent and requires an intact cytoskeleton

Progressive spontaneous binding between blood DC and T cells was observed upon incubation mixtures of
these cells at 37°C. This cluster formation reached its maximum after 4 hours, when approximately 50 %
of DC were found in clusters (figure 2). We assessed the metabolic requirements for blood DC-T cell
binding. Addition of cytochalasin B, an inhibitor of microfilament formation, completely blocked the binding
between blood DC and T cells. Similarly, H7, which prevents activation of protein kinase A and protein
kinase C, and W7, an inhibitor of calmoduline dependent protein kinase were found to prevent binding
between blood DC and T cells (figure 2). Furthermore, cluster formation was not observed at 4°C (data not
shown). Hence, blood DC-T cell binding requires an intact cytoskeleton and is dependent on intracellular
protein kinase activity.

- Blood DC-T cell adhesion requires
bivalent cations
60 [
so b J— To study the cation requirement of blood
9 DC-T cell adhesion, cells were washed in
a 40 HBSS without calcium or magnesium but
E i _ ) with 1 mM EDTA to remove all
" o remaining bivalent cations, No binding
20 | _— . was observed in bivalent cation-depleted
ol o ,:'f-,_: - medium (figure 3). The addition of 5SmM
% ,- calcium or S5mM magnesium only
b I : partially restored DC-T cell binding,
RPMI LFA—-1a LFA-1p ICAM-1 LFA-3 CD2 VCAM-1 YLA-4 “’hereas bindlng was COlanetel}' restored
Figure 4: m_Ab ir_lhibition_ studic§ of T cell ad_hcsion_to blo_c-d DC_. Binding by simultaneous addition of 5 mM
of T cells with blood DC in medium alone or in medium with anti-LFA-1 : i
(CD11a), anti-LFA-1B {(CD18), anti-ICAM 1 (CD54), anti-LFA-3 (CD58), magnesium and 5 mM calcium.

anti-CD2, anti-VCAM 1, and anti-VLA 4 was studied. Binding was
measured after 4 hours (mean + sd).
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Effect of mAb on blood DC-T cell

2l 70
adhesion
60
To identify the surface molecules involved s - 1

in the adhesion of blood DC and T cells,
mADb inhibition studies were performed.
Antibodies against both the LFA-1« chain

. v

40 : T %%/

L S ,

(CDl1a) and LFA-18 chain (CD18) ol %I % é %/ _ %
o / z i 7

% binding DC

inhibited the adhesion up to 70% (figure

2
| -

4). Antibody against [CAM-1 (CD54), a 10 % , % / / .

known ligand of LFA-1, inhibited the | %% e @

adhesion to the same extent, showing that RPMI P1 P2 H3  RPMIP1 P2 H3  RPMIP1 P2 Ha
ICAM-1 also is involved in this process. 1 2 4
Thus, the LEA-1/ICAM-1 pathway plays RN

" - T e 5 . Figure 5: CD44 induced acceleration of the binding of T cells to blood
a. central role in blood DC-T ,w“ cluste DC. Blood DC and T cells were allowed to cluster in medium alone or in
ring. In contrast to mAb against LFA-1 medium with three different mAb against CD44; NKI-P1 (P1), NKI-P2
and [CAM-1, mAb directed against LFA- (P2), and Hermes 3 (H3). Binding was measured after 1, 2, and 4h (mean

3 (CDS58), CD2, VCAM-1 and VLA-4 (52001, fo ol toee mAD ot Cloag, T - 10r e meaihet
did not affect the clustering between

blood DC and T cells indicating that these adhesion receptors are not involved in the early clustering between
DC and T lymphocytes. Control mAb recognizing the cell-surface antigens HLA-DR, HLA-ABC, RFDI
and CD45 also did not influence binding between DC and T cells (data not shown). MAb against CD44,
however, significantly accelerated binding of T cells to DC (figure 5). This acceleration of binding was most
evident during the first two hour of the clustering process.

Binding between blood DC and LFA-1-negative T cells

Binding experiments were performed using blood DC and a T cell clone derived from a patient with the
leucocyte adhesion deficiency (LAD) syndrome. T cells from these patients, which lack the presence of
CD11 and CD18 molecules on their surface, bind only to a small extent to blood DC (figure 6). As
expected, this binding was not affected by mAb to LFA-1 or ICAM-1. Furthermore, like with normal T
cells, it was also not influenced by mAb directed against LFA-3 (CD58), CD2, VCAM-1 and VLA-4, thus
indicating that the LFA-3/CD2 and VCAM-1/VLA-4 pathways do not play a role in T cell adhesion to blood
DC.
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e Discussion
i Several studies have shown that DC
isolated from lymphoid tissues efficiently
cluster T cells during the initiation of the
immune response (3,21-25). This physical
association does not only depend on
antigen-specific interactions but depends
primarily on engagement of adhesion
receptors. In our present study, we have
i i . : explored the molecular basis of adhesion
T cells LAD  LAD  LAD  LAD  LAD of T cells to DC derived from the
l RP.II b IRFHI .I.FA-1|I LFA=3 VCAM-1 VLA-4 pe]_'lpher&l blOOd. Analysis Of the
T e, S ot s slision of JPALneguixs T expression of adhesion reccptors on the
in medium alone or in medium with anti-LFA-1e, anti-LFA-3, anti-VCAM cell surface of blood DC (figure 1)
1 or anti-VLA-4. Binding was measured afier 4 hours (mean =+ sd). revealed that these cells express the
integrin LFA-1 and the immunoglobuline (Ig) superfamily members ICAM-1 and LFA-3. Furthermore,
expression of CD44, a molecule with proteoglycan link protein homology (26,27), was found. However,
blood DC did not express VLA-4 and VCAM-1. VCAM-1, like ICAM-1, belongs to the Ig-superfamily and
is induced on endothelium at sites of inflammation (28-30). It plays a role in mediating [ymphocyte and
monocyte adhesion to activated endothelium through interaction with the integrin VLA-4 on the lymphocyte
and monocyte cell surface (28,30). Furthermore, the VLA-4/VCAM-1 pathway was recently shown to be
involved in adhesion of B cells to follicular dendritic cells (FDC) (31,32). The lack of expression of VCAM-
1 on blood DC indicates that the VLA-4/ VCAM-1 adhesion pathway plays no part in T cell adhesion to
blood DC. Moreover, the fact that blood DC, which are believed to be the precursors of VCAM-1 positive
(28) lymphoid DC, lack VCAM-1 suggests that VCAM-1 expression is acquired during DC maturation
and/or activation in lymphoid tissue. Although cytokines presumably play a role in this process, efforts to
induce VCAM-1 expression on blood DC in vitro by a panel of cytokines, including IL-1, TNF and GM-
CSF have so far been unsuccesfull (R.S., unpublished results).
Like in many other adhesive interactions of lymphocytes (33-35), the LFA-1 pathway was found to play a
keyrole in the early binding between T cells and blood DC. This can be concluded from the inhibition of
T cell-blood DC binding obtained with mAb against LFA-1 and ICAM-1 (figure 4) as well as from the low
binding of LAD T cells to blood DC (figure 6). The important role of integrins, viz. LFA-1, in T cell DC
binding was further strengthened by the metabolic energy and divalent cation dependence of the interaction
(figure 2,3). Since anti-LFA-1 antibodies did not completely prevent binding of T cells to blood DC and

% binding DC
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since LAD cells clustered with DC, although at low rates, at least one additional pathways must be involved
in T cell-blood DC binding. Apparently, this pathway involves neither LFA-3/CD2 nor VLA-4/VCAM-1
since binding of T cells to blood DC was not blocked by mAb against these molecules (figure 4). The
finding that T cell-blood DC binding is independent of the LFA-3/CD2 pathway contrasts the situation of
T cell adhesion to tonsillar DC where the CD2/LFA-3 pathway has been found to play a role (5). In addition
to the lack of VCAM-1 expression on blood DC, it presents a second difference between blood and lymphoid
DC, which conceivably is related to differences in maturation/activation. This may have important functional
consequences for the strength of T cell- DC binding and hence for the efficacy of antigen presentation to T
cells,

Interestingly, the anti-CD44 mAb enhanced rather than inhibited conjugate formation between T cells and
blood DC (figure 5). This anti-CD44 effect required an intact cell metabolism and could not be blocked by
anti-LFA-1 mAb (R.S., unpublished observation). Adhesion promoting effects of anti-CD44 mAbs have also
been observed in other systems (36,37). These effects as well as direct binding of CD44 to ligands on high
endothelium (38-40) and in the extracellular matrix (41), such as hyaluronic acid (40,42) and collagen (41),
may underly the correlation between CD44 expression and lymphoma metastasis that has been observed in
studies by us and others (39,43-45).

In conclusion, our results show that the LFA-1/ICAM-1 pathway plays a central role in T cell-blood DC
adhesion, an interaction pathway that also dominates T cell adhesion to lymphoid DC (5). However, on the
other hand, blood DC differ from lymphoid DC since they do not express VCAM-1 nor use LFA-3 for T-
cell binding. Apparently, during maturation/activation in lymphoid tissues DC acquire additional adhesive
options, which may be required for efficient antigen presentation to T cells.
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Chapter 5

Decreased function of blood dendritic cells in patients with chronic
infections of the upper respiratory tract. Effect of retroviral plSE-related
serum proteins

RA Scheeren!, RMJ Keehnen?, EWA Kamperdijk®, CJLM Meijer®, S van der Baan'.

From the departments of Otorhinolaryngology/Head and Neck Surgery’ and Pathology®, Free University
Hospital, De Boelelaan 1117, 1081 HV Amsterdam, and the department of Cell Biology, division Electron
Microscopy’, Medical Faculty, Vrije Universiteit, Amsterdam, The Netherlands.
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Summary

Defects in cellular immunity, i.e. diminished chemotactic responsiveness of monocytes and impaired delayed
type hypersensitivity (DTH) skin reactions upon commensal bacterial antigens have been found in patients
with chronic recurrent infections of the upper respiratory tract, These defects are associated with the
presence of immunosuppressive retrovial p15E-like proteins in the serum of these patients. .

In the present study, we analyzed whether defects could also be found in an earlier stage of the immune
response. In the induction of the immune response dendritic cells (DC) play an important role. They form
clusters with T lymphocytes and stimulates them. Therefore, we tested the DC cluster capability in three
different groups of patients all characterized by chronic upper airway infections: (1) patients with primary
ciliary dyskinesia (PCD), a congenital disorder of respiratory cilia, resulting in absence of mucociliary
clearance and, as a consequence, in chronic respiratory infections; (2) patients with chronic rhinosinusitis,
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with normal functioning cilia and with nasal polyps (PPN); (3) patients with chronic rhinosinusitis with
normal functioning cilia but without nasal polyps (CPR). In addition, morphological analysis of dendritic
cells by immunocytochemistry and electron microscopy was performed.

Our results show that most patients characterized by chronic infections of the upper respiratory tract had a
decreased DC cluster capability associated

with the presence of immunosuppressive retroviral p15E-like serum proteins. A morphological explanation
for the impaired DC function could not be found.

Introduction

A series of defects in cell mediated immunity, viz. diminished chemotactic responsiveness of monocytes and
impaired DTH skin reactions upon commensal bacterial antigens, have been found in patients with chronic
upper airway infections (1-5). These defects proved to be related to the presence of retroviral pl15E-like
serum proteins (4,5). The retroviral transmembrane envelope protein p15E, and transmembrane proteins
related to p15E are assumed to play a role in the suppression of the immune response as seen in retroviral
infection (6-8). However, defects in an earlier stage of the cellular immune response are not reported yet.

DC play an important role in the induction of the immune response. They act as antigen presenting cell
(APC) for the initiation of primary T cell responses (9-12). These responses occur in cell aggregates or
clusters of DC and T cells. In the initial phase, this process is antigen-independent (13) and adhesion
receptors play a critical role (13-16). The number of formed clusters correlates well with lymphocyte
stimulation (17).

In this study, we analyzed the cluster capability of blood DC in three different patient groups, all
characterized by chronic recurrent upper airway infections: patients with primary ciliary dyskinesia (PCD),
a congenital disorder of respiratory cilia, resulting in absence of mucociliary clearance and, as a
consequence, in chronic respiratory infections; patients with chronic rhinosinusitis, with normal functioning
cilia and with nasal polyps

(PPN): patients with chronic rhinosinusitis with normal functioning cilia but without nasal polyps (CPR).
Since our results showed a decreased cluster capability of patients” DC, we performed ultrastructural and
immunocytochemical analysis of DC from patients and healthy controls to see whether impaired DC function
is related to morphological changes. In addition, the results of the cluster capability of DC in these patients
were related to the presence of immunosuppressive p1SE-like proteins in patient’s serum.
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Material and methods
Patients and healthy controls

a. Healthy controls (n=20, 9 females, 11 males, ages ranging from 22-44 years, mean 33 years) without
known diseases.

b.Patients with PCD, based on abnormal ciliary motility (18) and abnormal ciliary ultrastructure (19) (n=8),
4 females, 4 males, ages ranging from 6-42 years, mean 24 years).

¢. Patients with PPN i.e. recurrent upper airway infections, with normal functioning cilia, and the presence
of nasal polyps at the moment of surgery or endoscopic examination (n=19, 11 females, 8 males, ages
ranging from 18-61 years, mean 38 years).

d. Patients with CPR i.e. recurrent upper airway infections not responding to adequate antibiotic treatment
or surgical procedures, with normal functioning cilia, but without the presence of nasal polyps at the time
of surgery or endoscopic examination (n=24, 14 females, 10 males, ages ranging from 7-71 years, mean
32 years).

The leucocyte counts of all patients and the healthy controls were within normal range. In addition, the
serum levels of immunoglobulins were also within normal range and specific immunoglobulins to bacterial
antigen (H. Influenza) were present.

T cells

Mononuclear cells were isolated by Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) density gradient
centrifugation. Monocytes were removed by adherence on plastic petri dishes (Falcon Plastics, Oxnard, CA)
for 1h at 37°C. The non-adherent cells were depleted of B cells by a panning technique (20). In brief, plastic
dishes were coated overnight with 1/100 diluted F(ab’), goat anti-human Ig (Tago, Burlingame, CA) in 0.05
M Tris-HCL buffer, pH 9.5. Per coated plate, 1 X 10" mononuclear cells were applied. The plates were
incubated at 4°C for 1h and the nonadherent cells were harvested. The percentages of sIg® and CD2'
lymphocytes in the T cell-enriched fraction were determined by immunofluorescence. T cell-enriched
populations contained >90% CD2"' and <5% surface Ig" cells.
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— Isolation of blood dendritic cells

228 -
E 200 |- . DC were isolated from the peripheral
3 wet ‘o blood according to Knight et al (21). In
= 180 . : —f-.. brief, mononuclear cells were separated
§ s ' : i from heparinized blood by Ficoll-
S 100 . _& —:_ Hypaque density gradient centrifugation.
g tsr & i b : From these mononuclear cells the
g =y . . : adherent cells were removed by

ol incubation on plastic dishes (Falcon) for

S e o Tk, 90 min. The nonadherent cells were

isolated using a 14.5% (w/v) hypertonic

Figure 1: The clustering of blood DC of patients with PCD, PPN, or CPR metrizamide gradient, The adherent cells
and healthy controls. The elustering of patients” DC is significantly lower o : .
(p<0.001) than those observed in healthy controls. and the cells in the pe]let for the

metrizamide gradient were incubated on
plastic dishes for a further 16h (37°C, 5% CO,). From the newly nonadherent population the cells were
again isolated on metrizamide. All low-density cell populations were pooled and these contained 60%-80%
cells with a dendritic morphology. The isolation of the cells was carried out in medium (RPMI 1640 with
25mM Hepes buffer (Gibco, Grand Island, NY) supplemented with 10% heat-inactivated fetal calf serum
(Hyclone Laboratories Inc., Logan, UT), 100 U/ml of sodium penicillin G (Gist Brocades NV, Delft, The
Netherlands), and 100 U/ml of streptomycin sulfate (Pharmachemie BV, Haarlem, The Netherlands).

Dendritic cell clustering

The cluster assay as described by Austyn et al. (22) was performed with modifications (17). 5 X 10° DC
were incubated (4 h, 37 °C, 5% CO,) with 5§ X 10° allogeneic T cells isolated from healthy donors in 250
pl flat-botommed wells (Costar, Cambridge, MA). Incubation of the cells was carried out in medium.
Formed clusters (aggregates of 5 or more cells), which consist of DC and T cells, were counted by 2 persons
indepently of each other using an inverted microscope (Zeiss, Oberkochen, FRG; magnification X 200) and
values were expressed as the number of clusters per 6 microscopic fields.
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Monoclonal antibodies

The monoclonal antibodies (mAb) used
were: 4F5(IgG2a) (6) and 19F8(IgG2b)
(23) both specific for pISE but
recognizing different epitopes (6); W6/32
(IgG,,) specific for a nonpolymorphic
determinant of HLA-ABC (24);

OKIa(IgG,,) specific for HLA-DR (Ortho
Diagnostics Systems Inc, Raritan, NJ);
RFDI1 reacts with DC and activated B
cells (25). mAb used for recognizing

adhesion receptors were: CLB-LFA-1/2 % G B s e e s S

J ; : igure 2: Inhibition of the clustering of healthy ¥ 's 0

(IgG,) specific for the a subunit of LFA- patients with PCD, PPN, or CPR and healthy controls. Inhibition of the

1(CD11a) (26); CLB-LFA-1/1 (IgG,) clustering was significant ( <0'00\]33]:'Vim LMWF’s of all ;;aticnts groups.

e y : ] - The p15E-like character of the LMWF's is analyzed by performing the DC

specific for the B subunit of LFA clustering with LMWF's after adsorption with anti-p1SE mAb (19F8) or
1(CD18) (27); R.R1/1 (IgG,) specific for control mAb (emAb) (mean £ sd).

ICAM-1 (CD54) (28); NKI-P1 (IgG,) reactive with CD44 (29).
Control mAb were an IgG2a and [gG2b, secreted by the mouse myeloma P1.17 and MPC11.OUA cell lines
respectively, both obtained from the American Type Culture Collection (ATCC, Rockville, Maryland).

% INHIBITION

LMWF

Determination in patient’s serum of low molecular weight factors inhibiting the clustering of healthy
donor dendritic cells

Sera were collected from patients by venapuncture and diluted 1:1 in saline. These dilutions were subjected
to ultrafiltration through Amicon CF25 Centriflo cones (Amicon Corp., Danvers, MA, USA) for 15 minutes
at 700 g (molecular weight "cut off point" 25 kD). The residues, the low molecular weight factors (LMWF),
were dissolved in phosphate buffered saline (PBS) and stored at -70 °C until further use.

The capability of the serum fractions to inhibit the clustering of healthy donor dendritic cells was determined
by incubating the dendritic cells (5 X 10%) and T cells (5 X10%) in medium alone or in medium with the
LMWE (final dilution 1:6, 4h, 37°C, 5% CO,). Serum fractions were tested in triplicate. The percentage
of inhibition was calculated as follows:
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inhibition = (1 - C,/Cy) X 100%

Cy= number of cluster in medium alone
C,= number of clusters in medium with LMWE

Determination of the p15E-like character of patient LMWF’s

To validate the p15E-like character of the LMWEF’s in human serum, adsorption experiments were carried
out by neutralizing the serum fractions before testing in the cluster assay with a mAb directed against p15E
(19F8), in a final dilution of 1:200 (25 pg/ml) at 4°C for 16h, followed by Amicon ultrafiltration to remove
formed immunecomplexes: this adsorption /neutralizing procedure was carried out twice (30). Adsorption
experiments carried out with the mAb 4F5 or with 4F5 and 19F8 together did not show any difference in
neutralizing the serum fractions with 19F8 alone. Control experiments were carried out with the isotype
matched control mAbs.

Immunofluorescence

Cells were sequentially incubated (PBS containing 1 % BSA and 0.01% sodium azide) with appropriate
dilutions of the different mAb and FITC-conjugated rabbit anti-mouse Ig (Dakopatts, Copenhagen, Denmark)
for 30 min at O °C. Fluorescence intensity was measured by FACStar (Becton Dickinson, Mountain View,
CA).

Electron microscopy

Blood DC suspensions were fixed overnight in 1.5% glutaraldehyde in phosphate buffer (0.09 M, pH 7.4)
at 4°C. After postfixation in 1% OsO, in phosphate buffer for 1h at 4°C, the cells were pelleted in 1% agar
and subsequently dehydrated and embedded in an Epon/Araldite mixture. Ultrathin sections were stained with
lead citrate and uranyl acetate and examined in a Philips EM 301 electron microscope at 40 or 60 KV.
Hereafter, the DC of patients and controls were scored tor their size, outline, nucleus-cytoplasm ratio, the
localization and number of different cell organelles (i.e. mitochondria, Golgi-apparatus, smooth and rough
endoplasmatic reticulum, presence/absence of phagolysosomes).
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Statistics

250
Statistical analysis was performed by the 2 200
Student’s i-test. v
7 150 . .
3 i 3 H‘H{"- _“:‘ »
100 | . b .
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The cluster capability of DC was difBBt]y % INHIBITION OF PATIENT'S LMWF
assayed after isolation of the DC from the Figure 3: The inverted correlation (coefficient:-0.48, p<0.001) between
blood of patjen[s and healthy controls. the clustering of patients’s DC (all groups) and the inhibitory activity of

patient’s LMWF on clustering of DC of healthy controls. The values are

The results are shown in figure 1. In all given for individual patients.

tested patient groups, the cluster

capability is significantly (p <0.001) decreased compared to the values found in healthy controls; PCD: 75.5
+ 27.4 (mean + sd), PPN: 88.8 + 33.9, CPR: 97.0 + 35.2, controls: 152.0 + 29.3. Differences between
the patients groups were not statistically significant.

Inhibition of the cluster capability of healthy donor DC by low molecular weight -retroviral like-
proteins present in patients’ serum

The results of the inhibition of the cluster capability of healthy donor DC by LMWF present in serum of
patients with chronic recurrent infections of the upper airways are shown in figure 2. The LMWF of patients
with PCD, PPN and CPR all showed significant (p < 0.001) inhibiton of the DC clustering compared to the
inhibitory activity of LMWF found in healthy controls; PCD: 50.1 + 6.0 (mean + sd), PPN: 40.3 + 17.2,
CPR: 43.0 + 6.1, controls: 4.3 + 6.1.

After neutralizing the serum fractions with a p15E specific mAb (19F8) before testing in the cluster assay,
no inhibition on DC cluster capability

could be detected (figure 2). Therefore, the inhibition of patients’ LMWFs on DC cluster capability was
caused by the presence of p15E-like proteins in the LMWFs.

Figure 3 shows the inverted correlation (-0,48, p <0.001) between dendritic cell clustering and the inhibitory
activity of LMWF’s in patients’ serum,
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Figure 4a: Expression of surface antigens on blood DC of patients with ity 1 & Centudl. Spal of

PCD, PPN or CPR. Blood DC were isolated from the peripheral blood variable size and intensity near the
and incubated with mAb against cell surface antigens followed by FITC- nucleus. Figure 4a and 4b shows the
conjugated goat anti-mouse Ig. No differences were observed between the A _ _ ;

patient groups. reactivity of blood DC, from patients and

healthy controls respectively, with
different mAbs. Molecules clearly expressed at the cell surface of isolated blood DC were: LFA-la
(CDl11a) and LFA-16 (CD18); ICAM-1 (CD54); CD44; HLA-ABC; HLA-DR and RFDI1. There was no
difference in reactivity with the mAbs between blood DC isolated from patients (PCD, PPN, CPR) or from
healthy controls.

Electron microscopy

No distinct morphological differences were observed between the blood DC isolated from patients and from
healthy controls. In general, ultrastructural analysis showed an irregular plasma membrane. They sometimes
possessed moderately smooth surface folds or lamellipodia, which never contained cell organelles. Other
cells showed blunt pseudopodia of varying length. The nucleo-cytoplasmatic ratio varied from 1:1 to 1:3.
Frequently, the nuclei were reniform with many indentations, sometimes containig nucleoli. The karyoplasm
was euchromatic with some condensations against the nuclear envelope. DC also contained bundless of
microfilaments near the nuclear indentations, mitochondria, polyribosomes and some strands of rough
endoplasmatic reticulum (RER). The cells frequently contained vacuoles, especially near the cell surface.
In some cases a cytocentre was observed surrounded by large numbers of small smooth-surface vesicles with
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Discussion

Defects in cellular immunity are reported
in patients with chronic infections of the
upper respiratory tract (1-5). These
defects could be related to the presence of
immunosuppressive retroviral pl5E-like FRUMBERLENCR

proteins in the serum of these patients Figure 4b: Expression of surface antigens on blood DC of healthy
(4,5). plSE, a transmembraneous controls. Blood DC were isolated from the peripheral blood and incubated

envelope protein present in retroviruses, ;vg:!lrnmoAuI:eafg;inSt cell surface antigens followed by FITC-conjugaled goat
plays an important role in the suppression

of the immune response as seen in retroviral infection (6-8).

In our present study we have examined the cluster capability of blood DC from patients with chronic
infections of the upper airways. In the three patients’ groups (PCD, PPN, CPR) decreased cluster capability
of blood DC was detected. Furthermore, the retroviral pl15E-like proteins present in the serum of these
patients had inhibitory activity on the cluster capability of healthy donor DC, We could find an inverted
correlation of -0.48 (p<0.001) between impaired cluster capability and the presence of p15E-like serum
proteins. DC play a key role in the induction of the immune response as antigen-presenting cells (9-12).
They form clusters with T cells and this process is in the initial phase antigen independent (13). Since it is
known that adhesion receptors play a critical role in the DC-T cell adhesion (13-16), we analyzed the
expression of adhesion receptors on the surface of blood DC of these patients (Table 1). This analysis
revealed that the cells express (LFA)-1 (CD11,/CD18), ICAM-1 (CD54) and CD44. However, no difference
in expression was detected as compared to blood DC of healthy donors.

Furthermore, incubation of healthy donor DC with patients’ retroviral p15E-like LMWF did not significantly
diminish the expression of the adhesion receptors (data not shown), despite significant inhibition of the
dendritic cell cluster capability. The p15E-like LMWF might influence an additional adhesion pathway since
it is known that anti-LFA-1 antibodies do not completely prevent binding of T cells to blood DC (16).
Another mode of action can be that the p15E-like LMWF inhibit the activation status of these receptors or
interact with intracellular signal pathways. Recently, it has been shown that a retroviral p15E derived

2
:
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Figure 5: Electron microscopical photograph of a patients’ blood DC. The
cell has an irregular outline with lamellipodia (=L) and the nucleus (=N)
is eccentrically localized, M = mitochondria, V = vacuole, Magnificalion
x 4200.

hexapeptide can inhibit the intracellular
Ca®>* changes in monocytes in response to
fMLP (31).

An explanation of the diminished cluster
capability could not been found in
morphological changes of the patients’
DC as studied by immunocytochemistry
and electron microscopy. Ultrastructural
analysis of patients’ blood DC showed no
significant difference in the presence of
cell organelles as compared to the blood
DC of healthy donors.

In conclusion, patients with chronic
infections of the upper respiratory tract
have defects in the cellular immunity. We
showed that blood DC from these patients
have a decreased cluster capability, and
that the presence of immunosuppressive
retroviral pl15SE-like proteins in the serum

of these patients could be related to this phenomenon. These results indicate that even at the stage of in the

induction of the immune response defects are present.
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Summary

Defects in cellular immunity, viz. decreased dendritic cell cluster capability, decreased monocyte polarization
and defective hypersensitivity (type V) skin tests upon commensal bacterial antigens, are found in patients
with chronic upper airway infections. Low molecular weight, retroviral pl15E-like proteins, present in
patients’ serum play a major role in the pathogenesis of these defects. Moreover, it has been shown that the
expression of p15E-like proteins is high in chronic inflamed nasal mucosa.

In the present study, we show that the inhibitory effects on monocyte chemotaxis of healthy donor monocytes
of retroviral p15E-like proteins in serum of patients with chronic upper airway infections (polyposis nasi,
chronic purulent sinusitis) after treatment (endoscopic sinus surgery with removal of the inflamed mucosa
and postoperatively topical steroids) decreased. This decrease of inhibitory activity is associated with
improvement of the earlier mentioned defects in cellular immunity. Our results support the concept that the
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chronically inflamed nasal mucosa is the production site of retroviral p15E-like proteins in chronic upper
airway infections causing defects in cellular mediated immunity and thereby aggravating the infections.

Introduction

p15SE, the retroviral transmembrane envelope protein, mediates immune dysfunction as seen in retroviral
infection (1-4). This suppression involves in particular lymphocyte blastogenesis, lymphokine secretion and
monocyte chemotaxis. Low molecular weight serum factors (LMWF) (Mw <25kD) which are structurally
and functionally related to p15E have been found in patients with chronic infections of the upper respiratory
tract (5-8). The presence of these proteins in patients’ serum could be related to the defects in cellular
immunity found in these patients (5,8). These defects i.e. impaired chemotactic responsiveness of monocytes,
decreased cluster capability of blood dendritic cells and impaired delayed type hypersensitivity (type IV) skin
reaction upon commensal bacterial antigens, have been reported earlier (5,8-11).

Since the expression of p15E-like proteins is predominantly limited to the mucosa of the upper airways, and
is significantly higher in patients with chronic infections of the upper respiratory tract than in healthy
controls (7), it has been suggested that the inflamed nasal mucosa is the praduction site of p15E-like proteins
in patients with chronic upper airway infections. Therefore, surgical removal of the inflamed mucosa should
decrease the presence and bioactivity of retroviral pI5SE-like proteins in the serum of these patients and
subsequentially restores the cellular immune defects.

The present study reports a prospective follow-up study during a period of 1 year of patients with chronic
upper airway infections who underwent endoscopic sinus surgery followed by topical corticosteroids. In this
period we measured the inhibitory activity on chemotaxis of healthy donor monocytes of the retroviral p15E-
like serum proteins at several times postoperatively. Furthermore, 6 months after surgery, monocyte- and
dendritic cell function were determined and compared with the preoperative values. In addition, control nasal
mucosa biopsies were taken 6 months after surgery. The results were related to the subjective complaints
of the patients and the presence of p15E-like serum proteins.
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Material and methods

Patients and healthy controls

In this study, 2 different patient groups with
chronic infections of the upper respiratory tract
were evaluated and compared with healthy controls.
a. Patients with Polyposis Nasi (PPN) i.e. recurrent
upper airway infections, with normal functioning

Tissue Positive/tested
nasal mucosa of healthy controls
-concha inferior 10/12!
-concha media 6/12"

Table Ia: Frozen tissue reactivity of mAbs directed against
PISE with normal nasal mucosa.

Positive staining in basal cell layer of respiratory epithelium.
More than 75% of the cells showed a staining intensity from
+/++.

cilia, and the presence of nasal polyps at the

moment of surgery or endoscopic examination (n=22, 12 females, 10 males, ages ranging from 18-61 years,
mean 42 years). Serum samples were taken preoperatively, 6 months and 12 months after endoscopic sinus
surgery. From 10 patients, monocyte chemotaxis and dendritic cell clustering was performed preoperatively
and 6 months after surgery. In addition, from 5 of these 10 patients biopsies of the middle turbinate and
polyps were taken at the time of surgery and after 6 months. During the first three months of the follow-up
period all patients were treated with topical corticosteroids (budesonide 400 pg daily). An IgE-mediated
allergy for common inhalation allergens, i.e. positive skintests (diameter > 2 mm) and/or RAST class >2
(0.35 PRU/ml) was present in 20% of the patients.

b. Patients with Chronic Purulent Rhinosinusitis (CPR) i.e. recurrent upper airway infections not responding
to adequate antibiotic treatment or surgical procedures, with normal functioning cilia, but without the
presence of nasal polyps at the time of surgery or endoscopic examination (n=17, 9 females, 8 males, ages
ranging from 15-66 years, mean 33 years). Serum samples were taken preoperatively, 6 months and 12
months after endoscopic sinus surgery. From 13 patients, monocyte chemotaxis and dendritic cell clustering
was performed preoperatively and 6 months after surgery. In addition, from 5 of these 13 patients biopsies
of the middle turbinate were taken at the time of surgery and after 6 months. During the first three months
of the follow-up period all patients were treated with topical corticosteroids (budesonide 400 ug daily). An
IgE-mediated allergy for common inhalation allergens, i.e. positive skintests (diameter > 2 mm) and/or
RAST class >2 (0.35 PRU/ml) was present in 22% of the patients.

The patients groups were compared to healthy controls (n=20, 9 temales, 11 males, ages ranging from 22-
44 years, mean 33 years) without known diseases.

The leucocyte counts of all patients and the healthy controls were within normal range. In addition, the
serum levels of immunoglobulins were also within normal range and specific immunoglobulins to bacterial
antigen (H. influenza) were present.
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Tissue Positive/tested

Monoclonal antibodies
0 6

The mAb used were: 4F5(IgG2a) (12) and 19F8(IgG2b)
_ . t (13) both specific for p15E but recognizing different

inflamed mucosa in CPR 1717 45 epitopes (12); Control mAb were an IgG2a and IgG2b,
Table 1b: Frozen tissue reactivity of mAbs directed secre?ed i H'IIOUSG Ryslo 1.31'17 g MPC”'O.UA
against pISE with inflamed nasal mucosa of patients cell lines respectively, both obtained from the American

with PPN and CPR at the time of surgery (t=0) (PPN: Type Culture Collection (ATCC, Rockville, Maryland).
nasal polyps; CPR: middle turbinate) and 6 months 2

postoperatively (t=6) (PPN and CPR: middle

turbinate).

! Positive staining in basal cell layer of respiratory

epithelium. More than 75% of the cells showed

staining intensity from +/+ +. Immunoperoxidase staining

inflamed mucosa of nasal polyps g2/23!  5I5}

Four micrometer thick sections of frozen tissue blocks were prepared with a cryostat (Jung-Reichert,
Nussloch, FRG), mounted on poly-L-lysine coated glass slides, air dried, and acetone-fixed during ten
minutes at room temperature. The sections were incubated for 60 min at room temperature with mAb,
washed, and incubated for 30 min at room temperature with horseradish peroxidase conjugated Rabbit-anti-
mouse IgG (Dakopatts, Denmark) in the presence of 5% normal human serum. Subsequently, the sections
were weakly counterstained with hematoxylin.

Tissue reactivity was scored for the percentage of positive staining cells and the intensity of staining (-
=negative, + =very weak, +=weak, + + =strong). In the negative scored tissue samples, there was no
reactivity present with the anti-pISE mAbs or there were no differences in reactivity between the anti-p15E
mAbs and the respective control mAbs.

T cells

Mononuclear cells were isolated by Ficoll-Hypaque (Pharmacia, Uppsala, Sweden) density gradient
centrifugation. Monocytes were removed by adherence on plastic petri dishes (Falcon Plastics, Oxnard, CA)
for 1h at 37°C. The non-adherent cells were depleted of B cells by a panning technique (14). In brief, plastic
dishes were coated overnight with 1/100 diluted F(ab’), goat anti-human Ig (Tago, Burlingame, CA) in 0.05
M Tris-HCL buffer, pH 9.5. Per coated plate, 1 X 107 mononuclear cells were applied. The plates were
incubated at 4°C for 1h and the nonadherent cells were harvested. The percentages of slg" and CD2"
lymphocytes in the T cell-enriched fraction were determined by immunofluorescence. T cell-enriched
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populations contained >90% CD2* and <5% surface

i Complaints 0 6 12
Ig* cells.
nasal obstruction 87% 12% 14%
rhinorrhoea 73 % 6% 21%
Isolation of blood dendritic cells smell disturbances 67% 24% 36%
headache 47% 18% 14%
DC were isolated from the peripheral blood according to Kyl , _
. . L} b Ve -
Knight et al (15). In brief, mononuclear cells were PO REISR IR *
separated from heparinized blood by Ficoll-Hypaque recurrence - 29%  36%
density gradient centrifugation. From these mononuclear _ . _
cells the adherent cells were removed by incubation on Table 2: Complaints of patients with PPN before (0) and

. E . 6 months (6) and 12 months (0) after endoscopic sinus
plastic dishes (Falcon) for 90 min. The nonadherent surgery.

cells were isolated using a 14.5% (w/v) hypertonic

metrizamide gradient. The adherent cells and the cells in the pellet for the metrizamide gradient were
incubated on plastic dishes for a further 16h (37°C, 5% CO,). From the newly nonadherent population the
cells were again isolated on metrizamide. All low-density cell populations were pooled and these contained
60%-80% cells with a dendritic morphology. The isolation of the cells was carried out in medium (RPMI
1640 with 25mM Hepes buffer (Gibco, Grand Island, NY) supplemented with 10% heat-inactivated fetal calf
serum (Hyclone Laboratories Inc., Logan, UT), 100 U/ml of sodium penicillin G (Gist Brocades NV, Delft,
The Netherlands), and 100 U/ml of streptomycin sulfate (Pharmachemie BV, Haarlem, The Netherlands).

Dendritic cell clustering

The cluster assay as described by Austyn et al (16) was performed with modifications (17). 5 X 10* DC were
incubated (4 h, 37 °C, 5% CO,) with 5 X 10° allogeneic T cells isolated from healthy donors in 250 ul flat-
botommed wells (Costar, Cambridge, MA). Incubation of the cells was carried out in medium. Formed
clusters (aggregates of 5 or more cells), which consist of DC and T cells, were counted by 2 persons
indepently of each other using an inverted microscope (Zeiss, Oberkochen, FRG; magnification X 200) and
values were expressed as the number of clusters per 6 microscopic fields.
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Isolation of patients’ blood monocytes

Complaints 0 6 12

nasal obstruction 59% 15% 33% Peripheral blood mononuclear cells were isolated by

—_—h 67% 15% 33% Ficoll—lsopaqL_le {Pha{macia, D‘iagnc)f;tics AC, Upps?-ala,
Sweden) density gradients centrifugation and sequentially

smell disturbances 22% 15% 0%

washed twice in phosphate buffered saline (PBS), pH=
hieadache 63% 31%  11% 7,4, containing 0,5% bovine serum albumin (BSA) and
counted in suspension employing positive staining with
non-specific esterase (NSE) (18). The percentage of
recurrence - 23%  23% NSE-positive cells varied from 5-25%. An enrichment
_ _ ’ for the monocytes in the Ficoll-Isopaque isolated fraction
e e T petre s was obtained by Percoll (Pharmacia, Diagnotics AC,
surgery. Uppsala, Sweden) gradient centrifugation (19).

After washing, the pellet containing the monocytes was
resuspended in medium (RPMI 1640 supplemented with 10% fetal calf serum (Gibco, Breda, The
Netherlands)) and carefully underlayed with an equal volume of Percoll 1,063. After centrifugation (40
minutes, 450 g) the cells were collected from the interface, washed twice in medium (10 minutes, 500g) and
counted: the suspension now contained 70-95% NSE-positive cells.

subjective improvement - 2% 89%

Polarization Assay

The Cianciolo and Snyderman assay (20) was performed with slight modifications (21). Aliquots (0,2 ml)
of the Percoll purified cell suspension containing 0,2 x 10° monocytes were added to 12-75 mm
polypropylene tubes (Falcon Labware Division of Becton Dickinson Co, Oxford, CA, USA) containing 0,05
ml of either medium alone or medium with N-formyl-methionyl-leucyl-phenylalanine (fMLP) in a final
concentration of 10nM. All experiments were carried out in triplicate. The tubes were incubated in 37°C in
a waterbath for 15 minutes. The incubation was stopped by addition of 0,25 ml icecold 10% formaldehyde
in 0,05% PBS, pH=7,2. The cell suspensions were kept at 4°C until counting in an hematocytometer using
an ordinary light microscope (Zeiss, Germany magnification X 250). The test was read "blindly’ by two
persons: 200 cells were counted from each tube. A cell was considered to be ’polarized’ if any of the
following characteristics were encountered : elongated or triangular shape, broadened lamellopodia,
membrane ruffling. The percentage of polarized cells was calculated as follows:

% total cell polarized
X 100%
% NSE-positive cells
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Lymphocytes do not exhibit any
polarization activity in this assay (20).
The chemotactic responsiveness of a
monocyte population is expressed as the
percentage polarized cells in the presence
of fMLP minus the percentage of
polarized cells in the absence of fMLP.
The assay has proven to be a rapid
method to measure chemotaxis and
outcomes of the assay correlate well with
outcomes of the conventional Boyden
chamber assay to measure chemotaxis to
casein (21). PPN CPR

Figure 1: DC cluster assay. The clustering of blood DC of patients with

PPN and CPR preoperatively (1=0) and 6 months after endoscopic sinus

. ] surgery (t=6). The values are given for individual patients. The hatched
Monocyte isolation from healthy donors area is given for the values found in healthy contrals (mean + sd).

100

50

number of clusters

From four different healthy donors monocytes were isolated from the peripheral blood. Buffy coats from
500 ml of human blood were obtained after informed consent from healthy donors. The monocytes were
purified by successive isopycnic centrifugation and elutriator centrifugation as previously described (22) with
minor modifications (23). These healthy monocytes were used to test the effects of patients’ serum fractions.

Determination in patient serum of low molecular weight factors inhibiting the polarization of healthy
donor monocytes (bioactivity of p15E-like serum proteins)

Sera were collected from patients by venapuncture and diluted 1:1 in saline. These dilutions were subjected
to ultrafiltration through Amicon CF25 Centriflo cones (Amicon Corp., Danvers, USA) for 15 minutes at
700 g (molecular weight "cut off point" 25 kD). The residues, the low molecular weight factors (LMWE),

were dissolved in phosphate buffered saline (PBS) and stored at -70 °C until further use.

The capability of the serum fractions to inhibit fMLP-induced polarization of healthy donor monocytes
(elutriator purified) was determined by incubating the monocytes (1X10°ml) for 15 minutes at 37°C, either
with fMLP alone or with fMLP in combination with a serum fraction (final dilution 1:60). The percentage
of inhibition was calculated as follows:
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Figure 2: Monocyte polarization assay. The IMLP-induced polarization of
monoeytes from patients with PPN and CPR, preoperatively (t=0) and 6
months after surgery (t=6). The values are given for individual patients,
The hatched area is given for the values found in healthy controls (mean
+ sd).

Determination of the p1SE-like character of patient LMWF’s

Py - Py

inhibition= ( 1 ——— ) X100%
PJ 21 Pﬂ

P,= % spontaneously polarization

P,= % polarization after incubation with
fMLP alone

P,= % polarization after incubation with

fMLP and LMWF

Serum fractions were tested in triplicate.
Addition of serum fractions to non-
stimulated (fMLP) donor monocytes did
not affect the spontaneous polarization.

To validate the p15E-like character of the LMWF’s in human serum, adsorption experiments were carried
out by neutralizing the serum fractions before testing in the monocyte polarization assay with a p15E specific
monoclonal antibody (19F8) in a final dilution of 1:200 (25 ug/ml) at 4°C for 16h, followed by Amicon
ultrafiltration to remove formed immunecomplexes. This adsorption /neutralizing procedure was carried out
twice (21). Adsorption experiments carried out with the mAb 4F5 or with 4F5 and 19F8 together did not
show any difference in neutralizing the serum fractions as with 19F8 alone. Control experiments were

carried out with the isotype matched control mAbs.

Statistics

Statistical analysis was performed by the Student’s t-test.
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Results

§0
Reactivity of anti-PISE mAbs with 50
nasal polyps and chronic inflamed nasal & a8
mucosa 2

% ao S eV

In this study, immunohistochemical ; . AN
staining was performed on frozen o ARt s
sections. Reactmtylot but}} anti-p15E 10 / . ////////y//f}{/{%’/j’///f////ﬁ% %
mAbs was seen with respiratory and
squamous epithelium of nasal polyps o el Ty i -
(patients with PPN) and of the middle o P —— .

- a : igure Ja: Inhibition o -induced polarization of healthy donor
turblqat_e (delentS Wlthl CPR) (table 1). monocytes by Iil\]dWF of patients with PPN, preoperatively (t=0), 6
Reactivity with the anti-plSE mAb was months (t=6) and 12 months (t=12) after surgery respectively, The
also observed in the respiratory hatched area is given for the values found in healthy controls (mean + sd).

epithelium of nasal mucosa of healthy controls, however the intensity of the staining was less intense (table
2). Reactivity with the anti-p15E mAb was seen in almost all biopsies from the middle turbinate of patients
with PPN and CPR, taken 6 months after surgery, and the intensity of staining could be compared with the
intensity seen in healthy controls. There was no difference of staining pattern between the anti-plSE mAb
4F5 and 19F8, although the reactivity with the 4F5 mAb was more intense.

Dendritic cell clustering

The cluster capability was assayed directly after isolation of the DC from the blood of patients and healthy
controls. From 10 patients with PPN and 13 patients with CPR the DC cluster assay was performed
preoperatively and 6 months after surgery. The results are shown in figure 1. The DC clustering measured
6 months after surgery was in both patient groups significantly (p<0,01) higher (PPN: 108.3 + 21.2; CPR:
123.6 + 25.8) when compared to the values preoperatively (PPN: 81.0 + 24.7; CPR: 87.0 % 24.8). The
increase of cluster capability was in patients with CPR higher than in patients with PPN (p<0,01 vs
p<0,05). However, the cluster capability of DC 6 months after surgery is still significantly (p <0,01) lower
when compared with the values found in healthy controls (152.0 £+ 29.3).
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Monocyte polarization

50

w— The monocyte polarization assay was
. B performed directly after monocytes were
S 30}t isolated from the blood of patients and
- healthy controls. From 10 patients with
-: 20 PPN and 13 patients with CPR, the assay

was performed preoperatively and 6
months after surgery. Figure 2 shows the
results. The monocyte polarization, 6
months after surgery, was in both patient
groups significantly (p<0,01) higher

Figure 3b: Inhibition of fMLP-induced polarization of healthy donor PN: 1+ 52 (m + gd): CPR:
monocytes by LMWF of patients with CPR, preoperatively (t=0), 6 !5 L1 & (mean. & sd); :

months (t=6) and 12 months (1=12) after surgery respectively. The 32.8 + 7.7), when compared to the
hatched area is given for the values found in healthy controls (mean + sd). preoperatively values (PPN: 22.5 + 6.3;

CPR: 20.5 + 7.0). The values found in patients with PPN, 6 months after surgery, were still significant
(p<0,01) lower when compared to the values found in healthy controls (37.4 + 7.0).

3 % ..1:-_—-—-
e "g/..\ IIII;ZZW/‘}/'///’;’/

t=Q i=6 fm12

10

o

Influence of low molecular weight -retroviral like- serumfactors on fMLP induced monocyte
polarization

The results of the inhibition of the fMLP induced polarization of healthy, elutriator purified, donor
monocytes by LMWF present in serum of patients with PPN and patients with CPR are shown in figure 3a
and 3b, respectively. The LMWF of patients with PPN and CPR isolated from the serum preoperatively all
showed significant (p <0,001) inhibition of fMLP induced monocyte chemotaxis (PPN: 36.7 + 12.4; CPR:
34.4 + 9.4, respectively) compared to the inhibitory activity of LMWF found in the serum of healthy donors
(12.0 £ 4.9). In both patient groups a clearly significant (p<0,001) decrease of inhibitory activity was
observed in the LMWEF isolated from patients” serum 6 months (PPN: 23.0 + 7.1; CPR: 18.8 + 6.1) and
12 months (PPN: 16.7 + 7.5; CPR: 17.1 + 5.3) after surgery. However, the inhibitory activity of patients’
LMWF isolated 12 months after surgery still showed more activity than the activity of LMWF found in the
serum of healthy donors (p <0,05). Three patients with PPN had an increase of p15E-like bioactivity after
6 months. Recurrence of small polyps was seen in two of these three patients. Furthermore, one patient with
PPN who had an increase of p15E-like inhibitory activity in the serum 12 months after surgery, as compared
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with 6 months after surgery, suffered from
rhinitis for 2 weeks before testing. An
increase of p15E-like inhibitory activity was
accompanied with a recurrence rate of nasal
polyps of 66% (2 of 3 patients), whereas a
decrease of p15E-like inhibitory activity was
accompanied with a recurrence rate of nasal
polyps of 10% (2 of 20 patients). In patients
with CPR, only one patient showed an
increase of plSE-like serum activity. A
clinical explanation could not be found.
The inhibition was caused by the presence of
p15E-like proteins in the LMWF’s, since
after neutralizing the serum fractions with

a pl5SE specific mAb (19F8) before
testing in the monocyte polarization no
inhibition could be detected (Fig. 4).

Clinical features
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Figure 4: The p15E-like character of the inhibition of fMLP-induced
polarization of healthy donor monocytes by LMWF of patients with PPN
and CPR is validated by performing the polarization assy with LMWF
after adsorption with anti-pl1SE mAb (19F8) or control mAb (emAb)
(mean £ sd).

The clinical data of patients with PPN and CPR are given in table 2 and table 3, respectively. In both patient
groups, the majority of the patients were satisfied with the postoperative results. The recurrence rate of nasal
polyps, as demonstrated with nasal endoscopy, at 6 and 12 months after endoscopic sinus surgery was 29%
and 36%, respectively. 23% of the patients with CPR had recurrent inflamed mucosa.
The values of the performed assays (monocyte polarization, dendritic cell clustering, inhibitory effects of
p15E-like proteins) found in patients with IgE-mediated allergy, did not show any significant differences
when compared to the values found in patients without IgE-mediated allergy. Furthermore, profound
differences in expression of plSE-like proteins in nasal mucosa, between patients with and without IgE-

mediated allergy, could not be observed.
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Discussion

P1SE, the retroviral transmembraneous envelope protein, plays an important role in the suppression of the
immune system as seen in retroviral infections (1-4). The expression of retroviral pl15E-like proteins is
demonstrated in chronic inflamed nasal mucosa, and is high enough to produce detectable serum levels. This
is seen e.g. in patients with PPN and CPR (7). These pl15E-like proteins are related to the presence of
defects in cellular immunity in patients with chronic upper airway infections (5,8).

This study shows that the p15E-like bioactivity in patients’ serum decreases after removal of the inflamed
mucosa by functional endoscopic sinus surgery. Supplementary effects of the application of topical steroids
is proposed, since it is known that corticosteroids reduce the inflammatory reaction by inhibition of cytokine
release (24). In addition, restoration of the cellular immune defects (monocyte chemotaxis, dendritic cell
clustering), which are related to the presence of p15E-like proteins, was observed. Additional effects of IgE-
mediated allergy could not be observed. The expression of plSE-like proteins in biopsies of the middle
turbinate 6 months after surgery is low and could be compared with the intensity seen in normal nasal
mucosa. These data support the concept that the inflamed (para)nasal mucosa in chronic upper airway
infections is the major production site of retroviral p15E-like proteins, which subsequently cause defects in
cellular immunity. Removal of the mucosa and treatment with topical corticosteroids is followed by a
decrease of pl15E-like activity in patients’ serum, which results in restoration of the defects in cellular
immunity.
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Chapter 7

General Discussion and Conclusions

In this thesis the presence of pl1SE-like proteins and their related defects in cellular immunity in chronic
upper airway infections are described. The main conclusions are:

1y The expression of pI15E-like proteins in human tissues is limited to the epithelia of the respiratory
tract.

2. In chronic upper airway infections, the chronically inflamed mucosa of the upper respiratory tract
is the main production site of p15E-like factors.

3. p15E-like proteins are associated with defective monocyte polarization and dendritic cell clustering,
seen in patients with chronic upper airway infections.

4. Treatment of chronic upper airway infections by endoscopic removal of chronically inflamed mucosa

and postoperative application of topical corticosteroids, results in reduction of the inhibitory activity
of p15E-like proteins and subsequently in improvement of monocyte polarization and dendritic cell
clustering.

Patients with chronic upper airway infections

In this study several patient groups, all characterized by chronic upper airway infections, were analyzed.
These groups consist of: patients with primary ciliary dyskinesia (PCD), a congenital disorder of respiratory
cilia, resulting in absence of mucociliary clearance and, as a consequence, in chronic respiratory infections;
patients with chronic rhinosinusitis, with normal functioning cilia and with nasal polyps (PPN); patients with
chronic rhinosinusitis with normal functioning cilia but without nasal polyps (CPR). The main clinical
complaints of these patients were purulent nasal discharge, nasal obstruction, impairment of smell and
headache. In all patient groups, p1SE-like serum proteins and defects in cellular immunity could be
demonstrated. These defects were of the same magnitude. Thus, these defects are not related to one specific
kind of upper airway disease (CPR), but related to chronic inflammatory reactions of the upper airways in
general. The observation that p15E-like proteins are present in patients with PPN and CPR (both acquired
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diseases) and also in PCD, in which the chronic upper airway infections are caused by congenital defective
mucociliary clearance, suggests that the production of pI5E-like proteins is a result of the inflammatory
reaction in the upper airway mucosa itself. [gE-mediated allergy does not have an enhancing effect; there
were no significant differences observed in patients with an IgE-mediated allergy when compared to patients
without an IgE-mediated allergy.

The presence of p15SE-like proteins in the serum of patients with chronic upper airway infections could be
related to diminished monocyte polarization and diminished cluster capability of blood dendritic cells. The
inhibition of monocyte polarization might be caused by receptor-antagonism of N-formylpeptides (1).
Additional immunosuppressive sites may be present since plSE-like proteins also inhibit monocyte
polarization induced by Zymosan-stimulated human serum and lymphocyte-derived chemotactic factor (2).
pl5E-like immunosuppressive effects are already present at the level of the induction of the immune
response, since DC clustering is inhibited by these proteins, However, the exact mechanism of diminished
clustering caused by p15SE-like proteins is not elucidated yet. The early, antigen-independent, association of
dendritic cells and T cells is mainly mediated via the LFA-1/ICAM-1 pathway. p15E-like proteins do not
change the expression of adhesion receptors on the cell surface. These factors might influence additional
adhesion pathways or interfere with the activation status of adhesion receptors or intracellular signal
pathways. Evidence for the latter is given by experiments in which p15E-related synthetic hexapeptides
showed interference with intracellular Ca®>* changes in monocytes in response to fMLP (1).

The role of retroviral p15E in upper airway infections

We have demonstrated that in healthy persons the expression of pl5E-related proteins is limited to the
epithelia of the upper respiratory tract. Increased expression was seen in inflammatory diseases of the
airways and in squamous cell carcinoma of the head and neck region. The expression correlates well with
the presence of p15E-like proteins in patients’ serum. Removal of the inflamed upper airway mucosa and
additional treatment with topical corticosteroids were associated with a decrease of P15E-like inhibitory
effects in serum fractions. Furthermore, we tested in a limited number of patients with nasal polyps whether
pl5E-like proteins could be isolated from the polyps (Scheeren, unpublished data). From these tissues, we
could isolate low molecular weight factors (LMWE’s) which exerted the same inhibitory effects as the p15E-
like serum proteins. The inhibition of LMWF’s isolated from nasal polyps was caused by the presence of
p15E-like proteins in the LMWF’s, since after neutralizing the LMWEF’s with monoclonal antibodies directed
against p15E before testing in the assays no inhibition could be detected. Thus, it appeared that the inflamed
upper airway mucosa is the production site of p15E-like proteins in chronic upper airway infections.

p15E-like proteins could not be detected in the sera of patients with chronic inflammatory bowel disease or
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chronic dermatitis. Furthermore, patients with squamous cell carcinoma of the lung or cervix,
adenocarcinoma, melanoma or lymphoma did not express pl15E-like proteins in either tissues or serum.
These observations suggest that p15E-like proteins play only a significant role in (upper) airway disease. The
immunosuppressive effects of p15E-like proteins and their related defects in cellular immunity can result in
an inadequate immune response with the persistence of the inflammatory reaction. In malignant disease, it
has been suggested that p15E-like proteins are one of the factors responsible for the diminished capacity of
macrophages to invade tumors, a phenomenon assumed to represent an important mechanism in tumor
rejection.

In addition, the presence of p15E-like proteins has also been demonstrated in the sera of patients with
autoimmune diseases (Graves’ disease, insulin-dependent diabetes mellitus). The origin and role of p15E-like
proteins in these diseases are not clear yet (3).

The origin of human p15E-like factors

Several observations support the idea that human pl5E-like proteins might be of endogenous origin. The
expression of pl1SE-like proteins has been demonstrated in non-virus induced tumors and tumor cell lines
(4-6) as well as in chronic inflamed tissue (7.8). During tumorigenesis and chronic inflammatory reactions,
endogenous retroviral env-genes may be activated. Env-genes of human endogenous retroviruses have been
well documented (9). Moreover, env-genes that share homology with retroviral pISE have been found in
human DNA and the presence of mRNA derived from these genes has been detected in most normal human
tissues and tumor cell lines (10-12). However, the exact source of human p15E-like proteins has not been
clarified yet. For that reason, it would be helpful if these human p15E-like factors were purified to
homogeneity. Several efforts, by different laboratories, have been made without any success. The major
reason for these unsuccessful purification efforts might be the very small amounts of p15E-like proteins
present in tissue (head and neck tumors, chronic inflamed upper airway mucosa) or serum. If sufficient
amounts of tissue with p15E-like proteins can be used, purification of these proteins should be successful.
Purified p15E-like proteins enable the acquisition of sequence data, which in turn facilitate cloning of p15E-
related proteins. Future research on human p15E-like proteins should focuss on these aspects.
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Summary

Several factors, such as anatomic abnormalities, defects in mucociliary clearance, modifications of nasal
secretions, defects in humoral and cellular immunity, may contribute to the pathogenesis of chronic
upper airway infections, In patients with chronic purulent rhinosinusitis, defects in cell-mediated
immunity have been found. Furthermore, it has been demonstrated that these defects could be associated
with the presence of proteins related to the retroviral transmembrane (TM) protein p15E.

In this thesis, we have examined the role of p15E-like proteins and defects in cell-mediated immunity in
the pathogenesis of chronic upper airway infections.

In chapter 1, a summary is given of the defense mechanisms of the upper respiratory tract. Furthermore,
the anatomy of the nose and paranasal sinuses is described.

In chapter 2 we studied the immunohistochemical distribution of p15E-related proteins in normal,
inflamed and neoplastic human tissues and correlated the findings with the presence of these proteins in
patients’ sera. Demonstration of p15E-like proteins in sera of patients with upper airway infections and
of patients with head and neck carcinomas correlated exclusively with the presence of p15E in normal
and pathologic epithelium of the upper respiratory tract. p15E was not demonstrated in epithelia of other
localisations. Our results suggest that chronic stimulation or neoplastic transformation of the epithelia of
the upper respiratory tract stimulates the production of p15E-like proteins leading to their reported
immunosuppressive actions.

Chapter 3 describes the presence of partial defects in cellular immunity, i.e. impaired delayed type
hypersensitivity (type IV) skin reactions upon commensal microorganisms of the upper respiratory tract
and impaired chemotactic responsiveness of monocytes in three different groups of patients, all
characterized by chronic upper airway infections: 1) patients with primary ciliary dyskinesia (PCD), a
congenital disorder of respiratory cilia, resulting in absence of mucociliary clearance and, as a
consequence, in chronic respiratory infections; 2) patients with chronic rhinosinusitis, with normal
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functioning cilia and with nasal polyps (PPN); 3) patients with chronic rhinosinusitis with normal
functioning cilia but without nasal polyps (CPR).

Our results show that in all three groups the majority of the patients had defects in cellular immunity
associated with the presence of p15E-like proteins in their serum. These defects were of the same
magnitude. Thus, these defects are not related to one specific kind of upper airway disease but related to
chronic upper airway infections in general.

Furthermore, we studied whether defects could also be found at the induction stage of the immune
response in patients with chronic upper airway infections. In the induction of the immune response,
dendritic cells (DC) play an important role and they initiate T cell responses which occur in cell clusters
of DC and T cells. In chapter 4, the molecular basis of adhesion of T cells to blood DC is described.
Analysis of the expression of adhesion receptors on the cell surface of blood DC revealed that these cells
express LFA-1 (CD11a/18), ICAM-1 (CD54), LFA-3 (CD58), and CD44, but are VLA-4 (CD49d) and
VCAM-1 negative. The LFA-1 pathway was found to play a key role in T cells-blood DC adhesion.
The analysis of the cluster capability of DC of patients with chronic upper airway infections is described
in chapter 5. In all three patient groups (CPR, PPN, PCD) a decreased cluster capability was found and
could be associated with the presence of immunosuppressive retroviral p15E-like serum proteins.
Furthermore, an morphological analysis of dendritic cells by immunocytochemistry and electron

microscopy was performed but a morphological explanation for the impaired DC function could not be
found.

In chapter 6, the improvement of dendritic cell cluster capability and monocyte chemotaxis after
treatment (endoscopic removal of the inflamed mucosa followed by the application of topical corticoste-
roids) in patients with nasal polyps (PPN) and in patients with chronic purulent rhinosinusitis (CPR) is
described. This improvement is related to the decrease of inhibitory activity of p15E-like serum
proteins, These results support the concept that chronically inflamed (para)nasal mucosa is the main
production site of immunosuppressive retroviral p15E-like proteins in chronic upper airway infections
causing defects in cell-mediated immunity and thereby aggravating the infections. Therefore, adequate
treatment of chronic upper airway infections is important.
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Samenvatting

Meerdere factoren, zoals anatomische afwijkingen, verminderd mucociliair transport, veranderingen in de
samenstelling van neussecreet, defecten in de humorale en cellulaire immuniteit, kunnen een rol spelen bij
het ontstaan van chronische bovenste luchtweginfecties. Bij patienten met chronische purulente rhinosinusitis
zijn afwijkingen in de cellulaire immuniteit aangetoond die konden worden geassocieerd met de aanwezigheid
van eiwitten die gerelateerd zijn aan het retrovirale, transmembraneuze, eiwit p15E.

In dit proefschrift wordt de rol van p15E-achtige eiwitten en afwijkingen in de cellulaire immuniteit bij het
ontstaan van chronische bovenste luchtweginfecties besproken.

In hoofdstuk 1 wordt een overzicht gegeven van de afweermechanismen die aanwezig zijn in de bovenste
luchtwegen. Tevens wordt de anatomie van de neus en neusbijholten beschreven.

In Hoofdstuk 2 wordt de distributie van p15E-achtige eiwitten in normaal, ontstoken en neoplastisch humaan
weefsel door middel van immuunhistochemische technieken onderzocht. De resultaten werden gecorreleerd
aan de aanwezigheid van deze eiwitten in het serum van de patienten. De aanwezigheid van p15E-achtige
eiwitten in het serum van patienten met chronische bovenste luchtweginfecties en van patienten met
carcinomen in het hoofd/hals gebied bleek uitsluitend overeen te komen met de aanwezigheid van p1SE in
normaal en pathologisch epitheel van de bovenste luchtwegen. p15E kon niet worden aangetoond in normaal,
ontstoken of neoplastisch epitheel elders. Deze resultaten suggeren dat chronische stimulatie en/of
neoplastische veranderingen van het epitheel van de bovenste luchtwegen de locale productie en uitscheiding
van p15E-achtige immuunsuppressieve eiwitten stimuleren.

Hoofdstuk 3 beschrijft de aanwezigheid van enkele afwijkingen in de cellulaire immuniteit, n.l. verminderde
huidreacties volgens het vertraagde overgevoeligheidstype (type IV) ten aanzien van commensale micro-
organismen van de bovenste luchtwegen en verminderde monocytpolarisatie, bij 3 verschillende patienten
groepen, allen met chronische bovenste luchtweginfecties: 1) patienten met primaire ciliaire dyskinesie
(PCD), een aangeboren afwijking van de trilharen op het epitheel, resulterend in afwezigheid van mucociliair
transport en daardoor in chronische luchtweginfecties (PCD); 2) patienten met chronische rhinosinusitis met
normaal functionerende trilharen en de aanwezigheid van neuspoliepen (PPN); 3) patienten met chronische
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rhinosinusitis met normaal functionerende trilharen en zonder de aanwezigheid van neuspoliepen (CPR). De
resultaten laten zien dat in alle patienten groepen de meerderheid van de patienten afwijkingen hebben in de
cellulaire immuniteit die gerelateerd zijn aan de aanwezigheid van p15SE-achtige eiwitten in het serum van
deze patienten. De afwijkingen waren van dezelfde grootte en kwaliteit. Defecten in de cellulaire immuniteit
zijn dus niet gerelateerd aan een specifieke aandoening van de bovenste luchtwegen, maar gerelateerd aan
chronische hovenste luchtweginfecties in het algemeen.

Naar aanleiding van deze resultaten hebben we onderzocht of er al afwijkingen aanwezig waren op het niveau
van de inductie van de immuunrespons bij patienten met chronische bovenste luchtweginfecties. In de
inductiefase van de immuunrespons spelen dendritische cellen een belangrijke rol door het initieren van T
cel reacties, hetgeen gebeurt in celclusters van dendritische cellen en T cellen. In koofdstuk 4 worden de
adhesiereceptoren beschreven die een rol spelen bij de adhesie van dendritische cellen en T cellen. De
expressie van adhesiereceptoren op het celoppervlak van dendritische cellen werd geanalyseerd. Dendritische
cellen brengen tot expressie LFA-1 (CDI11a/18), ICAM-1 (CD54), LFA-3 (CD58), en CD44 maar zijn
negatief voor VLA-4 (CD49d) en VCAM-1. LFA-1 bleek een grote rol te spelen in de adhesie tusen
dendritische cellen en T cellen.

De analyse van de cluster capacitieit van dendritische cellen van patienten met chronische bovenste
luchtweginfecties wordt beschreven in hoofdstuk 5. In alle patienten groepen (PCD, PPN, CPR) werd een
verminderde cluster capaciteit aangetoond die wederom kon worden gerelateerd aan de aanwezigheid van
immuunsuppressieve pl5E-achtige eiwitten in het serum van deze patienten. Tevens werd door middel van
electronen microscopisch en immuncytochemisch onderzoek gekeken naar de aanwezigheid van eventuele
morfologische veranderingen van de dendritische cellen van patienten met chronische bovenste
luchtweginfecties. Een morfologische verklaring voor het verminderd functioneren van de dendritische cellen
kon niet worden gevonden.

Hoofdstuk 6 beschrijft de verbetering van de cluster capaciteit van dendritische cellen en het chemotactisch
vermogen van monocyten na behandeling (endoscopische verwijdering van ontstoken slijmvlies gevolgd door
postoperatief gebruik van locale corticosteroiden) van patienten met neuspoliepen (PPN) en patienten met
chronische purulente rhinosinusitis (CPR). Deze verbetering gaat samen met een vermindering van remmende
activiteit van pl5E-achtige eiwitten in het serum van deze patienten. Deze gegevens ondersteunen de
hypothese dat het chronisch ontstoken slijmvlies van de neus en neusbijholten de voornaamste bron is van
immuunsuppressieve retroviraal p15E-achtige eiwitten die voorkomen bij patienten met chronische bovenste
luchtweginfecties. Deze eiwitten veroorzaken partiéle afwijkingen in de cellulaire immuniteit en kunnen de
infecties verergeren. Deze bevindingen benadrukken nogmaals dat adequate therapie van chronische bovenste
luchtweginfecties noodzakelijk is.
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Abbreviations

AIDS
APC
APh
BSA

C3

CD
cmAb
CPR
DC
DNA
DTH
FACS
FCS
FDC
FelLV
FITC
fMLP
GM-CSF
HIV
HLA
H/N CA
H7
ICAM-1
IFN-7
Ig

IL

acquired immune deficiency syndrome
antigen presenting cell

acid phosphatase

bovine serum albumin

complement factor 3

cluster of differentiation

control monoclonal antibody

patients with chronic purulent rhinosinusitis
dendritic cell

deoxyribonucleic acid

delayed type hypersensitivity

fluorescence activated cell sorter

fetal calf serum

follicular dendritic cell

feline leukemia virus

fluorescein isothiocyanate
formyl-methionyl-leucyl-phenylalanine
granulocyte macrophage-colony stimulating factor
human immunodeficiency virus

human leucocyte antigen

carcinoma of the head and neck region

1-(5 isoquinolinyl sulfonyl)-2 methyl piperazide
intercellular adhesion molecule-1
interferon-7

immunoglobulin

interleukin
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kD kilo dalton

KV kilo volt

LAD leucocyte adhesion deficiency

LC Langerhans cell

LFA lymphocyte function-associated antigen
LMWF low molecular weight factor

mAb monoclonal antibody

MHC major histocompatibility complex
MIF migration inhibition factor

MLR mixed leucocyte reaction

mRNA messenger tibonucleic acid

MulLV murine leukemia virus

MW molecular weight

NK natural killer cell

NSE non-specific esterase

0s0, osmium tetra-oxide

PAF platelet activating factor

PBS phosphate buffered saline

PCD patients with primary ciliary dyskinesia
PKC protein kinase C

PPN patients with nasal polyps

RER rough endoplasmatic reticulum
slgA secretory immunoglobulin A

SLE systemic lupus erythematosus
TCR T cell receptor

TGF-8 transforming growth factor-f

Thl T helper cell 1

Th2 T helper cell 2

TNF-« tumor necrosis factor-o

™ transmembrane envelope protein(s)
TP-1 thymostimulin

VCAM-1 vascular cell adhesion molecule-1
VLA-4 very late antigen-4

w7 N-(6 aminohexyl)-5-chloro-1-naphthalene sulfonamide

90



References

[

i

:

10.

11.
12.

Chapter 1

Procter DF. The upper airway. In The nose: upper airway physiology and the atmospheric environment. Procter DF,
Andersen I, eds. Amsterdam/New York/Oxford: Elsevier Biomedical Press 1982:23-43,

Moss AJ, Parsons VL. Current estimates from the National Health Interview Survey, United States-1985. National
Center for Health Statistics, Hyattsville, Maryland 1986:66-67.

Netherlands Central Bureau of Statistics, Ministry of Welfare, Health and Cultural Affairs. Vademecum health
statistics of the Netherlands 1992)

Slavin RG. Relationship of nasal disease and sinusitis to bronchial asthma. Ann Allergy 1982;49:76-79.

Rachelefsky GS, Katz RM, Siegel SC. Chronic sinus discase with associaled airway disease in children. Pediatries
1984;73:526-529.

Hosemann W, Michelson A, Weindler J, Mang H, Wigand Me. Einfluss der endonasalen
Nasennebenhohlenchirurgie auf die Lungenfunction des Patienten mit Asthma Bronchiale. Laryngol-Rhino-Otelog
1990;69:521-526.

Stoop AR, Heyden vd AMD, Biewenga J, Baan vd S. 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. Eur Arch Oto-Rhino-Laryngo] 1992, In press.

Druce HM. Chronic sinusitis and non-allergic rhinitis. Am J Rhinol 1988;2-4:163-168.

Zeiger RS. Allergic and non-allergic thinitis: classification and pathogenesis. part 1. Allergic rhinitis. Am J Rhinol
1989:3-1:21-47.

Zeiger RS. Allergic and non-allergic rhinitis: classification and pathogenesis. part 2. Non-allergic rhinitis. Am J
Rhinol 1989;3-2:113-139.

Stoop AE. Immunological aspects of nasal polyps. Academical thesis. Amsterdam, 1992.

Plassche vd-Boers EM, Drexhage HA, Kokjé-Kleingeld M, Leezenberg JA. Parameters of T cell mediated
immunity to commensal micro-organisms in patients with chronic purulent rhinosinusitis: A comparison between
delayed type hypersensitivity skin test, lymphoeyte transformation test and macrophage migration inhibition factor
assay. Clin Exp Immunol 1986;66:516-524.

Plassche vd-Boers EM, Tas M, Haan d-Meulman M, Kleingeld M, Drexhage HA. Abnormal monocyte chemotaxis
in patients with chronic purulent rhinosinusitis: an effect of retroviral p15E related factors in serum. Clin Exp
Immunol 1988;73:348-354.

Stammberger H. Endoscopic endonasal surgery - Concepts in treatment of recurring rhinosinusitis. Part 1. Anatomic
and pathophysiologic considerations. Arch Otolaryngol Head Neck Surg 1986;94:143-147,

Messerklinger W. Die Rolle der lateralen Nasenwand in der Pathogenese, Diagnose und Therapie der rezidivierenden
und chronischen Rhinosinusitis. Laryng Rhinol Otol 1987;66:293-299.

n



16.
17.
18.
19.
20.

22,
23,

92

Kennedy DW, Zinreich SJ, Rosenbaum A, Johns ME. Functional endoscopic sinus surgery: Theory and diagnostic
evaluation. Arch Otolaryngol 1985;111:576-582.

Stammberger H. Nasal and paranasal sinus endoscopy. A diagnostic and surgical approach to recurrent sinusitis.
Endoscopy 1986;18:213-218.

Zinreich SJ, Kennedy DW, Gaylor BW. Computed tomography of nasal cavity and paranasal sinuses: An evaluation
of anatomy for endoscopic sinus surgery. Clear Images 1988;2:2-10,

Bolger WE, Butzin CA, Parsons DS. Paranasal sinus bony anatomic variations and mucosal abnormalities: CT
analysis for endoscopic sinus surgery. Laryngoscope 1991;101:56-64.

Ritter FN. The surgical anatomy of the nasal sinuses. Otolaryngol Clin North Am 1971;4:3-11.

Messerklinger W, Uber den Recessus frontalis und seine Klinik. Laryngol Rhinol Otol 1982;61:217-223.

Renn WH, Rhoton AL Jr. Microsurgical anatomy of the sellar region. J Neurosurg 1975;43:288-298.

Kennedy DW, Zinreich SJ, Rosenbaum A, Johns ME. Functional endoscopic sinus surgery: Theory and diagnostic
evaluation. Arch Otolaryngol Head Neck Surg 1985;111:576-5812.

Beysen M. The surface structure of the human nasal mucosa [. Ciliated cells and metaplastic scanning/transmission
electron and light microscopy. Virchows Arch B (Cell Pathol) 1982;40:279-294.

Irvani J, As v A, Mucus transport in the tracheobronchial tree of normal and bronchitic rats. J Pathol 1972;106:81-
93.

Jorgensen F, Petruson B, Hansson HA. Extensive variations in nasal mucosa in infants with and without recurrent
acute otitis media. Arch Otolaryngol Head Neck Surg 1989;115:571-580.

Nishino T, Sugiyama A, Tanaka A, Ishikawa T. Effects of topical nasal anaesthesia on shift of breathing route in
adults. Lancet 1992,339:1497-1500.

Rhis Evans PH. The paranasal sinuses and other enigmas: an aquatic evolutionary theory. Journal of Laryngology
and Otology 1992;106:214-225,

Sleigh MA. The nature and action of respiratory tract cilia. In Brain JD, Proctor DF, Reid LM, editors: Respiratary
defense mechanisms. New York, 1977, Marcel Dekker Inc, p 247.

Girod s, Zahm J-M, Plotkowski C, Beck G, Puchelle E. Role of the physicochemical properties of mucus in the
protection of the respiratory epithelium, Eur Respir ] 1992;5:477-487.

Truk A, Lichtenstein LM, Norman PS. Normal secretory antibody to inhalant allergens in allergic and non-allergic
patients. Immunelogy 1970;19:85-91.

Tachibana M, Morioka H, Machino M, Tsuruoka T, Tanimura F, Mizukoshi . Lysozyme producers in nasal
mucosa. An immunochistochemical study. Ann Otol Rhinol Laryngol 1986;95:193-195.

Satir P. How cilia move. Scientific American. 1974;231-4:44-52.

Wasserman SJ. Ciliary function and disease. ] Allergy Clin Immunol 1984;73:17-19.

Sleigh MA, Primary ciliary dyskinesia. Lancet 1981;11:476.

Baan vd S, Veerman AJP, Wulffraat N, Feenstra L. Primary ciliary dyskinesia and ciliary activity. Acta
Otolaryngol 1986;102:274-281.

Shwachman H, Kulezeki L, Mueller H, Flake C. Nasal polyposis in patients with cystic fibrosis. Pediatrics
1962;30:389-401.

Gharib R, Parker Allen R, Joos HA, Bravo LR, Paranasal sinuses in cystic fibrosis. Am J Dis Child 1964;108:499-
502.

Ledesma-Medina J, Osman MZ, Girdany BR. Abnormal paranasal sinuses in patients with cystic fibrosis of the
pancreas. Pediatr Radiol 1984;9:61-64.

Cuyler JP, Monaghan AlJ. Cystic fibrosis and sinusitis. Otolaryngology 1989;18:173-175.

Wright D. Acute sinusitis. /n Ballantyne J, Croves J, eds. Scott-Brown’s diseases of the ear, nose and thraot, 4th
edition, vol. 3: The nose and sinuses. London, Sydney, Wellington, Durban, Toronto: Butterworths, 1979.

Veltri RW, Sprinkle PM, Ballenger JJ. Etiology of inflammatory diseases of the upper respiratory tract. [n



43.
44.

46.
47,
48.

49.

50.
51.

Ballenger 11, editor. Diseases of the nose, throat, ear, head and neck, 13 th edition. Philadelphia: Lea & Febiger,
1985.

Wright D. Chronic sinusitis. In Ballantyne J, Croves I, eds. Scott-Brown’s diseases of the car, nosc and thraot, 4th
edition, vol. 3: The nose and sinuses. London, Sydney, Wellington, Durban, Toronto: Butterworths, 1979.

Ballenger JJ. Paranasal sinus infection. In Ballenger 1], editor. Diseases of the nose, throat, ear, head and neck, 13
th edition. Philadelphia: Lea & Febiger, 1985,

Henson PM, Johnston RB Jr. Tissue injury in inflammation: oxidants, proteinases and cationic proteins. J Clin
Invest 1987;79:669-674.

Van Furth R, Diesselhoff-Dulk d MMC. The kinetics of promonocytes and monoeytes in the bone marrow. I Exp
Med 1970;132:813-828.

Meuret G, Schildknecht O, Joder P, Senn H. Proliferation activity and bacteriostatic potential of human blood
monocytes, macrophages and pleural effusions, ascites and of alveolar macrophages. Blut 1980;40:17-25.

Meuret G. The kinetics of mononuclear phagoeytes in man. In Schmalzl F, Huhn D, Schaefer HE, eds. Haematology
and blood transfusion, vol 27, Disorders of the monocyte macrophage system. Berlin: Springer-Verlag, 1981, pp 11-
)

Takemura R, Werb 7Z. Sccretory products of macrophages and their physiological functions. Am J Physiol
1984;246:C1-C9.

Nathan CF. Secretory products of macropohages. J Clin Invest 1987;79:319-326.

Rich EA, Tweardy DJ, Fujiwara H, Ellner J. Spectrum of immunoregulatory functions and properties of human
alveolar macrophages. Am Rev Respir Dis 1987;136:258-265.

Rappolee DA, Werb Z. Sceretory products of phagecytes. Curr Opin Immunol 1988;1:47-55.

Sibille Y, Reynolds HY. Macrophages and polymorphonuclear neutrophils in lung defense and injury. Am Rev Respir
Dis 1990;141:471-501.

Nagy L, Lee TH, Goetzl LJ, Pickett WC, Kay AB. Complement receptor enhancement and chemotaxis of human
neutrophils and eosinophils by leukotriens and lipoxygenase products. Clin Exp Immunol 1982;47:541-547.

Sigal CE, Valona FH, Holtzman MJ, Goetzl EJ. Preferential human eosinophil chemotactic aclivity ol platelel
activating factor. J Clin Immunol 1987;7:179-184.

Wardlaw AJ, Kay AB. The role of the eosinophil in the pathogenesis of asthma. Allergy 1987;42:321-335.

Venge P, Hakansson L, Peterson CG. Eosinophil activation in allergic disease. Int Arch All Appl Immunol
1987,82:333-337.

Baumgarten C, Kunkel G, Rudolph R, Staud RD, Sperner I, Gelderblom H, Histopathological examinations of
nasal polyps of different eticlogy. Arch Otorhinolaryngol 1980;226:187-197,

Weller PF, Goetzl EJ. The regulatory and effector roles of cosinophils. Adv Immunol 1980,27:339-371.

Settipane GA, Chafee FH. Nasal polyps in asthma and rhinitis: a review of 6037 patients. J Allergy Clin Immunol
1977;59:17-21.

Krajina Z, Zirdum A. Histochemical analysis of nasal polyps. Acta Otolaryngol 1987;103:435-440,

Mullarky MF. Eosinophilic nonallergic rhinitis. J Allergy Clin Immunol 1988;82:941-94G.

Coombs RRA, Gell PGH. The classification of allergic reactions underlying disease. In ‘Clinical aspects of
Immunology’. Gell PGH, Coombs RRA, eds. Philadelphia: Davis, 1963,

Twe JG, Thorbecke J, Steinman RM. Dendritic cells in the immune response: characteristics and recommended
nomenclature. J Reticuloendothel Soc 1982,31:371-375.

Steinman RM, Gutchinov B, Witmer MD, Nussenzweig MC. Dendritic cells are the principal stimulators of the
primary mixed leucocyte reaction in mice. J Exp Med 1983;157:613-627.

Unanue ER, Beller DI, Lu CY, Allen PM. Antigen presentation: comments on ils regulation and mechanism. ]
Immuncl 1984;132:1-4,

Austyn JM, Weinstein DE, Steinman RM, Cluslering with dendritic cells precedes and is essential for T-cell

93



68.
69.
70.
i

72,
73.

74.

76.
e
78.

79,

80.

81.
82.

83.
84,

8s.
86.

87.
88.

89.
90.

94

proliferation in a milogenesis model. Immunology 1988;63:691-696.

Kamperdijk EWA, Bos HJ, Beelen RHJ, Hoefsmit ECM. Morphology and ultrastructure of dendritic cells. Human
monocyles. Academic Press, London 1989,

Scheeren RA, Koopman G, Baan vd 8, Meijer CJLM, Pals ST. Adhesion receptors involved in clustering of blood
dendritic cells and T-lymphoceytes. Eur J Immunol 1991;21:1101:1105.

Inaba K, Steinman RM., Monoclonal antibodies to LFA-1 and to CD4 inhibil the mixed leucocyte reaction after the
antigen-dependent clustering of dendritic cells and T-lymphocytes. J Exp Med 1987;165:1403-1417.

King PPD, Katz DR, Human tonsillar dendritic cells induced T cell responses: analysis of molecular mechanisms using
monoclonal antibodies. Eur J Immunol 1989;19:581-587.

Austyn JM. Lymphoid dendritic cells. Immunology 1987;62:161-170.

Unanue ER, Allen PM. The basis for the immunoregulatory role of macrophages and other accessory cells, Science
1987,236:551-557.

Brooks CF, Moore M. Differential MHC class 11 expression on human peripheral blood monocytes and dendritic
cells. Immunology 1988;63:303-311.

Mckenzie JL., Prickett TCR, Hart DNJ. Human dendritic cells stimulate allogeneic T cells in the absence of 1L-1.
[mmunoclogy 1989;67:290-297.

Nagelkerken LM, Breda Vriesman v PJC. Membrane-associated TL-1 like activity on rat dendritic cells. J Immunol
1986;136:2164-2170,

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

Nishimoto K, Ukai K, Harada T, Chun Shun J, Sakakura Y. Lymphocyte subsets of maxillary mucosa in c¢hronic
inflammation. Acta Otolaryngol 1988;106:291-298.

Green DR, Gold J, St Martin §, Gershon R, Gershon RK. Microenvironmental immunoregulation: possible role of
contrasuppressor cells in maintaining immune response in gut associated lymphoid tissues. Proc Natl Acad Sci USA
1982;79:889-892.

Lehner T, Avery I, Jones T. Separation and characterisation of a subset of human T8" cells which function as
antigen-presenting and contrasuppressor cells. Immunol 1985;54:713-722.

Corrigan CJ, Kay AB. Role of T-lymphocyles and lymphokines. British Medical Bulletin 1992;48-1:72-84.
Mosmann TR, Coffman RL. Thl and Th2 cells;: different patterns of lymphokine secretion lead to different
functional properties. Ann Rev Immunol 1989;7:145-173.

Cher DJ, Mosmann TR. Two types of murine helper T cell clone: 2. delayed type hypersensitivity is mediated by
Thi clones. | Immunol 1987;138:3688-3694.

Defrance T, Aubry JP, Rousset F, Vanbervliet B, Bonnefoy JY, Arai N, Takebe Y, Yokota T, Lee F, Arai K,
de Vries J, Banchereau J. Human recombinant interleukin-4 induces Fe-receptors (CD23) on normal human B
Lymphocytes. ] Exp Med 1987;165:1459-1467.

Campbell HD, Tucker WQJ, Hort Y. Molecular cloning, nucleotide sequence, and expression of the gene encoding
human easinophil differentiation factor (interleukin 5). Proc Natl Acad Sci USA 1987;84:6629-6633.

Miyajima A, Kiyatake S, Schreurs J, de Vries J, Arai N, Yokota T, Arai K. Coordinate regulation of immune and
inflammatory responses by T cell derived lymphokines. FASEB J 1988;2:2462-2473.

Wierenga EA, Functional subscts of human T helper cells. Implications for allergic discase. Thesis 1992, Amsterdam.
Fuller RW. Macrophages. In Barnes PJ, Rodger IW, Thomson NC, eds. Asthma: Basic mechanisms and clinical
management. London: Academic Press, 1991.

Haddad J Jr, Brager R, Bluestone Ch D. Infections of the cars, nose and throat in children with primary
immunodeficiencies, Arch Ctolaryngol Head Neck Surg 1992;118:138-141].

Rosen FS, Cooper MD, Wedgwood RJP. The primary deficiencies. N Engl ] Med 1984;311:235-242.

Rosen FS, Cooper MD, Wedgwood RJP. The primary deficiencies, N Engl ] Med 1984;311:300-310.



92,

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.
103.
104.
10s.
106.
107.

108.
109.

110.

111.
112,

Miller R, Myer CM, Gray 8. Otolaryngologic manifestations of chronic granulomatous disease. Am I Otolaryngol
1988;9:79-82.

Greene MI, Bach BA, Benacerraf B. Mechanisms of regulation of cell-mediated immunity. [Il. The characterization
of azobenzenearsonate-specific suppressor T cell derived suppressor factors, ] Exp Med 1979;149:1069-1083.
Ninneman JL. Melanoma-associated immunosuppression through B cell activation of suppressor T cells. J Immunol
1978;120:1573-1579,

Chakraborty NG, Twardzik DR, Sivanandham M, Ergin MT, Hellstrom KE, Mukherji B. Autologous
melanoma-induced activation of regulatory T cells that suppress cytotoxic response. J Immunol 1990;145:2359-2364.
Karpus WJ, Swanborg RH. CD4+ suppressor cells inhibit the function of effector cells of experimental autoimmune
encephalomyelitis through a mechanism involving transforming growth factor-B. J Immunol 1991;146:1163-1168.
Mosmann TR, Schumacher JH, Fiorentino DF, Leverah J, Moore KW, Bond MW. Isolation of monoclonal
antibodies specific for IL-4, IL-5, IL-6 and a new Th2-specific cytokine (IL-10), cylokine synthesis inhibitory [actor,
by using a solid phase radioimmunoadsorbent assay. J Immunol 1990;145:2938-2945.

Siegel SC. Topical intranasal corticosteroid therapy in rhinitis. J Allergy Clin Immunol 1988;81:984-991.

Schleimer RP, Derse CP, Friedman B, Gilles S, Plaut M, Lichtenstein LM, McGlashan DW. Regulation of
human basophil mediator release by cytokines. Interactions with antiinflammatory steroids. ] Immunol
1989;;143:1310-1317.

Winqvist I, Oloffsson 1, Olsson 1. Mechanisms for cosinophil degranulation; release of cosinophil cationic protein.
Immunology 1984;51:1-8.

Roth JA, Osborne BA, Ames RS. Immunoregulatory factors derived from human tumeors. TI. Partial purification and
further immunobiochemical characterization of a human sarcoma-derived immunosuppressive factor expressing HLA-
DR and immunoglobulin related determinants. ] Immunol 1983;130:303-308.

Cianciolo GJ. Antiinflaimmatery proteins associated with human nad murine neoplasms. Biochim Biophys Acta
1986,865:69-82,

Ebert EC, Roberts Al, O’Connel SM, Robertson FM, Nagase H. Characterization of an immunosuppressive factor
derived from colon cancer cells. J Immunol 1987;138:2161-2168.

Minakuchi R, Wacholtz MC, Davis LS, Lipsky PE. Delincation of the mechanism of inhibition of human T cell
activation by PGE,. ] Immunocl 1990;145:2616-2625.

Wahl SM, McCartney-Francis N, Mergenhagen SE. Inflammatory and immunomodulatory roles of TGF-B. Immun
Today 1989;10:258-264.

Robb RJ. The suppressive effects of gangliosides upon IL-2-dependent proliferation as a function of inhibition of IL-
2-receptor association. J Immunol 1986;136:971-976.

Snyderman R, Cianciolo GJ. Immunosuppressive activity of the retroviral envelope protein pI5E and its possible
relationship to neoplasia. Imm Today 1984;5:240-244. :
Dent PB. Immunosuppression by oncogenic viruses. Prog Med Virol 1972;14:1-35,

Miedema F, Petit AJC, Terpstra FG, Eeftinck Schattenkerk JKM, de Wolf F, Al BIM, Roos M, Lange JMA,
Danner SA, Goudsmit J, Schellekens PTA. Immunological abnormalities in human immunodeficiency virus (HIV)-
infected asymptomatic homosexual men: HIV affects the immune system before CD4" T helper cell depletion oceurs.
J Clin Invest 1988;82:1908-1914.

Fauci AS. The human immunodeficiency virus: infectivity and mechanisms of pathogenesis. Science 1988;239:617-
622.

Specter S, Friedman H. Viruses and the immune response. Pharmacol Ther 1978;2:595.

Orosz CG, Zinn NE, Olsen RG, Mathes LE. Retrovirus-mediated immunosuppression. [. FeLV-UV and specific
FeLV proteins alter T lymphocyte behavior by inducing hyporesponsiveness to lymphokines. J Immunol
1985;134:3396-3403.

Orosz CG, Zinn NE, Olsen RG, Mathes LE. Retrovirus-mediated immunosuppression. II. FeLV-UV alters in vitro

95



117.
118.
119.
120.
121.

122,

123.

124,

murine T lymphoeyte behavior by reversibly impairing lymphokine secretion, J Immunel 1985;135:583-590.

Olsen RG, Hoover EA, Schaller JP, Mathes LE, Wolff LH. Abrogation of resistance to feline oncorna virus
disease by immunization with killed feline leukemia virus. Cancer Res 1977;37:2082-2085.

Schaller JP, Hoover EA, Olsen RG. Active and passive immunization of cats with inactivated feline oncornaviruscs.
] Natl Cancer Inst 1977;59:1441-1450.

Mathes LE, Olsen RG, Hebebrand LC, Hoover EA, Schaller JP. Abrogation of lymphocyte blastogenesis by a
feline leukemia virus protein. Nature (London) 1978,274:684-689.

Mathes LE, Olsen RG, Hebebrand LC, Hoover EA, Schaller JP, Adams PW, Nichols WS. Immunosuppressive
properties of a virion polypeptide, a 15,000-Dalton protein, from feline leukemia virus. Cancer Res 1979;39:950-955.
Bolognesi DP, Montelaro RC, Frank 11, Schafer W. Assembly of type C oncornaviruses: a model. Science
1978,199:183-186.

Copelan EA, Rhinehart JJ, Lewis M, Mathes LE, Olsen RG, Sagone A. The mechanism of retrovirus suppression
of human T-cell proiferation in vitro. J Immunol 1983;131:2017-2020.

Cianciolo GJ, Herberman RB, Snyderman R. Depression of murine macrophage accumulation by low-molecular
weight factors derived from spontaneous mammary carcinomas. J Natl Cancer Inst 1980;65:829-834,

Cianciolo GJ, Matthews TJ, Bolognesi DP, Snyderman R. Macrophage accumulation in mice is inhibited by low
molecular weight products from murine leukemia viruses. J Immunol 1980;124:2900-2905.

Ruegg CL, Monell CR, Strand M. Identification, using synthetic peptides, of the minimum amino acid sequence
from the retroviral transmembrane protein pl15E required for inhibition of lymphoproliferation and its similarity to
gp21 of human T-lymphotropic virus types I and I1. J Virol 1989:63:3250-3256.

Cianciolo GJ, Hunter J, Silva J, Haskill JS, Snyderman R. Inhibitors of monocyte responses to chemotaxins are
present in human cancerous effusions and react with monoclonal antibodies to the pl5(E) structural protein of
retroviruses. J Clin Invest 1981,68:831-844.

Tan 1B, Drexhage HA, Scheper RJ, Blomberg v-Flier vd BME, Haan d-Meulman M, Snow GB, Balm AJM.
Immunosuppressive retroviral p15E-related factors in head and neck carcinomas. Arch Otolaryngol Head Neck Surg
1986;112:942-945.

Tas M, Haan d-Meulman M, Kabel PJ, Drexhage HA. Defects in monocyte polarization and dendritic cell
clustering in patients with Graves’ disease. A putative role for a non-specific immunoregulatory factor related to
retroviral pI5E. Clin Endocrinol 1991;34:441-448,

Cianciolo GJ, Phipps D, Snyderman R. Human malignant and mitogen-transformed cells conlain retroviral p15E-
related antigen. J Exp Med 1984,159:964-969.

Schmidt DM, Snyderman R. Retroviral protein p15E and tumorigenesis: Expression is neither required nor sufficient
for tumor development. J Immunel 1988;140:4035-4041.

Lindvall M, Sjogren HO. Inhibition of rat yolk sac tumour growth in vivo by a monoclonal antibody to the retroviral
molecule p15E. Cancer Immunol Immunother 1991;33:21-27.

Krieg AM, Gause WC, Gourley MF, Steinberg AD. A role for endogenous retroviral sequences in the regulation of
lymphocyte activation. J Immunol 1989;143:2448-2451.

Ono T, Cutler RG. Age-dependent relaxation of gene-expression: Increase of endogenous murine leukemia virus-
related and globin-related in brain and liver of mice. Proc Natl Acad Sci USA 1978;75:4431-4435,

Khan AS, Laigret F, Rodi CP. Expression of mink cell focus-forming murine leukemia virus-related transcripts in
AKR mice. J Virol 1987;61:876-882.

Repaske R, Steele PE, O’Neill RR, Rabson AB, Martin MA. Nucleotide sequence of a full-length human
endogenous retroviral segment. ] Virol 1985;54:769-772.

Cohen M, Powers M, O’Donnell C, Kato N. The nucleotide sequence of the env gene from the human provirus
ERV-3 and isolation and characterization of an ERV-3 specific ¢cDNA. Virology 1985;147:449-458.

Kato N, Larsson E, Cohen M, Absence of expression of a human endogenous retrovirus is correlated with



10.
11.

12,

14.
15,

16.

choriocarcinoma. Int J Cancer 1988;41:380-385.

Abraham GN, Khan AS. Human endogenous retroviruses and immune disease. Clin Immunol Immunopathol
1990;56:1-8.

Tan 1B, Drexhage IIA, Scheper RJ, Blomberg v-Flier vd BME, Haan d-Meulman M, Snow GB, Balm AJM.
Defective monocyte chemotaxis in patients with head and neck cancer. Restoration after treatment. Arch Otolaryngol
Head Neck Surg 1986;112:541-544,

Tas M, Leezenberg JA, Drexhage HA. Beneficial effects of the thymic hormone preparation thymostimulin in
patients with defects in cell-mediated immunity and chronic purulent rhinosinusitis. A double-blind cross-over trial on
improvements in monocyte polarization and clinical effects. Clin Exp Immunol 1990;80:304-313.

Chapter 2

Dent PB. Immunosuppression by encogenic viruses. Prog Med Virol 1972;14:1-35.

Specter S, Friedman I, Viruses and the immune response. Pharmacol Ther 1978;2:595.

Orosz CG, Zinn NE, Olsen RG, Mathes LE. Retrovirus-mediated immunosuppression. I. FeLV-UV and specific
FeLV proteins alter T lymphocyte behavior by inducing hyporesponsiveness to lymphokines. ] Immunol
1985;134:3396-3403.

Orosz CG, Zinn NE, Olsen RG, Mathes LE. Retrovirus-mediated immunosuppression. I, FeLV-UV alters in vitro
murine T lymphocyte behavior by reversibly impairing lymphokine secretion. J Immunol 1985;135:583-590.
Snyderman R, Cianciole GJ. Immunosuppressive activity of the retroviral envelope protein pl15E and its possible
relationship to neoplasia. Immunol Today 1984;5:240-244.

Cianciolo GJ, Hunter I, Silva J, Haskill JS, Snyderman R. Inhibitors of monocyle responses to chemotaxins are
present in human cancerous effusions and react with monoclonal antibodies to the pl5(E) structural protein of
retroviruses. J Clin Invest 1981;68:831-844.

Tan 1B, Drexhage HA, Scheper RJ, Blomberg v-Flier vd BME, Haan d-Meulman M, Snow GB, Balm AFM.
Immunosuppressive retroviral p15E-related factors in head and neck carcinomas. Arch Otolaryngol 1986;112:942-945.
Plassche vd-Boers EM, Tas M, Haan d-Meulman M, Kleingeld M, Drexhage HA. Abnormal monoeyte chemotaxis
in patients with chronic purulent rhinosinusitis; an effect of retroviral pl5E-related factors in serum. Clin Exp
Immunol 1988,73:348-354.

Ono T, Cutler RG. Age-dependent relaxation of genc-expression: Increase of endogenous murine leukemia virus-
related and globin-related in brain and liver of mice. Proc Natl Acad Sci USA 1978,75:4431-4435.

Khan AS, Laigret F, Rodi CP. Expression of mink cell focus-forming murine leukemia virus-related transeripts in
AKR mice. J Virol 1987;61:876-882.

Repaske R, Steele PE, O’Neill RR, Rabson AB, Martin MA. Nucleotide sequence of a full-length human
endogenous retroviral segment. J Virol 1985;54:760-772.

Cohen M, Powers M, O’Donnell C, Kato N. The nucleotide sequence of the env gene from the human provirus
ERV-3 and isolation and characterization of an ERV-3 specific eDNA. Virology 1985;147:449-458.

Seldenrijk C, Morson BC, Meuwissen SGM, Schipper NW, Lindeman J, Meijer CJLM. Diagnostic implications
in chronic inflammatory bowel discase; Histopathological evaluation of colonic mucosal biopsies in chronic
inflammatory bowel disease. Gut 1991;in press.

Baan vd S, Veerman AJP, Wulffraat N, Feenstra L. Primary ciliary dyskinesia and ciliary activity. Acta
Otolaryngol 1986;102:274-281.

Baan vd S, Bezemer PD, Veerman AJP, Feenstra L. A quantitative investigation of the ciliary ultrastructure with
statistical analysis. Ann Otol Laryngol 1987;96:264-272.

Cianciolo GJ, Lostrom ME, Tam M, Snyderman R ., Murine malignant cells synthesize a 19,000-Dalton protein

97



17.

18.

19.

20.

21,

22.

98

that is physico-chemically and antigenically related to the immunosuppressive retroviral protein, p15E. J Exp Med
1983;158:885-900.

Lostrom ME, Stone MR, Tam M, Burnette WN, Pinter A, Nowinski RC, Monoclonal antibodies against murine
leukemia viruses: identification of six antigenic determinants on the pl5(E) and gp70 envelope proteins. Virology
1979;98:336-350.

Boer d M, Roos D). Metabolic comparison between basophils and other leukocytes from human blood. J Immunol
1986; 136:3447-3454.

Knol EF, Koenderman L, Mul FPJ, Verhoeven AJ, Roos D. Differential activation of human basophils by anti-IgE
and formyl-Methionyl-Leucyl-Phenylalanine. Indications for protein kinase C-dependenl and -independent activation
pathways. Eur J Immunol 1991;21:881-885.

Papovie M, Sarngadharan MG, Read E, Gallo RC. Detection, isolation, and continuous production of cytopathic
retroviruses (HTLV-III) from patients with AIDS and pre-AIDS. Science 1984;224:497-500.

Galle RC, Salahuddin SZ, Popovic M, Shearer GM, Kaplan M, Haynes BF, Palker TJ, Redfield R, Oleske J,
Safai B, White G, Foster P, Markham PD. Frequent detection and isolation of cytopathic retroviruses (HTLV-III)
from patients with AIDS and at risk for AIDS. Science 1984;224:500-503.

Benomar A, Wang J-M, Taraboletti G, Ghezzi P, Balotta C, Cianciolo GJ, Snyderman R, Doré J-F, Mantovani
A. Chemotactic factor and p15E-related chemotaxis inhibitor in human melanoma cell lines with different macrophage
content and tumorogenicity in nude mice. J Immunol 1987;138:2372-2379.

Kato N, Larsson E, Cohen M. Absence of expression of a human endogenous retrovirus is correlated with
choriocarcinoma. Int ] Cancer 1988;41:380-385.

Abraham GN, Khan AS. Human endogenous retroviruses and immune disease. Clin Immunol Immunopathol
1990;56:1-8.

Tas M, Leezenberg JA, Drexhage HA. Beneficial effects of the thymic hormone preparation thymostimulin in
patients with defects in cell-mediated immunity and chronic purulent rhinosinusitis. A double-blind cross-over trial on
improvements in monocyte polarization and clinical effects. Clin Exp Immunol 1990;80:304-313.

Chapter 3

Drexhage HA, Plassche vd-Boers EM, Kokjé M, Leezenberg JA. Abnormalities in cell-mediated immune functions
to Haemophilus Influenzae in chronic purulent infections of the upper respiratory tract. Clin Immunol Immunopath
1983;28:218-228.

Plassche vd-Boers EM, Drexhage HA, Kokjé-Kleingeld M. The use of somatic antigen of Haemophilus Influenza
for the monitoring of T cell mediated skin test reaclivity in man. J Immunol Meth 1985;83:353-361.

Plassche vd-Boers EM, Drexhage HA, Kokjé-Kleingeld M, Leezenberg JA. Parameters of T cell mediated
immunity to commensal micro-organisms in patients with chronic purulent rhinosinusitis: A comparison between
delayed type hypersensitivity skin test, lymphocyte transformation test and macrophage migration inhibition factor
assay. Clin Exp Immunol 1986,66:516-524.

Plassche vd-Boers EM, Tas M, Haan de-Meulman M, Kleingeld M, Drexhage HA. Abnormal monocyle
chemolaxis in patients with chronic purulent rhinosinusitis: an effeet of retroviral pl1SE related factors in serum. Clin
Exp Immunol 1988;73:348-354.

Dent PB. Immunosuppression by oncogenic viruses. Prog Med Virol 1972;14:1-35,

Orosz CG, Zinn NE, Olsen RG, Mathes LE. Retrovirus-mediated immunosuppression. I. FeLV-UV and specific
FeLV proteins alter T lymphocyte behavior by inducing hyporesponsiveness to  Iymphokines. J Immunol
1985;134:3396-3403.

Orosz CG, Zinn NE, Olsen RG, Mathes LE. Retrovirus mediated immunosuppression. I[. FeLV-UV allers in vitro



10.
11.

12.
13.
14.
15.

16.

17.
18.

19.

20,

21.
22,

murine T lymphoeyte behavior by reversibly impairing lymphokine secretion. J Immunol 1985;135:583-530.

Cianciolo GJ, Hunter J, Silva J, Haskill JS, Snyderman R. Inhibitors of monocyte responses to chemotaxins are
present in human canccrous effusions and react with monoclonal antibodies to the pl5(E) structural protein of
retroviruses. J Clin Invest 1981;68:831-844,

Cianciolo GJ, Lostrom ME, Tam, M, Snyderman R. Murinc malignant cells synthesize a 19,000-Dalton protein
that is physico-chemically and antigenically related to the immunosuppressive retroviral protein p1SE. J Exp Med
1983;158:885-900.

Snyderman R, Cianciole GJ. Immunosuppressive activity of the retroviral envelope protein pISE and its possible
relationship to neoplasia. Immunol Today 1984,5:240-244,

Benomar A, Wang J-M, Taraboletti G, Ghezzi P, Balotta C, Cianciolo GJ, Snyderman R, Doré J-F, Mantovani
A. Chemotactic factor and p15E-related chemotaxis inhibitor in human melanoma cell lines with different macrophage
content and tumorogenicity in nude mice. J Immunol 1987;138:2372-2379.

Repaske R, Stecle PE, O’Neill RR, Rabson AB, Martin MA. Nucleotide sequence of a full-length human
endogenous retroviral segment. J Virol 1985;54:769-772.

Cohen M, Powers M, O’Donnell C, Kato N. The nucleotide sequence of the env gene from the human provirus
ERV-3 and isolalion and characterization of an ERV-3 specific cDNA. Virology 1985,147:449-458.

Baan vd S, Veerman AJP, Wulffraat N, Feenstra L. Primary ciliary dyskinesia and ciliary activity. Acta
Otolaryngol 1986,102:274-281.

Baan vd S, Bezemer PD, Veerman AJP, Feenstra L. A quantitative investigation of the ciliary ultrastructure with
statistical analysis. Ann Otal Laryngol 1987,96:264-272.

Lostrom ME, Stone MR, Tam M, Burnette WN, Pinter A, Nowinski RC. Monoclonal antibodies against murine
leukemia viruses: identification of six antigenic determinants on the pl5(E) and gp70 envelope proteins. Virology
1979;98:336-350.

Mullink H, Blomberg v-Flier vd M, Wilders M, Drexhage HA, Alons CL. A simple cytochemical method for
distinguishing EAC rosettes formed by lymphocytes and monocytes. J Immunol Methods 1979;29: 133-137.

Pertoft H, Johnsson A, Wiirmegard B, Seljelid R. Separation of human monocytes on density gradients of Percoll. ]
Immunol Methods 1980;33:221-229.

Cianciolo GJ, Snyderman R. Monocyte responsiveness to chemotactic stimuli in vitro is a property of a
subpopulation of human mononuclear cells which can respond to multiple chemoattractants. J Clin Invest 1981;67:60-
68.

Tan IB, Drexhage HA, Scheper RJ, Blomberg v-Flier vd BME, Haan d-Meulman M, Snow GB, Balm AJM.
Defective monoeyte chemotaxis in patients with head and neck cancer. Restoration afier treatment. Arch Otolaryngol
Head Neck Surg 1986;112:541-544.

Boer d M, Roos D. Metabolic comparison between basophils and other leukocytes from human blood. J Immunol
1986; 136:3447-3454,

Knol EF, Koenderman L, Mul FPJ, Verhoeven AJ, Roos D, Differential activation of human basophils by anti-IgE
and formyl-Methionyl-Leucyl Phenylalanine. Indications for protein kinase C-dependent and independent activation
pathways. Eur J Immunol 1991;21:881-885,

Lagrange PH. Protective immunity to chronic bacterial infection. Scand J Immunol 1979;10:285-290.

Scheeren RA, Qostendorp RAJ, Baan vd S, Keehnen RMJ, Scheper RJ, Meijer CJLM. Distribution of retroviral
p15E related proteins in neoplastic and non-neoplastic human tissues, and their role in the regulation of the immnune
response. Clin Exp Immunol 1992:89:94-99,

99



==

e % NS A W W

11.

12.

13.

14.
15.
16.

17.

18.
19.
20.

100

Chapter 4

Steinman RM, Gutchinov B, Witmer MD), Nussenzweig MC. Dendritic cells are the principal stimulators of the
primary mixed leucocyte reaction in mice. ] Exp Med 1983;157:613-627.

Austyn JM, Weinstein DE, Steinman RM. Clustering with dendritic cells precedes and is essential for T-cell
proliferation in a mitogenesis model. Immunology 1988;63:691-696.

Inaha K, Steinman RM. Accessoery cell-T lymphoeyte interaclions. Antigen-dependent and -independent clustering. J
Exp Med 1986;163:247-261.

Inaba K, Steinman RM. Monoclonal antibodies to LFA-1 and to CD4 inhibit the mixed leucoeyte reaction after the
antigen-dependent clustering of dendritic cells and T lymphoeytes. ] Exp Med 1987;165:1403-1417.

King PD, Kate DR. Human tonsillar dendritic cell-induced T cell responses: analysis of molecular mechanisms using
monoclonal antibodies, Eur ] Immunol 1989,19:581-587.

Austyn JM. Lymphoid dendritic cells. Immunology 1987;62:161-170.

Reinherz EL, Penta AC, Hussey RE, Schlossman SF. A rapid method for separating functionally intact human T
lymphocytes with monoclonal antibodies. Clin Immunol Immunopathol 1981;21:257-260.

Kooyk v Y, Wiel vd-Kemenade v P, Weder P, Kuijpers TW, Figdor CG. Triggering of the CD2 or CD3 structure
on T lymphocyles activates LFA-1 to enhance cell adhesion. Nature 1989;342:811-813,

Knight SC, Farrant J, Bryant A, Edwards AJ, Burman S, Lever A, Clarke J, Webhster ADB. Non-adherent, low-
density cells from human peripheral blood contain dendritic cells and monocytes, both with a veiled morphology.
Immunology 1986;57:595-603,

Noessel v C, Miedema F, Brouwer M, Rie d M, Aarden LA, Lier v RAW, Regulatory propertics of LFA-1e and B
chains in human T-lymphocyte activation. Nature 1988;333:850-852.

Miedema F, Tetteroo PT, Hesselink WG, Werner G, Spits H, Melief CJM. Both Fc receptors and lymphocyte-
function-associated antigen-1 on human T cells are required for antibody-dependent cellular cytotoxicity (killer cell
activity). Eur J Immunol 1984;14:518-523.

Rothlein R, Dustin ML, Marlin §D, Springer TA. A human intercellular adhesion molecule (ICAM-1) distinet from
LFA-1. J Immunol 1986;137:1270-1274,

Sanchez-Madrid F, Krensky AM, Ware CF, Robbins E, Strominger JL, Burakoff SJ, Springer TA. Three
distinet antigens associated with human T lymphocyte-mediated cytolysis: LFA-1, LFA-2 and LFA-3. Pro¢ Natl Acad
Sci USA 1982;79:7489-7493,

Pals ST, Hogervorst F, Keizer GD, Horst E, Figdor CG. Identification of a widely distributed 90-kD glycoprotein
that is homelogous to the human lymphocyte homing receptor. J Immunol 1989;143:851-857.

Jalkanen S, Jalkanen M, Bargatze R, Tammi M, Butcher EC. Biochemical properties of glycoproteins involved in
lymphoeyte recognition of high endothelial venules in man. J Immunol 1988;141:1615-1623,

Sanchez-Madrid F, de Landazuri MO, Morago G, Cebrian M, Acevedo A, Bernabeu C. VLA-3: a novel
polypeptide association within in the VLA molecular complex: cell distribution and biochemical characterization. Eur J
Immunol 1986;16:1343-1349.

Carlos TM, Schwartz BR, Kovach NL, Yee E, Rosso M, Osborn L, Chi-Rosso G, Newman B, Lobb R, Harlan,
JM. Vascular cell adhesion molecule-1 (VCAM-1) mediates lymphocyte adherence to cylokine-activated cultured
human endothelial cells. Blood 1990;76:965-972.

Graber N, Gopal TV, Wilson D, Beall LD, Polte T, Newman W. T-cells bind to cytokine-activated endothelial cells
via a novel, inducible sialoglycoprotein and endothelial leucocyle adhesion molecule-1. J Immunol 1990;145:819-830.
Barnstable CJ, Bodmer WF, Brown G, Galfre G, Milstein C, Williams AF, Ziegler A. Production of monoclonal
antibodies to group A erythroeytes, HLA and other human cell surface antigens. Cell 1978;14:9-16.

Poulter LW, Collins LA, Tung KS, Waters MFR. Parasitism of antigen presenting cells in hyperbacillary leprosy.
Clin Exp Immunol 1984;55:611-617.



21.
22,
23.
24,

25.

26.

27.
28.

29.

30.

32,

33,
34,
35,
36.
37.

38.

39.
40.
41.

Inaba K, Witmer MD, Steinman RM. Clustering of dendritic cells, helper T lymphocytes, and histocompatible B
cells, during primary antibody responses in vitro. J Exp Med 1984;160:858-876.

Green J, Jotte R. Interactions between T helper cells and dendritic cells during the rat mixed leucocyle reaction. J
Exp Med 1985;162:1546-1560.

Forbes RDC, Parfrey NA, Gomersall M, Darden AG, Guttmann RD. Dendritic cell-lymphoid cell aggregation and
major histocompatibility expression during rat cardiac allograft rejection. J Exp Med 1986;164:1239-1258.

Flechner E, Freudenthal P, Kaplan G, Steinman RM. Antigen-specific T lymphocyles efficiently cluster with
dendritic cells in the human primary mixed leucocyte reaction. Cell Immunol 1988;111:167-182.

Kabel PJ, Haan d-Meulman M, Voorbij HAM, Kleingeld M, Knol ET, Drexhage HA. Accessory cells with a
morphology and marker pattern of dendritic cells can be obtained from elutriator purified monocyte fractions. An
enhaneing effect of metrizamide in this differentiation. Immunobiol 1989;179:395-411.

Goldstein LA, Zhou DFH, Picker LJ, Minty CN, Bargatze RF, Ding JF, Butcher EC. A human lymphocyt
homing receptor, the hermes antigen, is related to cartilage proteoglycan core and link proteins. Cell 1989;56:1063-
1072,

Stamenkovic I, Amiot M, Pesando JM, Seed B. A lymphocyte molecule implicated in lymphnode homing is a
member of the cartilage link protein family. Cell 1989;56:1057-1062.

Rice GE, Munro JM, Bevilacqua MP. Inducible cell adhesion molecule 110 (INCAM 110) is an endothelial receptor
for lymphoeytes. A CD11/CD18-independent adhesion mechanism. J Exp Med 1990;171:1369-1374.

Osborn L, Hession C, Tizard R, Vassalo C, Lukowskyj S, Chiresso G, Lobb RR. Direct expression cloning of
vascular cell adhesion molecule 1 (VCAMI), a cytokine-induced endothelial protein that binds to lymphocytes. Cell
1989, 59:1203-1211.

Schwartz BR, Wayner EA, Carlos TM, Ochs HD, Harlan JM. Identification of surface proteins mediating
adherence of CD11/CD18-deficient lymphoblastoid cells to cultured human endothelium. J Clin Invest 1990;85:2019-
2022,

Freedman AS, Munro JM, Rice GE, Bevilacqua MP, Morimoto C, McIntyre BW, Rhynhart K, Pober JS,
Nadler LM. Adhesion of human B cells to germinal centers in vitro involves VLA-4 and INCAM-110. Science
1990;249:1030-1033.

Koopman G, Parmentier HK, Schuurman HJ, Newman W, Meijer CJLM, Pals ST. Adhesion of human B cells to
follicular dendritic cells involves both the lymphocyte function-associated antigen 1/intercellular adhesion molecule 1
and very late antigen 4/vascular cell adhesion molecule 1 pathways. J Exp Med 1991;173:1297-1304.

Breitmeyer JB. Lymphocyte activation. How T-cells communicate, Nature 1987;329:760-761.

Bierer BE, Burakoff SJ. T cell adhesion molecules. FASEB J 1988;2:2984-2990.

Shaw S, Luce GEG. The lymphocyte funclion-associated antigen (LFA)-1 and CD2/LFA-3 pathways of antigen-
independent human T cell adhesion. J Immunol 1987,139:1037-1045.

Koopman G, Kooyk v Y, Graaff d M, Meijer CJLM, Figdor CG, Pals ST. Triggering of the CD44 antigen on T
lymphocytes promotes T cell adhesion through the LFA-1 pathway. J Immunol 1990;145:3589-3593.

Belitsos PC, Hildreth JEK, August JT. Homolypic cell aggregation induced by anti-CD44(Pgp-1) monoclonal
antibodies and related to CD44(Pgp-1) expression. J Immunol 1990;144:1661-1670.

Jalkanen S, Bargatze RF, de los Toyos J, Butcher EC. Lymphocyte recognition of high endothelium: antibodies to
distinet epitopes of an 85-95 kD glycoprotein antigen differentially inhibit lymphocyle binding to lymph node, mucosal
or synovial endothelial cells. 1 Cell Biol 1987;105:983-990.

Pals ST, Horst E, Scheper RJ, Meijer CJLM. Mechanisms of human lymphocyte migration and their role in the
pathogenesis of disease. Immunol Rev 1989;108:111-133.

Aruffo A, Stamenkovic I, Melnick M, Underhill C, Seed B. CD44 is the principal surface receptor for
hyaluronidasc. Cell 1990;61:1303-1313.

Gallatin WM, Wayner EA, Hoffman PA, St. John T, Butcher EC, Carter WG. Structural homology between

101



4.
43.
44.

45,

11.

12,

102

lymphocyte receptors for high endothelium and class III extracellular matrix receptor. Proc Natl Acad Sei USA
1989;86:4654-4658.

Miyake K, Underhill C, Lesley J, Kincade PW. Hyaluronate can functicn as a cell adhesion molecule and CD44
participate in hyaluronate recognition. J Exp Med 1990;172:69-75.

Pals ST, Horst E, Ossenkoppele GJ, Figdor CG, Scheper RJ, Meijer CJLM. Expression of lymphocyte homing
receptor {CD44) as a mechanism of dissemination in non-Hodgkin's lymphoma. Blood 1989;73:885-888.

Jalkanen S, Joensuu H, Klemi P. Prognostic value of lymphocyte homing receptor and S value in Non-Hodgkin's
Lymphoma. Blood 1990,76:1549-1555.

Horst E, Meijer CJLM, Radaszkiewicz T, Ossekoppele GJ, Krieken v JHIM, Pals, ST. Adhesion molecules in
the prognosis of diffuse large-cell lymphoma: expression of a lymphocyte homing receptor (CD44), LFA-1
(CD11a/CD18) and ICAM-1 (CD54). Leukemia 1990;4:595-599.

Chapter 5

Drexhage HA, Plassche vd-Boers EM, Kokjé M, Leezenberg JA. Abnormalities in cell-mediated immune functions
to Haemophilus Influenzae in chronic purulent infections of the upper respiratory tract. Clin Immunol Immunopath
1983;28:218-228.

Plassche vd-Boers EM, Drexhage HA, Kokjé-Kleingeld M. The use of somatic antigen of Haemophilus Influenza
for the monitoring of T cell mediated skin test reactivity in man. J Immunol Meth 1985;83:353-361.

Plassche vd-Boers EM, Drexhage HA, KokjéKleingeld M, Leezenberg JA. Parameters of T cell mediated
immunity to commensal micro-organisms in patients with chronic purulent rhinosinusitis: A comparison between
delayed type hypersensitivity skin test, lymphocyte transformation test and macrophage migration inhibition factor
assay. Clin Exp Immunol 1986;66:516-524.

Plassche vd-Boers EM, Tas M, Haan d-Meulman M, Kleingeld M, Drexhage HA. Abnormal menocyte chemotaxis
in patients with chronic purulent rhinosinusitis: an effect of retroviral pl5E related factors in serum. Clin Exp
Immunol 1988;73:348-354.

Scheeren RA, Keehnen RMJ, Meijer CJLM, Baan vd S. Defects in cellular immunity in chronic upper airway
infections are associated with immunosuppresssive retroviral p15E-like proteins. Arch Otolaryngol Head Neck Surg.
In press.

Cianciolo GJ, Lostrom ME, Tam M, Snyderman R, Murine malignant cells synthesize a 19,000-Dalton protein that
is physico-chemically and antigenically related to the immunosuppressive retroviral protein plSE. J Exp Med
1983;158:885-900.

Cianciolo GJ, Hunter J, Silva J, Haskill JS, Snyderman R. Inhibitors of monocyte responses to chemotaxins are
present in human cancerous effusions and react with monoclonal antibodies to the pl5(E) structural protein of
retroviruses, J Clin Invest 1981;68:831-844,

Benomar A, Wang J-M, Taraboletti G, Ghezzi P, Balotta C, Cianciolo GJ, Snyderman R, Doré JF, Mantovani
A. Chemotactic factor and pl5E-related chemotaxis inhibitor in human melanoma cell lines with different macrophage
content and tumorogenicity in nude mice. | Immunol 1987;138:2372-2379.

Steinman RM, Gutchinov B, Witmer MD, Nussenzweig MC. Dendritic cells are the principal stimulators of the
primary mixed leucocyte reaction in mice. J Exp Med 1983:157:613-627.

Austyn JM, Weinstein DE, Steinman RM. Clustering with dendritic cells precedes and is essential for T cell
proliferation in a mitogenesis model. Immunology 1988;63:691-696.

Unanue ER, Beller DI, Lu CY, Allen PM. Antigen presentation: comments on its regulation and mechanism. J
Immunol 1984;132:1-4.

Twe JG, Thorbecke J, Steinman RM. Dendritic cells in the immune response: characteristics and recommended



13.

14,

16.

17.

18.
19.
20.

21.

22.
23.

24,

25.
26.

27.

28.
29.

30,

31.

nomenclature. J Reticuloendothel Soc 1982;31:371-375.

Inaba K, Steinman RM. Accessory cell-T lymphocyte interactions. Antigen-dependent and -independent clustering. J
Exp Med 1986;163:247-261.

Inaba K, Steinman RM. Monoclonal antibodies to LFA-1 and to CD4 inhibit the mixed leucocyle reaction after the
antigen-dependent clustering of dendritic cells and T lymphocytes. J Exp Med 1987;165:1403-1407.

King PD, Katz DR. Human tonsillar dendritic cells induced T cell responses: analysis of molecular mechanisms using
monoclonal antibodies. Eur | Immunol 1989;19:581-587.

Scheeren RA, Koopman G, Baan vd S, Meijer CJLM, Pals ST. Adhesion receptors involved in clustering of blood
dendritic cells and T lymphocytes. Eur J Immunol;21:1101-1105.

Kabel PJ, Haan d-Meulman M, Voorbij HAM, Kleingeld M, Knol EF, Drexhage HA. Accessory cells with a
morphology and marker patiern of dendritic cells can be obtained from elutriator purified blood monocyte fractions.
An enhancing effect of metrizamide in this differentiation. Immunobial 1989;179:395-411,

Baan vd S, Veerman AJP, Wulffraat N, Feenstra L. Primary

ciliary dyskinesia and ciliary activity. Acta Otolaryngol 1986;102:274-281.

Baan vd S, Bezemer PD, Veerman AJP, Feenstra L. A quantitative investigation of the ciliary ultrastructure with
statistical analysis. Ann Otol Laryngol 1987;96:264-272,

Reinherz EL, Penta AC, Hussey RE, Schlossman SF. A rapid method for separating functionally intact human T
lymphoeytes with monoclonal antibodies. Clin Immunol Immunopathol 1981;21:257-266.

Knight SC, Farrant J, Bryant A, Edwards AJ, Burman S, Lever A, Clarke J, Webster ADB. Non-adherent, low-
density cells from human peripheral blood contain dendritic cells and monocytes both with veiled morphology.
Immunology 1986;57:595-603.

Austyn JM, Morris PJ. T cell activation by dendritic cells. CD18-dependent clustering is not sufficient for
mitogenesis. Immunology 1988;63:537-543.

Lostrom ME, Stone MR, Tam M, Burnette WN, Pinter A, Nowinski RC. Monoclonal antibodies against murine
lcukemia viruses: identification of six antigenic determinants on the pl5(E) and gp70 envelope proteins. Virology
1979,98:336-350.

Barnstable CJ, Bodmer WF, Brown G, Galfré G, Milstein C, Williams AF, Ziegler A. Production of monoclonal
antibodies to group-A erythrocytes, HLA and other human cell surface antigens.

New tools for genetic analysis. Cell 1978;14:9-20.

Poulter LW, Campbell DA, Munro C, Janossy G. Discrimination of human macrophages and dendritic cells by
means of monoclonal antibodies. Scand T Immunol 1986:24;351-357.

Noessel v C, Miedema F, Brouwer M, Rie d M, Aarden LA, Lier v RAW. Regulatory properties of LFA-la and B
chains in human T Lymphocyte activation. Nature 1988;333:850-852.

Miedema F, Tetteroo PT, Hesselink WG, Werner G, Spits H, Melief CJM. Both F, receptors and lymphocyte-
function-associated antigen-1 on human T lymphocytes are required for antibody-dependent cellular eytotoxieity (killer
cell activation), Eur I Immunol 1984;14:518-523.

Rothlein R, Dustin ML, Marlin SD, Springer TA. A human intercellular adhesion molecule (ICAM-1) distinct from
LFA-1. J Immunol 1986,137:1270-1274.

Pals ST, Hogervorst F, Keizer GD, Thepen T, Horst E, Figdor CG. Identification of a widely distributed 90 kDa
elycoprotein that is homologous to the Hermes-1 human lymphocyte homing receptor. J Immunol 1989;143:851-857.
Tan IB, Drexhage HA, Scheper RJ, Blomberg v-Flier vd BME, Haan d-Meulman M, Snow GB, Balm AJM.
Defective monoeyte chemolaxis in patients with head and neck cancer. Restaration after treatment. Arch Otolaryngol
Head Neck Surg 1986;112:541-544.

Oostendorp RAJ, Knol EF, Verhoeven AJ, Scheper RJ. Immunosuppressive retrovirus-derived hexapeptide
interferes with intracellular signaling in monoeytes and granulocytes through N-formylpeptide receptors. J Immunol
1992;149:1010-1015,.

103



10.

11.

13.

14.

104

Chapter 6

Cianciolo GJ, Hunter J, Silva J, Haskill J§, Snyderman R. Inhibitors of monocyte responses to chemotaxins are
present in human cancerous effusions and react with monoelonal antibodies to the pl5(E) structural protein of
retroviruses. J Clin Invest 1981;68:831-844.

Cianciolo GJ, Lostrom ME, Tam, M, Snyderman R. Murine malignant cells synthesize a 19,000-Dalton protein
that is physico-chemically and antigenically related to the immunosuppressive retroviral protein pl1SE. 1 Exp Med
1983;158:885-900.

Snyderman R, Cianciolo GJ. Immunosuppressive activity of the retroviral envelope protein pl5SE and its possible
relationship to neoplasia. Immunol Today 1984;5:240-244,

Benomar A, Wang J-M, Taraboletti G, Ghezzi P, Balotta C, Cianciolo GJ, Snyderman R, Doré JF, Mantovani
A. Chematactic factor and p15E-related chemotaxis inhibitor in human melanoma cell lines with different macrophage
content and tumorogenieily in nude mice. ] Immunol 1987;138:2372-2379.

Plassche vd-Boers EM, Tas M, Haan d-Meulman M, Kleingeld M, Drexhage HA. Abnormal manocyte chemotaxis
in patients with chronie purulent rhinosinusitis: an effect of retroviral pl5E related factors in serum. Clin Exp
Immunol 1988;73:348-354,

Tas M, Leezenberg JA, Drexhage HA. Beneficial cffects of the thymic hormone preparation thymostimulin in
patients with defects in cell-mediated immunity and chronic purulent rhinosinusitis. A double-blind cross-over trial on
improvements in monocyte polarization and clinical effects. Clin Exp Immunel 1990;80:304-313.

Scheeren RA, Oostendorp RAJ, Baan vd S, Keehnen RMJ, Scheper RJ, Meijer CJLM. Distribution of retroviral
pl5E-related proteins in neoplastic and non-neoplastic human tissues, and their role in the regulation of the immune
response. Chin Exp Immunol 1992;89:94-99,

Scheeren RA, Keehnen RM]J, Meijer CJLM, Baan vd 8, Defects in cellular immunity in chronic upper airway
infections are associated with immunosuppressive retroviral plSE-like proteins. Arch Otolaryngol Head Neck Surg. In
press.

Drexhage HA, Plassche vd-Boers EM, Kokjé M, Leezenberg JA. Abnormalitics in ccll-mediated immune functions
to Hacmophilus Influenzae in chronic purulent infections of the upper respiratory tract. Clin Immunol Immunopath
1983:28:218-228.

Plassche vd-Boers EM, Drexhage HA, Kokjé-Kleingeld M, Leezenberg JA. Parameters of T cell mediated
immunity to comimensal micro-organisms in patients with chronic purulent rhinosinusitis: A comparison between
delayed type hypersensitivity skin test, lymphocyte transformation test and macrophage migration inhibition factor
assay. Clin Exp Immunol 1986;66:516-524.

Scheeren RA, Keehnen RMJ, Kamperdijk EWA, Meijer CJLLM, Baan vd S. Decreased function of blood dendritic
cells n patients with chronic infections of the upper respiratory tract. Effect of retroviral p15E related serum proteins,
Submitted for publication.

Cianciolo GJ, Lostrom ME, Tam, M, Snyderman R. Murine malignant cells synthesize a 19,000-Dalton protein
that is physico-chemically and antigenically related to the immunosuppressive retroviral protein p15E. J Exp Med
1983;158:885-900.

Lostrom ME, Stone MR, Tam M, Burnette WN, Pinter A, Nowinski RC. Monoclonal antibodies against murine
leukemia viruses: identification of six antigenic determinants on the pl15(E) and gp70 envelope proteins. Virology
1979,98:336-350.

Reinherz EL, Penta AC, Hussey RE, Schlossman SF, A rapid method for separating functionally intact human T
lymphocytes with monoclonal antibodies. Chin Immunol Immunopathol 1981;21:257-266.

Knight SC, Farrant J, Bryant A, Edwards AJ, Burman 8, Lever A, Clarke J, Wehster ADB. Non-adherent, low-
density cells from human peripheral blood contain dendritic cells and monocytes both with veiled morphology.
Immunology 1986,57.595-603.



16.

17.

18.
19.
20.

21.

22,

24.

Austyn JM, Morris PJ. T cell activation by dendritic cells. CD18-dependent clustering is not sufficient for
mitogenesis. Immunology 1988;63:537-543.

Kabel PJ, Haan d-Meulman M, Voorbij HAM, Kleingeld M, Knol EF, Drexhage HA. Accessory cells with 2
morphology and marker pattern of dendritic cells can be obtained from elutriator purified blood monocyte fractions.
An enhancing effect of metrizamide in this differentiation. Immunobiocl 1989;179:395-411.

Mullink H, Blomberg v-Flier vd M, Wilders M, Drexhage HA, Alons CL. A simple cytochemical method for
distinguishing EAC rosettes formed by lymphocytes and monocytes. ] Immunel Methods 1979;29:133-137.

Pertoft H, Johnsson A, Wiirmegard B, Seljelid R. Scparation of human monocytes on density gradients of Percoll. J
Immunol Methods 1980;33:221-229.

Cianciolo GJ, Snyderman R. Monocyte responsiveness to chemotactic stimuli in vitro is a property of a
subpopulation of human mononuclear cells which can respond to multiple chemoaltractants. J Clin Invest 1981;67:60-
68.

Tan 1B, Drexhage HA, Scheper RJ, Blomberg v-Flier vd BME, Haan d-Meulman M, Snow GB, Balm AJM.
Defective monocyte chemotaxis in patients with head and neck cancer. Restoration after treatment. Arch Otolaryngol
Head Neck Surg 1986;112:541-544.

Boer d M, Roas D. Metabolic comparison between basophils and other leukocytes from human blood. ] Immunol
1986; 136:3447-3454.

Knol EF, Koenderman L, Mul FPJ, Verhoeven AJ, Roos D. Differential activation of human basophils by anti-IgE
and formyl-Methionyl-Leucyl Phenylalanine. Indications for protein kinase C-dependent and independent activation
pathways. Eur J Immunol 1991;21:881-885.

Fuller RW. Macrophages. In Barnes PJ, Rodger IW, Thomson NC, eds. Asthma: Basic mechanisms and clinical
management. London: Academic Press, 1991,

Chapter 7

Oostendorp RAJ, Knol EF, Verhoeven AJ, Scheper RJ. Immunosuppressive retrovirus-derived hexapeptide
interferes with intracellular signaling in monocytes and granulocytes through N-formylpeptide receptors. J Immunol
1992;149:1010-1015,

Cianciolo GJ, Hunter J, Silva J, Haskill JS, Snyderman R. Inhibitors of monocyte responses to chemotaxins are
present in human cancerous effusions and react with monoclonal antibodies to the pl3(E) structural protein of
retroviruses, J Clin Invest 1981;68:831-844.

Tas M. Immunosuppression by retroviral-related factors. Restoration of pI15E-like effects by thymic hormones.
Academical thesis. Rotterdam, 1992,

Cianciolo GJ, Phipps D, Snyderman R. Human malignant and mitogen-transformed cells contain retroviral p15E-
relaled antigen. J Exp Med 1984;159:964-969.

Tan IB, Drexhage HA, Scheper R], Blomberg v-Flier vd BME, Haan d-Meulman M, Snow GB, Balm AJM.
Immunosuppressive retroviral plSE-related factors in head and neck carcinomas. Arch Otolaryngol Head Neck Surg
1986;112:942-945.

Tas M, Laarman D, Haan d-Meulman M, Balm AJM, Snow GB, Drexhage HA. Retroviral pl5E-related
serumfactors related to reeurrence of head and neck cancer. Submitted for publication.

Tas M, Leezenberg JA, Drexhage HA. Beneficial effects of the thymic hormone preparation thymostimulin in
paticnts with defects in cell-mediated immunity and chronic purulent rhinosinusitis. Clin Exp Immunol 1990;80:304-
313.

Scheeren RA, Oostendorp RAJ, Baan vd S, Keehnen RMJ, Scheper RJ, Meijer CJLM. Distribution of retroviral
pl5E-related protcins on neoplastic and non-neoplastic human tissues, and their role in the regulation of the immune

105



10.
1.

12.

106

response. Clin Exp Immunol 1992;89:94-99.

Abraham GN, Khan AS. Human endogenous retroviruses and immune disease. Clin Immunol Immunopathol
1990;56:1-8.

Repaske R, Steele PE, O'Neill RR, Rabson AB, Martin MA. Nucleotide sequence of a full-length human
endogenous retroviral segment. J Virol 1985;54:769-772.

Cohen M, Powers M, (’Donnell C, Kato N. The nucleotide sequence of the env gene from the human provirus
ERV-3 and isolation and characterization of an ERV-3 specific e DNA. Virology 1985;147:449-458.

Kato N, Larsson E, Cohen M. Absence of expression of a human endogenous retrovirus is correlated with
choriocarcinoma. Int J Cancer 1988;41:380-385.



Curriculum vitae

Robert Scheeren werd op 10 februari 1962 geboren te Leiden. Na het behalen van het Atheneum examen
aan het St. Paulus Lyceum te Tilburg in 1980, werd de studie geneeskunde aan de Rijksuniversiteit van
Leiden begonnen. Het artsexamen werd behaald op 23 september 1988, waarna hij als assistent-in-opleiding
(AIO) 2 jaar (tot 1 oktober 1990) werkzaam was op de afdelingen Keel-, Neus- en Oorheelkunde en
Pathologie van het Academisch Ziekenhuis van de Vrije Universiteit te Amsterdam. Op 1 oktober 1990 werd

een aanvang gemaakt met de opleiding tot Keel-, Neus- en Oorarts in hetzelfde ziekenhuis (opleider: Prof.dr.
G.B. Snow).

107






CHRONIC UPPER AIRWAY INFECTIONS

The role of p15E-like proteins and defects
in cell-mediated immunity

STELLINGEN

Humane p15E-achtige eiwitten komen voornamelijk tot expressie in het epitheel van de bovenste
luchtwegen.

De plSE-achtige serumeiwitten die bij patienten met chronische bovenste luchtweginfecties
voorkomen, worden vooral in het chronisch ontstoken slijmvlies geproduceerd.

Parti€le defecten in de cellulaire immuniteit komen voor bij patienten met chronische bovenste
luchtweginfecties en zijn al aanwezig op het niveau van de inductie van de immuunrespons.

Endoscopische verwijdering van chronisch ontstoken neus(bijholten)slijmvlies, gecombineerd met
postoperatieve locale corticosteroidtherapie, resulteert in verminderde aanwezigheid van p15E-achtige
serumeiwitten en daaraan gerelateerd, verbetering van de partiéle defecten in de cellulaire
immuniteit.

Het meten van de bioactiviteit van p15E-achtige serumeiwitten kan van ondersteuning zijn bij de
follow-up van patienten met chronische bovenste luchtweginfecties.

De clustering tussen bloed dendritische cellen en T-lymfocyten verloopt voornamelijk via LFA-
1I/ICAM-1. -

Postoperatieve controle na endoscopische neusbijholtenchirurgie dient endoscopisch te geschieden.

Preparaten welke naast een corticosteroid een antibioticum bevatten, zijn voor de locale behandeling
van ooraandoeningen irrationeel.
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Het feit dat verzekeraars vervanging van hoorapparaten financieren indien deze ouder zijn dan 5 jaar,
moet niet per se inhouden dat elk hoorapparaat na 5 jaar vervangen dient te worden.

Een deel van de kritiek op het werk van de justitiéle kinderbescherming komt voort uit het
geprojecteerde onvermogen van de samenleving zichzelf daadwerkelijk en effectief in te zetten voor
de belangen van het kind.

Als partners kan men scheiden, als ouders nooit.

De kans dat een boterham met pindakaas met de besmeerde zijde op de grond belandt is exponentieel
evenredig aan de prijs van het tapijt.

Medische risico’s in de sportwereld, is een eufemisme voor het gebruik van stimulerende middelen.

No man’s opinions are better than his information. Paul Getty (1960).

Robert Scheeren



