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General Introduction 

In the nineteenth century, Paul Ehrlich was the first investigator to describe cells 
in blood that stained metachromatically when exposed to basic dyes. For this 
reason, he called these cells "basophilic granulocytes"1. This staining is caused 
by the presence of highly sulfated proteoglycans in the secretory granules in 
these cells. In human basophils this is predominantly chondroitin sulfate A2. The 
granules have a diameter of about 1.2 urn. The basophilic granulocytes 
themselves have a diameter of about 10 urn, are polymorphonuclear and have a 
relatively smooth plasma membrane contour (Figure 1). Basophils normally 
reside in the circulation. During allergic reactions, particularly in the allergic late-
phase reaction, these cells enter the tissues at sites of allergic inflammation. 

Fig 1. Electron 
microscopic 
picture of a 
basophilic 
granulocyte from 
human blood. 
Note the many 
typical basophilic 
granules in the 
cytoplasm (matrix 
of granules 
stained with 
BB1). 

photo by J. 
Calafat, reprinted 
from A. R. 
McEuen et al. : 
Subcellular 
localisation and 
preliminary 
characterisation 
of a novel 
mediator stored 
and released by 
basophils 
(submitted 
article) 



Chapter 1 

Origin of human basophilic granulocytes, differences with mast cells 

Because not only basophils, but also mast cells are metachromatic, contain 
histamine and express Fc receptors that bind immunoglobulin E with high 
affinity (FcsRI), basophils and mast cells have in the past been thought to be 
intimately related in lineage. However, in spite of the common features, 
basophils and mast cells are distinguishable by morphology3, location, mediator 
content4, cell surface markers5, and response to various agents6,7. Furthermore, 
although basophils and mast cells are derived from multipotent hematopoietic 
progenitor cells8"12, their immediate precursor cells are not identical and respond 
to different growth factors. On the other hand, it has been described that 
basophils from patients with an allergic ailment contain proteases like chymase, 
tryptase and carboxypeptidase, which in healthy individuals are found in mast 
cells and not in basophils13. In healthy individuals basophil precursor cells 
completely differentiate in the bone marrow, whereas mast cells develop from 
circulating multipotent precursor cells (CD34+, CD117+)11,14. Mast cell 
differentiation can be induced by stem cell factor12,15,16 (SCF) and IL-617. 
Basophils differentiate from the same colony-forming units from which also 
eosinophilic granulocytes are derived18 (CFU eo/baso). Basophils differentiate 
under the influence of lnterleukin-3 (IL-3), IL-5 as well as granulocyte 
macrophage-colony stimulating factor (GM-CSF). For eosinophils, IL-5 is the 
terminal differentiation factor19,20, whereas for basophils IL-3 is the strongest, 
but not the only differention-inducing agonist21"23. Forms of leukemia in which an 
increased number of basophils, eosinophils as well as cells with combined 
characteristics are found24,25 underline the existence of a common precursor for 
these cells. 

Contents of human basophilic granulocytes 

Basophil granules contain histamine (a biogenic amine), chondroitin sulfate A (a 
proteoglycan) and Charcot-Leyden crystal protein (a lysophopholipase). 
Histochemical evaluation of protease activity in basophils showed no detectable 
proteolytic activity26. Eosinophil major basic protein (MBP) has also been 
detected in basophil granules, but it is unknown whether MBP is produced by 
basophils or endocytosed (as in mast cells)27,28. 
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General Introduction 

Release of mediators 

Upon activation, basophils can release stored and de novo synthesized 
mediators (Figure 2). The demonstration of cytokine production by mast cells 
after FcsRI cross-linking29 has initiated interest in cytokine production by 
basophils. 

ACTIVATION OF BASOPHILS 
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Release 
reactions 
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Basophils 
can 
activated 
release 
preformed 
newly 
synthesized 
mediators in 
three 
different 
ways. First, 
IgE bound to 
FcsRI can be 
cross-linked 
by allergen 
or anti-lgE. 
Second, 
peptide 
chemotaxins 
or 
chemokines 
can bind to 
sevenspan 

receptors on the basophil surface. Third, nonspecific activators such as phorbol esters 
or calcium ionophores can directly activate signal transduction cascades. Preformed 
mediators are stored in granules, which fuse with the cell membrane after activation. 
Newly synthesized mediators can be generated either from membrane lipids or through 
protein synthesis. 

Histamine 

Histamine is a stored mediator that is released after fusion of basophil granules 
with the plasma membrane (degranulation). Apart from its direct 
brochoconstrictive effect, histamine is known to have immunoregulatory effects, 
e.g. it inhibits IL-2 and IFN-y production in T cells as well as TNF-a production in 
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LPS-stimulated peripheral blood mononuclear leukocytes and monocytes . In 
addition, it increases the expression of P-selectin on endothelium33,34. Also an 
enhancing effect of histamine on GM-CSF production by mononuclear cells has 
been described35. 

IL-4 
Basophils activated by IgE-dependent stimuli synthesize and secrete amounts 
of IL-4 in a time frame consistent with the allergic late-phase reaction. IL-4 
mRNA can be detected 30 min after activation, and the cytokine itself is 
measured in culture supematants with levels peaking at 4 to 6 hours36. It is 
thought that the intracellular signals that control IL-4 secretion are segregated 
from those regulating degranulation, because C5a and fMLP do not induce IL-4 
production unless IL-3 is used as a co-stimulus, while C5a and fMLP alone are 
potent stimuli of histamine release37. Additionally, raising PKC activity by PMA 
results in histamine release but does not induce IL-4 secretion38. The production 
of IL-4 by basophils can be substantial, because it has been shown that in 
mixed leukocyte cultures challenged with specific antigen, basophils appear to 
be the most important source of IL-4 secretion36,39"41. Moreover, basophils 
produce much more IL-4 than mast cells do42. 

IL-13 
IL-13 shares many biological properties with IL-443, probably as a result of 
shared receptor components44. For instance, Ig isotype switching in B 
lymphocytes from IgM to IgE, upregulation of CD23 and HLA class II molecules 
on B lymphocytes and increasing the expression of VCAM-1 on endothelial cells 
is enhanced by IL-4 as well as by IL-1345"48. However, although IL-13 shares 
various features with IL-4, there are also differences in functional activities. For 
example, IL-13 does not induce differentiation of lymphocytes to the Th2 
phenotype, thus it does not modulate T cell function in the way IL-4 does39,49. 
Also a differential regulation of IL-13 and IL-4 secretion has been reported. 
IL-13 production by basophils induced by IgE-dependent as well as by 
IgE-independent stimuli showed slower kinetics than that of IL-4 production, with 
half maximal levels at 6 to 8 hours and peak levels at 24 hours50"52. It is 
interesting that substantial IL-13 production can be induced by IL-3 alone. The 
IL-13 production induced by IL-3 is not correlated with histamine release, nor 
with IL-13 production upon stimulation with IL-3 together with anti-lgE. It has 
been hypothesized that IL-13, in the absence of T cells (which produce IFN-y 
upon IL-13 stimulation), enhances and sustains production of IgE in the 
absence of IL-4. Because basophils also express CD40L 53, an important 
co-stimulus for IgE synthesis by B cells, basophils might display a T cell 
"independent" regulatory function in IgE production41. 
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Leukotrienes 
Besides monocytes, neutrophils, eosinophils and mast cells, also basophils are 
capable of synthesizing leukotrienes54. Leukotrienes are derived from the 
membrane component arachidonic acid (AA) and are members of a group 
known as eicosanoids55,56. Phospholipase A2 initiates the synthesis of 
leukotrienes by cleaving arachidonic acid from phospholipids in the cell plasma 
membrane (Figure 3). A complex of 5-lipoxygenase (5-LO) and the 
5-lipoxygenase-activating protein (FLAP) converts AA into leukotriene At57"60. 
LT A4 is then transformed by leukotriene C4 synthase to LTC4

61. LTC4 is the 
starting point for LTD4 synthesis which is subsequently converted to LTE .̂ 
Slow-reacting substance of anaphylaxis (SRS-A), as these three cysteinyl 
leukotrienes were formerly called, is known to cause slow-onset but sustained 
contraction of smooth muscles. This reaction adds to the airway obstruction in 
asthma produced by histamine, but is a distinct phenomenon62,63. As a study 
with a cysteinyl leukotriene receptor antagonist in asthmatic patients indicates, 
the airway obstruction induced by the cysteinyl leukotrienes is distinct from the 
effect of ß-adrenoreceptor agonists64. Furthermore, it has been suggested that 
LTD4 can induce hyperresponsiveness by superoxide anion radical formation65, 
which might explain the improvement in clinical condition of patients with airway 
hyperresponsiveness by inhibition of leukotriene generation66. Finally, cysteinyl 
leukotrienes are chemotactic factors for eosinophils67 and can thus contribute to 
the airway inflammation by eosinophil recruitment. 

Platelet-activating factor 
It has been described that in addition to neutrophils, eosinophils, monocytes, 
platelets, endothelial cells and mast cells, also basophils, produce platelet-
activating factor (PAF)68. PAF (1-0-alkyl-2-acetyl-sn-glycero-3-phosphocholine) 
was originally described as a proaggregatory basophil-derived mediator of 
anaphylaxis in the rabbit69. PAF can be synthesized by two pathways. In the de 
novo pathway PAF is formed from 1-0-alkyl-2-acetyl-sn-glycerol by 
cholinephosphotransferase. In the so-called remodelling pathway lyso-PAF is 
converted by acetyltransferase to PAF (Figure 3). PAF acetyl hydrolase converts 
PAF back to its inactive "precursor" lyso-PAF. The effects of PAF are broad and 
include increased vascular permeability, vasodilatation, Chemotaxis of 
neutrophils and eosinophils, priming and activation of eosinophil degranulation 
and priming of basophil degranulation and LTC4 release70"73. The finding that 
inhalation of PAF induces a bronchial hyperresponsiveness that can persist for 
2 weeks74 marks PAF as an interesting study object in asthma. However, 
studies with synthetic PAF antagonists failed to show favourable effects75"78. 
Still, PAF is recognized as a potent mediator in the allergic inflammation. 

15 



Chapter 1 
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Fig 3. Production of lipid mediators by phospholipase A2 (PLA2). PLA2 hydrolyzes 
phospholipid and produces lysophospholipid and fatty acid. In mammalian cells, 
arachidonic acid is enriched in the sn-2 position of membrane phospholipids. Free 
arachidonic acid can be metabolized by 5-lipoxygenase (5-LO) or cyclo-oxygenases 1 
and 2 (COX1 and COX2) to generate numerous lipid mediators, such as prostaglandins 
(PG), leukotrienes (LT), and thromboxanes (TX). Some lysophospholipids, such as 
lysophatidic acid (lyso-PA), can also mediate cellular activation, and alkyl-
lysophoshatidylcholine (lyso-PAF) can be acetylated to produce platelet-activating 
factor (PAF), a potent mediator involved in numerous physiological and pathological 
responses. Some of the biological effects of these lipid mediators are indicated. 
Reprinted from M.A. Gijon and C.C. Leslie. Regulation of arachidonic acid release and 
cytosolic phospholipase activation. J Leukoc Biol 1999;65:330-336. 
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Histamine release from human basophilic granulocytes 

IgE-receptor-mediated histamine release 
Cross-linking of IgE bound to the high-affinity FcsRI (Ka = 109 mol/L) gives rise 
to basophil degranulation79"80 (Figure 2). Basophils express 104 to 106 FcsRI per 
cell on their surface81. Degranulation occurs with clustering of 1 to 15% of these 
receptors on the cell surface82. Cross-linking of the IgE-receptor by anti-lgE 
induces histamine release that can be inhibited by wortmannin but not by 
pertussis toxin or staurosporine83,84. Thus, this route involves PI3-kinase, but 
not a (pertussis toxin-sensitive) G-protein or protein kinase C. 

The IgE receptor consists of 4 subunits, one a-chain, one ß-chain and 
two y-chains (Figure 4). The a-chain is responsible for the binding of IgE, but 
appears of no importance to the signalling85. Also the ß-chain seems (at least in 
transformed rat basophilic leukocytes) not essential for activation via the IgE 
receptor86. Associated with the ß-chain is a tyrosine kinase of the src family, 
Lyn. Like the ß-chain, the two y-chains possess so-called ITAM's 
(Immunoreceptor Tyrosine-based Activation Motifs) that are indispensable for 
signalling via the IgE receptor. These ITAM's are conserved sequences, which 
are found also in elements of the T-cell-, of the B-cell- and of the Fcy-receptors 
antigen receptor. The ITAM's on the y-chains of the FceRI are docking sites for 
SH2 (Src homology region 2) domains of a non-transmembrane protein 
tyrosine-kinase, Syk. Recently, ZAP-70, a tyrosine kinase previously described 
in T cells, has been detected in basophils; its role in basophil activation has yet 
to be explored87. 

Signal transduction induced by the IgE receptor starts with clustering of 
the receptor, leading to (auto)phosphorylation of the ß-chain and Lyn, a 
receptor-associated tyrosine kinase88. Subsequently, the ITAM's in the y-chains 
of the IgE receptor are phosphorylated. This reveals the docking sites for Syk. 
Syk then transfers to the plasma membrane, where it is phosphorylated. 
Although this process also takes place in the absence of Lyn, phosphorylation 
of the y-chains as well as of Syk is potently enhanced by Lyn, thus amplifying 
the reaction89. The Fes receptor expressed in other cells than basophils or mast 
cells90"93 lacks this amplification, because the receptor in these cells lacks the 
ß-chain. 

Activated Syk phosphorylates phospholipase C, which causes turnover of 
phosphatidylinositol-4,5-bisphosphate (PIP2) to diacylglycerol (DG) and inositol-
1,4,5-trisphosphate (IP3) (Figure 4). Subsequently, the free cytosolic Ca2+ 

concentration is increased by Ca2+ release from IP3-sensitive, intracellular Ca2+ 

stores. Furthermore, DG enhances the activity of PKC. These reactions initiate 
reorganisation of the cytoskeleton and lead to degranulation. 
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About 10-20% of the Caucasian population have basophils that do not 
respond with histamine release to cross-linking of their membrane-bound IgE94. 
Although the degranulation and rise in cytosolic Ca2+ concentration after IgE 
cross-linking is impaired, other cellular events, such as activation of PKC and ß2 

integrin-mediated homotypic aggregation is normal . After culture of non-
releasing basophils for several days in the presence of IL-3, the remaining 
basophils regain degranulating properties upon addition of anti-lgE96. Recently, 
it was demonstrated that the basophils of non-responding donors lack Syk and 
display reduced levels of Lyn. The level of Syk was restored after a 4-day 
culture of these basophils in the presence of IL-3. Surprisingly, other cells in 
these donors display normal Syk levels97. 

FcsRI-mediated signal transduction 

a 

P C l ^ 

a 

PLA2 

a Ca2+ 

arachidonic 
acid 

PAF 

5-lipoxygenase 

leukotriene C4 

Fig 4. FcsRI-mediated signal transduction. The IgE receptor FcsRI on human basophils 
consists of four subunits, an a subunit with one transmembrane region, a ß subunit with 
four transmembrane regions, and two y subunits with each one transmembrane region and 
a very short extracellular region. Cross-linking of IgE bound to FcsRI leads to clustering of 
the receptor on the cell surface, which induces a cascade of tyrosine-phosphorylation 
events (see text). This results eventually in activation of phospholipase A2 and 
phospholipase Cy, starting the generation of lipid mediators and the release of granule 
constituents, respectively. 
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Complement- and formyl-methionyl-leucyl-phenylalanine-induced histamine 
release 
Complement fragment C5a and the bacterial tripeptide formyl-methionyl-leucyl-
phenylalanine (fMLP) are potent chemoattractants and (at higher 
concentrations) activators of neutrophils, eosinophils, basophils and monocytes. 
C5a and fMLP activate basophils (Figure 2), but not mast cells, leading to the 
possibility of selective activation. The release reactions induced by these two 
stimuli have many similarities. FMLP and C5a-induced release reactions are 
very rapid (tV2 <30 sec.) in contrast to anti-lgE-induced release reactions, and 
are inhibited by staurosporine83,98. Moreover, fMLP- and C5a-induced histamine 
release can be inhibited by pertussis toxin84. However, it has been shown that 
fMLP stimulation results in the combined release of histamine and LTC4, 
whereas C5a addition results solely in histamine release". 

Cytokine-induced histamine release 
Cytokines with chemotactic activity (chemokines) of the C-C group, such as 
RANTES, MCP-1, MCP-2, MCP-3, eotaxin and eotaxin-2, have been described 
to induce histamine release100"104. Also from the C-X-C group, IL-8, CTAP-III 
(connective tissue-activating peptide-lll) and NAP-2 (neutrophil-activating 
peptide-2) have histamine releasing properties, although much less potent than 
C-C chemokines105. None of these chemokines induces histamine release from 
mast cells derived from skin, lung or uterus106"108. Other cytokines, such as IL—3, 
IL—5 or GM-CSF, are considered not to induce histamine release under 
physiological conditions, but to render the cells susceptible to other stimuli, or to 
potentiate the response to other stimuli1 °109112. This last phenomenon is called 
priming. As mentioned before, it has been described that basophils that did not 
respond to anti-lgE were converted to responding basophilic granulocytes after 
being cultured with IL-3 for three days96. In the supernatants of activated 
lymphocytes, histamine-releasing factors have been demonstrated. Most of 
these histamine release-promoting activities have been attributed to chemokine 
activity113. Another IgE-dependent histamine-releasing factor has been cloned 
recently114, but its mechanism and importance in basophil activation is not yet 
clear. 

PMA-induced histamine release 
Activation of protein kinase C (PKC) by phorbol esters leads to histamine 
release with slower kinetics ( W = 30 min) compared to those of anti-lgE or 
fMLP83,115. Stimulation with phorbol-myristate acetate (PMA) is sensitive to the 
inhibitor staurosporine, but insensitive to wortmannin or pertussis toxin83,84. 
Homotypic aggregation of basophils is rapidly induced by PMA, as is the 
activation of PKC (tmax < 3 min)116,117. Also, only histamine release is induced by 
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PMA, i.e. production of neither cytokines nor leukotrienes is initiated. After 
stimulation with PMA, the PKC isozymes PKCßl, PKCß2 and PKCs are 
translocated within 5 min to the plasma membrane. However, translocation of 
PKC5 is not apparent118. The role of Ca2+ ions in the PMA-induced histamine 
release is ambiguous. PMA-induced histamine release is independent of 
extracellular calcium, but suboptimal concentrations of PMA that do not induce 
histamine release, cause histamine release when combined with (suboptimal) 
doses of ionomycine (a Ca2+ ionophore). The role of PKC in the induction of 
histamine release by other stimuli than PMA is not clear. fMLP causes modest 
translocation of all PKC isozymes, while crosslinking of the IgE receptor does 
not lead to detectable translocation119. More research is needed to determine 
the role of PKC in degranulation of human basophils. 

RoleofCa2+ 

The signalling of intracellular Ca2+ differs among the various routes of basophil 
activation. Upon incubation of the cells with anti-lgE, the concentration of free 
intracellular Ca2+ ions ([Ca2+]j) rises after a lagtime of about 30 sec. In contrast, 
fMLP induces an immediate [Ca2+]i rise due to release of Ca2+ from intracellular 
stores followed by Ca2+ influx. C5a induces Ca2+ release from intracellular stores 
but almost no Ca2+ influx, whereas PMA does not influence the [Ca2+]i at 
all119,120. Anti-lgE-induced histamine release is correlated with the rise in 
[Ca2+]i121. 

Allergy 

Allergic patients produce enhanced levels of IgE in response to exposure to 
allergens. This genetically determined capacity is called atopy122. It is clear that 
the enhanced IgE levels in allergy are caused by disturbance of the balance in 
cytokine production from IFN-y and IL-12 towards IL-4, IL-5, IL-10, IL-13 and 
GM-CSF. This favours the development of Th2 cells, resulting in production of 
IgE by B lymphocytes123. Entry of allergens through the airways, by skin contact 
or by ingestion results in cross-linking of receptor-bound IgE on mast cells and 
basophils. This triggers the release of mediators such as histamine, LTB4, 
cysteinyl leukotrienes, PAF and prostaglandin D2, which results within minutes 
in the so-called early allergic response (EAR). These mediators give rise to 
symptoms such as sneezing, rhinorrhoea (in the upper respiratory tract), 
bronchoconstriction (in the lower respiratory tract) and itching (of the skin) 

Besides release of allergic mediators, production and release of 
cytokines, chemokines and vasoactive mediators takes place. As a 
consequence, an influx of eosinophils, neutrophils, basophils and lymphocytes 
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to the site of allergic inflammation occurs. This late allergic response arises 4 to 
24 hours after the initial response. The inflammatory cells and their toxic 
products account for the tissue damage and chronic inflammation seen in 
chronically affected allergic patients. Between the end of the early response and 
the onset of the late reaction the patients are often symptom free124. 

Asthma 

It is estimated that 10% of all children and 5% of all adults have asthma (these 
figures are conservative for Western countries but overestimate the situation in 
some developing countries125), bringing the global burden of asthma to about 
130 million people. The mortality rate in Western countries varies between 1 to 
5 per 100,000 inhabitants, resulting in about 60,000 deaths each year, among 
which are many young people126,127. 

The definition of asthma is multiple. To the patient, asthma means 
episodes of wheezing, shortness of breath, chest tightness and cough that can 
interfere with daily activities and sleep. To the pathologist, asthma means the 
presence of mucous hypersecretion, airway inflammation and smooth muscle 
hypertrophy. To the physiologist, asthma means the presence of airway 
hyperresponsiveness to a range of chemical, microbiologic, physical and 
immunologic stimuli. For the immunologist, asthma is a chronic inflammatory 
disorder in which many cells (e.g. mast cells, basophils, dendritic cells, 
eosinophils, T cells, epithelial cells) and cellular elements (receptors, IgE, 
cytokines) play a role. Furthermore, there are pharmacological views based on 
possible therapeutic intervention, and there are genetic correlations. Finally, 
there are environmental facets of allergy and asthma. These many features 
illustrate that asthma is a multifactorial, complex disorder. Based on the 
presence of detectable specific IgE, asthma has been named extrinsic ("allergic 
asthma") or intrinsic ("non-allergic asthma"). In the latter condition, no specific 
IgE to allergens is detected. 

Genetics 
There are inherited components of the asthma phenotype, but the specific 
genes have yet to be identified. Potential loci are found on chromosomes 5,6,12 

1 ?8 1 2Q 

and 14 .All data currently suggest that asthma is most likely transmitted by 
multiple genes, as reflected by the various components that determine asthma 
pathogenesis. Probably, polymorphisms in different genes in different 
individuals lead to the same phenotype and multiple genes may act in the same 
individual. Finally, it is thought that certain genes can modify asthma severity or 
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the response to asthma treatment, even though these genes do not cause 
asthma themselves130,131. 

Mechanisms of inflammation 
In allergic asthma the pattern of cytokine production is as typical as that 
described for other allergic ailments. Dendritic cells could play an important role 
in orchestrating airway inflammation132, especially by expression of accessory 
molecules of the B7 series that could interact with CD28 on T cells133. Influx of 
eosinophils, neutrophils, basophils and lymphocytes to the site of allergic 
inflammation is a complex event. The first stage involves rolling over the 
endothelium by selectins and carbohydrate counter structures. After this sticking 
the next stage of firm adhesion is mediated by members of the immunoglobulin 
superfamily on the endothelium (including ICAM-1134) to the integrin family on 
the leukocytes (including LFA-1 and Mac-1). Lymphocytes, eosinophils and 
basophils, and to a lesser extent neutrophils, can also interact via ß1 integrins 
(VLA-4) to VCAM-1135136. A lot of data has been gathered studying constitutive 
expression as well enhanced expression of these molecules after cytokine 
stimulation. The results of these in vitro experiments have to be interpreted with 
care. However, E-selectin, ICAM-1 and VCAM-1 have been demonstrated to be 

1 37-1 39 

elevated in biopsies of allergic asthmatics 
The far-reaching capacity of circulating inflammatory cells and their 

products to cause allergic symptoms is illustrated by the appearance of 
symptomatic peanut allergy in a recipient of a liver transplant, probably caused 
by transferred T cells140. Also bone-marrow transplantations have been 
described to transmit allergic disorders to non-atopic recipients141. On the other 
hand, it has been shown that transferring a lung from an asthmatic patient to a 
non-allergic individual caused asthmatic symptoms, whereas an asthmatic 
patient receiving a "healthy" lung was symptom-free142. However, the clinical 
circumstances in these "ultimate experiments", such as the need for 
immunosuppressive drugs or the reconstruction of innervation, could interfere 
with the results. Nevertheless, it is clear that besides circulating inflammatory 
cells also parts of the target organ itself play an important role in the episodes of 
inflammation. 

One of the local factors is the epithelium. The epithelium has been known 
already for a long time to be involved in the inflammatory response, as shown 
by Creola bodies (clumps of epithelial cells) in sputum of asthma patients after 
an exacerbation143. Not only in cases of fatal asthma, but also in patients with 
mild asthma, epithelial cell layers are damaged144'145. Especially eosinophils are 
thought to be responsible for increased permeability of the epithelium and 
detachment from the basal membrane146"148. A disrupted epithelial layer results 
in loss of ciliary function and inadequate formation of the airway lining fluid that 
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helps protecting the airway from e.g. oxidants. Also, an increased permeability 
allows penetration of allergens and other inflammatory stimuli. Furthermore, 
repair mechanisms cause release of growth factors, such as platelet-derived 
growth factor, basic fibroblast growth factor and endothelin-1, that cause a 
thickened basement membrane149. Moreover, the epithelium is not just a 
passive barrier between the outside of the body and the internal environment. 
Its active participation is noticeable in the production of cytokines such as 
GM-CSF, IL-6 and IL-8. Also, inducible nitric oxide (NO) synthase has been 
found in epithelial cells150. This is not limited to the epithelium but can also be 
found in e.g. vascular endothelial cells and smooth muscle cells150. 

The role of NO produced by the NO synthase is not clear. Nitric oxide 
has been demonstrated to be higher in the exhaled air of asthma patients 
compared to controls151,152. Treatment with inhaled corticosteroids reduces this 
amount of NO to levels of controls. Because inhaled corticosteroids are believed 
to act at the airway surface, and NO production of epithelial cells in vitro can be 
inhibited by dexamethasone, the epithelial cells may be an important NO 
source153. It has been hypothesized that NO production may inhibit Th1 
lymphocytes154 and therefore supports local Th2 cytokine production. Inhibition 
of NO synthase would then be beneficial in asthma. In an animal model, 
inhibitors of NO synthase indeed inhibited an evoked bronchial 
hyperresponsiveness155. On the other hand, NO is a potent relaxant of airway 
smooth muscle. When given to asthmatics via inhalation, it is a mild 
bronchodilator and can partly inhibit the bronchoconstriction induced by 
cholinergic stimuli156. Another beneficial effect of NO is the scavenging of free 
radicals157. So, to date the role of NO in asthma appears ambiguous. 

Neuropeptides such as neuropeptide Y, substance P, calcitonin 
gene-related peptide and vasoactive intestinal peptide have been found in the 
lung158. Potentially, all are involved in asthma, but their role has not been 
defined yet. 

Therapeutics 
Although the therapeutic range is broad, nearly all therapy in asthma is 
symptomatic. To date, the pillars of asthma control still consist of two groups, 
i.e. anti-inflammatory agents such as (inhaled) corticosteroids and (long-acting) 
ß-adrenoreceptor agonists to dilatate the bronchi. Improvements have been 
made in enhancing selectivity and decreasing side effects and duration of 
action. Other bronchodilators are xanthine dérivâtes (e.g. theophylline) and 
muscarinic antagonist (e.g. ipratropium bromide). Furthermore, there are mast-
cell-stabilizing compounds, of which the working mechanism has not been 
completely elucidated, and histaminergic antagonists. Recent developments are 
the use of leukotriene antagonists such as a cell surface receptor LTD4 
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antagonist, and an inhibitor of the enzyme 5-lipoxygenase. These drugs can 
become of value especially in exercise-induced bronchospasm159,160. The 
5-lipoxygenase inhibitor acts probably also in aspirin-induced 
bronchospasm161162. 

Another form of therapy is immunotherapy. By subcutaneous injection of 
cumulative doses of allergen one tries to establish a desensibilization for that 
specific allergen. Possibly, this is accomplished by inducing blocking antibodies 
of the IgG class that inhibit the IgE-allergen interaction163"166. Immunotherapy 
seems to be particularly beneficial in insect venom allergy or allergic 
rhinitis167,168. In a highly selected group of patients with allergic asthma, 
immunotherapy has an effect169. Still, it is difficult to evaluate a long-term 
treatment because of the changeable character of asthma in time. 

Clinical relevance of basophils 

A major obstacle for studying the involvement of basophils in clinical events is 
the small number of basophils in the circulation, i.e. about 0.5% of the leukocyte 
population. Consequently, detection of alterations in numbers of circulating 
basophilic granulocytes is quite difficult. Detection of basophils in tissues is even 
more difficult, most of all due to the lack for a long time of a basophil-specific 
antibody. Furthermore, basophils degranulate in local inflammatory sites170, 
because of combined chemotactic, priming and secretory stimuli present. 
Degranulation changes morphologic and staining characteristics. Increased 
expression of CD11b, CD18 and CD63 in vitro, as well as a decrease in 
L-selectin expression has been described after basophil activation171"174. 

Initially, the assessment of the role of basophils in disease has been 
investigated by the detection of basophil mediators. Because histamine is also 
present in mast cells, detection of histamine alone is not adequate. However, 
because basophilic granulocytes, in contrast to mast cells, release neither 
prostaglandin D2 nor tryptase, an elevated level of histamine in the absence of 
prostaglandin D2 or tryptase, strongly suggests basophil involvement. This 
isolated histamine enhancement has been found in the late allergic reaction in 
the skin, as well as in the upper part and in the lower part of the respiratory 
tract170,175,176. Further research revealed the "physical" appearance of basophilic 
granulocytes in the late phase of allergic reactions in skin175"177, nose178,179, 
induced sputum180 and bronchoalveolar lavage fluids176,181"183 by morphological, 
pharmacological and flow cytometrical analysis. With regard to asthma, it has 
been shown that basophil numbers in broncho-alveolar lavage fluid correlate 
significantly with bronchial hyper-responsiveness in patients experiencing an 
asthma attack184, and that basophils accumulate during airway narrowing in 
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asthmatic patients182. Also, in biopsies of patients with fatal asthma, an 
increased number of basophils has been found185. 

Recently, basophil-specific monoclonal antibodies for immunochemical 
identification have been described186"187. These antibodies identify basophils in 
the allergic affected tissue that could not previously be detected by 
histochemical staining188"190. 

Aim of this thesis 

In this introductory chapter, literature on the production of inflammatory 
mediators by basophils has been reviewed. These mediators are found at sites 
of allergic inflammation. However, it is unclear to what extent activation of 
basophils is clinically relevant in an allergic disorder such as allergic asthma, 
because allergic asthma is a play with many actors. Therefore, we studied 
mechanisms leading to enhanced activation of basophilic granulocytes in an 
attempt to better characterize the activation conditions of these cells. 

In chapter 2 we investigated whether histamine release could be 
enhanced by IL-3, IL-5 or GM-CSF, because the presence of these cytokines 
has been demonstrated at sites of allergic inflammation. We examined the role 
of the signal transducer Ca2+, because in most secretory cells an increase in the 
cytosolic free Ca2+ ions is associated with the exocytosis response. By 
manipulating the intracellular Ca2+ stores with an inhibitor of the 
sarco(endo)plasmic reticulum Ca2+-ATPase, the cytosolic Ca2+ concentration 
was increased without a requirement for activation of cell membrane receptors. 

In chapter 3 we investigated activation of human basophils at the level of 
tyrosine phosphorylation. Nearly all knowledge on this subject in relation to 
histamine release via the FceRI is derived from a mast cell line of rat origin 
(RBL). These data should be verified with human cells, because this may shed 
light on the blockade in basophils that do not release histamine after 
crosslinking of their IgE receptor although histamine release induced by C5a or 
fMLP is intact83. These basophils are the so-called non-releasers. 

In chapter 4 we studied the release of the mediators PAF and LTC4 from 
human basophils. With the use of inhibitors of the cytosolic, as well as the 
secreted phospholipase A2, we investigated the role of these enzymes in 
mediator production and histamine release. 

In chapter 5 we determined whether basophils of patients with an allergic 
disorder, such as allergic asthma, show an enhanced responsiveness to various 
stimuli. For that reason we compared the histamine release from basophils of 
patients with allergic asthma to that of three control groups, i.e. a group of 
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non-allergic asthmatics, a group of non-allergic, non-asthmatic patients with 
various pulmonary disorders and a group of healthy controls. 

In chapter 6 we investigated whether in the group of atopic subjects the 
responsiveness of their basophilic granulocytes is influenced by challenge with 
inhaled allergen. This set-up was used as a model for mimicking a late allergic 
reaction. 
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