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Introduction Introduction 

Histamine-releasingg activity 

Inn 1979 Thueson et al. ' first reported that culture supernatants of human 
mononuclearr cells contained an activity that induced histamine release from basophils. 
Otherr groups found that such an activity was also produced by for instance thoracic duct 
lymphocytess 2'3, T lymphocytes 3"5, B lymphocytes 5, alveolar macrophages 6, monocytes 5, 
plateletss , and neutrophils 8. The activity was shown to exist of a heterogeneous group of 
proteinss ranging from 12 kD to 90 kD 4'9"12. Further investigation revealed that the 
histamine-releasingg activity was a mixture of IgE-independent n and IgE-dependent 
factorss 13. This thesis is focussed on IgE-dependent histamine-releasing factors (HRF). 
IgE-independentt histamine-releasing factors 

IgE-independentt histamine release of basophils is mainly induced by chemokines. 
Thiss histamine release is induced extremely fast: it is complete after 1 minute 1415. 
Memberss of the monocyte chemotactic protein (MCP) family are the most potent IgE-
independentt factors: MCP-1 l4'16,17 and MCP-3 18'19 with the strongest histamine-releasing 
activityy (HRA), MCP-2 '9 with approximately ten times weaker activity, and MCP-4 20 

whichh only induce histamine release from interleukin (IL)-3-primed basophils 2l. Other 
chemokiness such as RANTES (Regulated upon Activation, Normal T cell Expressed and 
Secreted)22,, MIP-la (Macrophage Inflammatory Protein- la) 23, and eotaxin 24 act also as 
IgE-independentt HRFs, but are weaker than the MCP family. Some cytokines also induce 
histaminee release from human basophils, such as IL-1 and IL-3 . However, these 
dataa are rather controversial. The activity of IL-3 was only demonstrable at relatively high 
concentrationss of Ca2+ (5 mM)2? or in the presence of D20 28. Moreover the HRA of IL-1 
29300 and IL-3 3I'32 could not be reproduced by other groups. 

Itt was demonstrated by immuno-absorption that MCP family is responsible for 
moree than 60% of the HRA in crude HRF preparations produced by mononuclear cells l6. 
Thiss was confirmed by Kuna et al. 33, who detected both MCP-1 and RANTES in culture 
supernatantss of PBMCs. Addition of inhibitory anti-MCP-1 antibodies to the HRF 
preparationn significantly decreased the histamine-releasing activity, whereas inhibitory anti-
RANTESS antibodies did not. In HRF preparations it is sometimes difficult to measure IgE-
dependentt HRA in the presence of IgE-independent HRA, because IgE-independent 
histaminee release is already near to maximal after 1 minute 34. Pasmans et al. 34 

demonstratedd that IgE-independent activity was removed from culture supernatants by 
treatmentt with heparin-agarose. 
IgE-dependentt histamine-releasing factors 

Thee activity of IgE-dependent HRF depends on some special features of the cell 
surfacee IgE35. This IgE was called IgE+, whereas IgE not responsive to HRF is IgE"36. IgE-
dependentt HRFs are produced by macrophages I3, mononuclear cells 37, platelets 36, and are 
presentt in nasal washings 35, blister fluids during the late allergic reaction in the skin 38, and 
broncho-alveolarr lavages 35. The monocyte-like cell lines U937 35'36 and RPMI8866 36 also 
producee IgE-dependent HRF. Histamine release by IgE-dependent factors is a relatively 
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sloww process, 50% of maximal release after 5 to 10 minutes, which is similar to that by 
anti-IgEE or allergen l3'35. 

IgE-dependencyy was shown by removal of IgE from basophils with lactic acid 
whichh abolished the response to HRF 13'35. The responsiveness to HRF of the stripped 
basophilss was restored by in vitro re-sensitization with IgE+ serum, but not with IgE" serum 
35.. In contrast, both IgE" and IgE+ sera restored the reactivity to anti-IgE. IgE+ serum also 
conferredd responsiveness to nonresponder IgE* basophils. Moreover, preincubation of 
basophilss containing IgE+ with anti-IgE in calcium-free medium resulted in a complete 
desensitizationn to HRF-induced histamine release 13'35. Desensitization with HRF reduced 
thee response to anti-IgE, but not to an IgE-independent stimulus such as formyl-methionyl-
leucyl-phenylalaninee (fMLP). Furthermore, IgE dependency was demonstrated by heating 
IgE++ serum at 56 °C which destroys IgE antibodies, and by removal of IgE by absorption 
withh Sepharose-coupled anti-IgE 35'37. Finally, wortmannin, an inhibitor of IgE-mediated 
activationn of basophils by inhibiting PI3 kinase, abolished the response to HRF 37. 
Putativee in vivo role of IgE* 

IgE-dependentt HRF and IgE+ have been suggested to play a role in the late allergic 
reactionn (LAR). In many individuals, the acute allergic reaction is followed by a LAR 4 to 
111 hours later 39,4°. In the acute allergic reaction, IgE antibodies on the surface of mast cells 
aree cross-linked by environmental allergens. The release of mediators by these cells induces 
withinn minutes an allergic reaction, and attracts inflammatory cells, such as basophils, 
neutrophils,, eosinophils, monocytes and lymphocytes 41"44. The hypothesis is that these 
latterr cells, in turn, are activated, causing a LAR. Since the LAR occurs without a renewed 
exposuree to allergen, the activation of basophils during the late reaction 45"47 might be 
inducedd by IgE-dependent HRF. This was supported by the observation that IgE-dependent 
HRFF was present in late-phase skin blister fluids 38, and late-phase nasal lavages 35. 
Charlesworthh et al. 48 hypothesized that HRFs and chemotactic factors are produced during 
thee acute allergic reaction. Subsequently, after attraction of basophils to the allergic site by 
thee chemotactic factors, basophils with IgE+ on their surface might be activated by HRFs 
causingg a late allergic reaction. Since basophils are not the only cells that infiltrate the site 
off  the allergic reaction, IgE-dependent HRF might also trigger other cells. HRF might exert 
ann effect in the LAR by binding to IgE molecules present on for instance eosinophils 49,S0 

andd monocytes 51'52, or by binding to a "HRF-specific" receptor on cells 53. 
Thee relation between IgE+ and the clinical status of patients has been investigated 

byy Pasmans et al. 4. Lactic-acid treated basophils were sensitized by serum, and stimulated 
byy HRF produced by mononuclear cells depleted for chemokines. The kinetics of the 
histaminee release was also used to discriminate IgE-independent (maximal at 1 minute) 
fromm IgE-dependent release (maximal after 15-45 minutes). In 40% of the sera from 
allergicc rhinitis and asthma patients, IgE+ was found, whereas it was undetectable in non-
atopicc subjects. Moreover, in asthma the presence of IgE+ was associated with a high 
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bronchiall  sensitivity to histamine. These results suggested that HRF and IgE+ contribute to 

aa chronic allergic reaction. 

Hypothesess about reactivity of lgE+ 

Thee exact feature discriminating IgE+ from IgE" is not known. There are three 
hypothesess about the nature of IgE+: (i) IgE+ is structurally different from IgE"; (ii) IgE+ is 
autoreactivee IgE; or (iii ) IgE+ reactivity is mediated by IgG anti-IgE antibodies. 

Accordingg to the "heterogeneity of IgE" hypothesis, the differences between IgE' 
andd IgE" might be present in the constant regions of the IgE antibody. It is well established 
thatt a combination of two partial agonists can activate basophils. Cytokines such as IL-3, 
IL-55 and granulocyte-macrophage colony-stimulating factor (GM-CSF)3I'32-55-58 themselves 
doo not induce release of histamine from basophils, but prime basophils to release histamine 
uponn exposure to sub-optimal concentrations of IgE-independent and IgE-dependent 
stimuli.. Accordingly, it is possible that both HRF and a structurally different form of IgE 
aree necessary to achieve full basophil activation. HRF might then exert a priming effect on 
basophilss (figure 1A). 

Alternatively,, according to the "autoreactive IgE" hypothesis, IgE+ might be a 
HRF-specificc IgE antibody, and HRF an autoallergen. HRF would exert its reactivity, 
similarr to conventional allergens, by cross-linking IgE+ on the surface of basophils, which 
inn turn induces the release of mediators (figure IB). There are two theories about how 
autoreactivee IgE is produced. Cross-reactive IgE antibodies might be formed during an 
allergicc reaction to environmental and/or food allergens. If structurally related human 
proteinss (HRF) are released, these cross-reactive IgE antibodies might react with these 
proteins,, prolonging and aggravating the allergic symptoms. Another possibility is that 
autoallergenss released during tissue injury elicit a de novo production of IgE 
autoantibodies. . 

InIn the "anti-IgE" hypothesis the reactivity of IgE+ serum is not mediated by IgE 
alone,, but in combination with IgG anti-IgE antibodies in serum. IgG antibodies directed 
againstt IgE have been detected in sera of a large proportion of patients with atopic disease 
59,6o,6o,6ii  These antibodies modulate basophil histamine release in an additive as well as in a 
blockingg manner 59,6°. Anti-IgE activity has been reported to be restricted to the IgGl and IgG4 
subclasses,, with IgG4 displaying a disproportionately high part of the activity 62. Activation of 
basophilss might be accomplished either by direct or indirect stimulation (figure C): (1) IgE 
antibodiess on the surface of basophils might be cross-linked by IgGl anti-IgE inducing the 
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releasee of histamine; (2) IgG4, which is bispecific 63~65, might bind with one IgE-binding site to 
IgE,, and with the other to an allergen, for example bovine serum albumin (BSA, the main 
componentt of culture medium of in vitro produced HRF). The cross-linking of IgE and IgG4 
mightt activate basophils. Since titers of bispecific IgG4 directed to IgE and an allergen are 
expectedd to be low in serum, it is not clear whether such activation occurs in vivo. 

Inn the following paragraphs the hypotheses are described in more detail. 

B B 

HRF F 

HRF F 

lgG11 anti-lgE 

lgG44 anti-lgE 
anti-BSA A 

Figuree 1: Schematic representation of the hypotheses concerning the nature of IgE* and HRF. (A) A 
combinationn between two partial agonists. When IgE* (a structurally different IgE molecule) binds to the Fc 
receptorr and basophils are subsequently challenged by HRF, mediators are released from these cells. 
HRFF might either bind IgE* or bind to its own receptor. (B) HRF is an autoallergen, cross-linking IgE* 
(autoreactivee IgE) on the surface of basophils to induce release of mediators. (C) IgE* reactivity is 
mediatedd by IgE and IgG anti-lgE. If anti-lgE is an lgG1 antibody, it will directly cross-link IgE on the 
surfacee of basophils. If anti-lgE is an lgG4 antibody, this bispecific antibody might bind with one allergen-
bindingg site to IgE and with the other to an allergen, for example BSA originating from the culture medium. 
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Structurall heterogeneity of IgE 
Itt has been suggested that variations in glycosylation of IgE molecules account for 

thee functional heterogeneity of IgE+ and IgE"35. This hypothesis was tested by stimulating 
basophilss with lectins 67, some of which are known to release histamine from basophils by 
interactionn with carbohydrate groups on IgE antibodies 6 . However, the eight tested lectins 
didd not differentiate between basophils with IgE+ or with IgE" on their surface 67. These 
findings,, of course, do not exclude the possibility that there are differences in glycosylation. 

Anotherr possibility is that IgE+ is an alternative splice variant of the IgE molecule. 
Besidess the "classic" secreted form, isoforms with an altered carboxyl terminus of the 
heavyy chain have been characterized and expressed using recombinant techniques 69"73. In 
thee "tailpiece" isoform, two carboxy-terminal amino acids present in "classic" secreted IgE 
(1900 kD) are replaced by eight novel amino acids. It contains a C-terminal cysteine that 
couldd be involved in formation of dimers/multimers 69'72. Recently, it was shown that "IgE 
tailpiece""  was primarily present in human plasma as complexes of approximately 300 and 
3388 kD 74. These complexes consisted of two species of tailpiece heavy chains, 
approximatelyy 5 and 10 kD smaller than the recombinant "IgE tailpiece" (75 kD)74. At the 
presentt time it is not known whether the complex is an "IgE tailpiece" dimer or that "IgE 
tailpiece""  is in complex with other plasma proteins. The fact that the complexes were only 
detectablee in plasma, and not in serum, suggested complex formation with proteins 
involvedd in blood clotting. Another isoform, "IgE grande", contains 134 additional C-
terminall  amino acids 70. In the fourth described IgE isoform, "IgE chimeric", the last 37 
aminoo acids are replaced by 27 amino acids from CH5 site (a cryptic exon, revealed by the 
usee of a novel splice site within CH4), making it 10 acids shorter than "IgE classic" 70. By 
analysiss on non-reducing SDS-polyacrylamide gels it was shown that this isoform was 
predominantlyy secreted as a heavy-light chain half molecule. This might be explained by 
thee fact that the COOH-terminal domain of the heavy chains, which in "IgE classic" is 
responsiblee for the formation of noncovalent dimers, is removed by alternative splicing. IgE 
isoformss are differentially expressed by B-cells. For instance, cells from subjects with high 
levelss of serum IgE produced relatively more IgE grande, less IgE tailpiece, and very low 
levelss IgE chimeric, whereas cross-linking CD23, the low affinity receptor for IgE, resulted in 
aa decrease in IgE grande . It is possible that IgE+ is one of these isoforms, and is preferentially 
expressedd in severe or chronic allergy. 

AA third possibility is that the structural difference of IgE+ is present in the variable 
regionn of the heavy chain (VH) of IgE. A variable binding of polyclonal human IgE 
antibodiess to staphylococcal protein A has been described 77'76. This binding is dependent 
onn the VH subgroup. Correlation between VH subgroups and IgE+ has not yet been 
demonstrated.. This can be studied for instance, by the analysis of monoclonal IgE or 
myelomaa IgE with various VH subgroups. So far, myeloma IgE P.S. and H.L. have been 
shownn to be IgE"35. Alternatively, the role of VH groups in IgE-reactivity to HRF might be 
analyzedd by absorption of IgE+ serum with VH subgroup specific reagents. 
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Autoreactivee IgE antibodies 
Autodllergy Autodllergy 

Reactivityy to human proteins was first reported in 1922 77, when it was found that 
humann dander induced immediate type skin reactions in atopic patients. Later it was 
confirmedd that human dander provoked skin reactions 78~82. Much of the reactivity to human 
danderr was probably mediated by allergens from mites and yeast present in the extracts. 

Moree recently, structural and immunological similarities between exogenous 
allergenss and human proteins have been found. IgE cross-reactivity was demonstrated 
betweenn profilin from birch pollen and from human platelets using immunoblotting 
techniquess 83. Human profilin induced basophil histamine release from two individuals 
allergicc to birch pollen profilin, whereas it did not from control subjects. Profilin is found in 
alll  eukaryotic cells and responsible for part of the cross-reactivity between pollen from 
grasses,, trees, weeds, and vegetable foods 84"86. However, Pasmans et al. 87 investigated sera 
containingg IgE to grass pollen profilin (n=23) or HRF-reactive IgE (n=16), but were unable 
too detect IgE to human profilin in these sera. Thus, human profilin is not a major cause of 
IgE-dependentt activity of HRF. Another group also found no cross-reactivity with birch 
pollenn profilin: human profilin elicited no skin reactivity in individuals sensitized to birch 
pollenn profilin 88. Other autoallergens have been described by the group of Cramen et al. 88" 
90.. The allergens manganese-dependent superoxide dismutase, acidic ribosomal 
phosphoproteinn type 2 and cyclophilin B from Aspergillus fumigatus were IgE cross-
reactivee with their human homologues. Both human and fungal proteins elicited a strong 
immediatee type allergic skin reaction in individuals allergic to A. fumigatus, and induced 
comparablee proliferative responses of mononuclear cells 88"90. It is not known whether these 
identifiedd human proteins are released by human mononuclear cells under the conditions 
wee used for preparation of HRF as described in this thesis. 

Autoreactivee IgE antibodies not cross-reactive to a known environmental allergen 
havee also been described. Valenta et al.31 investigated serum of 20 atopic dermatitis (AD) 
patients,, and found IgE antibodies directed to human cellular proteins on immunoblot in 12 
sera.. The apparent molecular weight of the autoallergens ranged from 10 to 100 kD. They 
weree found in extracts of different cell types, such as epithelial cells, endothelial cells, 
fibroblasts,, platelets, and peripheral blood mononuclear cells (PBMCs). IgE recognition of 
humann proteins was influenced by seasonal variation, and paralleled the skin manifestations 
off  AD patients 91. By IgE immunoscreening of a cDNA expression library from a human 
epitheliall  cell line several IgE binding human proteins have been identified 92"94: Hom s 1 
(MWW 55 kD; sequence homology with SART-1, an antigen recognized by cytotoxic T cells 
off  a patient with squamous esophageal cancer), Horn s 2 (MW 10 kD; a-NAC, the a chain 
off  the human Nascent polypeptide-Associated Complex), Horn s 3 (MW 20 kD; BCL7B, a 
putativee oncogene), Horn s 4 (MW 36 kD; function unknown), and Hom s 5 (MW 43 kD; 
humann cytokeratin type II) . These latter identified autoallergens are intracellular proteins, 
andd they share no sequence homology with known exogenous allergens. Hom s 1 was 
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preferentiallyy expressed in the target organs of atopy, like skin, lung, gastrointestinal tracts 
94,, while Horn s 2 to 5 were expressed in a wide variety of cells and tissues 92. Hom s 1 94 

andd Hom s 3 92 were present in serum of AD patients in complex with IgE, as shown by 
anti-IgEE affinity purification of serum. After separation by SDS-polyacrylamide 
electrophoresis,, the autoallergens were detected in the nitrocellulose-blotted anti-IgE 
precipitatess by specific antibodies. This might indicate that the human proteins are released 
intoo the circulation. Alternatively, the autoallergens might be released during the 
coagulationn of blood. In an AD patient, IgE-reactivity to Hom s 2 was demonstrated to be 
strongestt during disease exacerbation. Moreover, recombinant Hom s 2 and Hom s 3 
elicitedd an immediate type skin reaction in two AD patients, whereas in one of these 
patientss also Horn s 4 and Hom s 5 induced a skin reaction. The skin-prick results matched 
thee immunoblot results. The four autoallergens did not elicit skin reactions in non-allergic 
controll  subjects 92. Taken together, these results might indicate that IgE autoantibodies are 
associatedd with disease severity in AD patients. 
IgEIgE anti-nuclear antibodies (ANA) 

IgEE anti-nuclear antibodies (ANA), directed against a large number of nuclear 
constituents,, have been found in rheumatoid arthritis (RA), and systemic lupus 
erythematosuss (SLE) 95. Basophils from RA patients with active disease release histamine 
inn response to leukocyte nuclei in an IgE-dependent way, whereas no response was seen in 
thee inactive patients and non-atopic controls 96. In patients with RA also IgE anti-IgG 
antibodiess have been found, mainly in severe forms of this disease 97. In allergic patients, 
IgEE ANA antibodies were not detectable, and IgE anti-IgG occurred very rarely and only in 
loww titers (<16 IU/ml)98. 
Anti-IgEE antibodies 

Byy purification of IgE+ was shown that IgG anti-IgE antibodies are not likely to be 
responsiblee for the IgE+ reactivity. IgE antibodies were purified from IgE+ serum by 
precipitationn by ammonium sulfate (25% and 55%), and affinity chromatography using 
subsequentlyy concanavalin A, Protein A, and anti-IgE columns 66. The IgE antibodies were 
shownn to have a purity of 95%, and to be minimally contaminated with IgG. After 
subjectionn to high-pressure liquid chromatography using two columns in series, the 
molecularr weight of the fraction containing IgE was between 160 and 300 kD. The purified 
IgEE antibodies retained their capability to sensitize basophils to release histamine to HRF, 
indicatingg that IgG anti-IgE do not play a significant role in IgE+ reactivity. Since the 
contaminationn with IgG was not specified, the involvement of IgG can not entirely be 
excluded. . 
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Histamine-releasingg factor p23/TCTP 

Onee IgE-dependent HRF has been purified from culture supernatant of the human 
U9377 monocyte macrophage cell line by MacDonald et al. ". Protein sequencing revealed 
thatt this HRF was p23 " , also known as translationally controlled tumor protein (TCTP) l0°. 
TCTPP was previously found to be expressed in different cell types, such as erythrocytes, 
hepatocytes,, macrophages, keratinocytes and platelets '0l. Nielsen et. al  l02 reported that 
TCTP/HRFF p23 was also synthesized and secreted by IL-3 stimulated human basophils. The 
mousee homologue of human TCTP, p26 was synthesized and secreted by murine macrophages 
afterr stimulation with macrophage colony-stimulating factor (M-CSF)103. 

Recombinantt HRF (rHRF) p23 needs IgE+ on the surface of basophils to induce 
releasee of histamine " , or IL-4 l04. However, affinity chromatography or enzyme-linked 
immunosorbentt assays failed to show binding of rHRF p23 to IgE+ l05. Furthermore, rHRF 
p233 did not release histamine from a rat basophilic leukemia cell line transfected with the 
functionall  human high-affinity IgE receptor and sensitized by IgE+, whereas anti-IgE did l06. 
Moreover,, it was shown that the signaling pathway triggered by rHRF p23 differed from that 
off  IgE-dependent stimuli. Rottlerin, an inhibitor of calcium-dependent protein kinase C 8 
isozymee and calmodulin-dependent kinase, enhanced histamine release induced by rHRF 
p233 in basophils from IgE+ donors, but did not affect histamine release induced by anti-IgE 
orr allergen 107. These results indicated that rHRF p23 does not bind IgE+, but signals 
throughh its own receptor on basophils. This HRF also affects IgE-dependent activation of 
basophilss with IgE" on their surface l08. Anti-IgE mediated release of histamine, IL-4 and 
IL-133 was upregulated by preincubation with rHRF p23. The histamine-releasing activity of 
HRFF p23 might be established as described by the "heterogeneity of IgE" hypothesis. As 
discussedd previously, the structural heterogeneity discriminating IgE+ from IgE" is not 
known. . 

Recently,, it has been reported that rHRF p23 also activates human eosinophils. 
Recombinantt HRF p23 induced IL-8 secretion from GM-CSF primed eosinophils, and 
enhancedd TNFa stimulated IL-8 secretion I09. Moreover, rHRF p23 was shown to be 
chemotacticc for human eosinophils, and induced calcium flux in eosinophils from 25% of 
donorss m. The relation between capacity of HRF p23 to activate eosinophils and the 
presencee of IgE+ in serum was not investigated. 
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Aimm of this thesis 

Thee main aim of this thesis was to test the hypothesis that IgE-reactivity to HRF is 
aa trigger factor for a late allergic reaction. Before this hypothesis was studied, some 
technicall  aspects had to be addressed. The initial plan was to attempt to clone HRF by 
screeningg human cDNA libraries with IgE+ serum. However, for the external advisors of 
thiss project the cloning had a lower priority than the clinical part of our study. In this thesis 
wee first analyzed which methods could be used to (partially) purify HRF from the culture 
supernatantss of human mononuclear cells. For detection of IgE-reactivity to HRF in serum 
thee stripped basophil assay was the basic tool. We analyzed this bioassay in more detail, 
andd the broader applicability of this bioassay in allergy diagnostics was investigated 
(chapterr 2). 

Moreover,, to determine whether IgE+ reactivity was not caused by an IgE reaction 
too components of the culture medium, IgE+ sera were tested for IgE against these 
components,, particularly to bovine serum albumin (BSA), the main component of the 
culturee medium. Surprisingly, it was found that BSA present in the second reaction step in 
thee RAST induced a dissociation of IgE antibodies bound in the first reaction step. The 
elutionn of IgE from immobilized BSA by soluble BSA was studied in more detail (chapter 
3). . 

Furthermore,, it was determined which detection method could be used to study the 
presencee of IgE+. If the "autoreactive IgE" hypothesis is true, binding of IgE+ to HRF was 
expected.. The IgE+ reactivity found using the biological assay was compared to results 
foundd in IgE binding assays, such as the RAST and immunoprecipitation assays (chapter 
7).. Moreover, it was analyzed whether IgE binding to human cellular extracts on 
immunoblott was a suitable assay to measure IgE+ (chapter 8). Based on the "cross-reactive 
autoallergen""  hypothesis, IgE cross-reactivity between HRF and grass pollen was analyzed 
byy immuno-absorption (chapter 7). In relation to the "heterogeneity of IgE" hypothesis, it 
wass studied whether IgE+ was polymeric IgE (chapter 4). 

Thee role of IgE+ in the LAR was studied in the stripped basophil assay (chapter 5). 
Thee prevalence of IgE+ was investigated in relation to the occurrence of a LAR in a well-
definedd atopic patient group participating in a bronchial provocation study uo. Based on 
unexpectedd results of that study, the association between IgE+ and disease manifestations 
wass investigated in an additional group of severe asthma patients (chapter 6). 
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