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Introduction Introduction 

Histamine-releasin gg activit y 

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. 

Hypothese ss abou t reactivit y 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 

Figur ee 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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Structura ll  heterogeneit y 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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Autoreactiv ee IgE antibodie s 
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-Ig EE 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-releasin gg facto r 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 thi s thesi s 

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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TheThe stripped basophil histamine release bioassav as serological tool in allergy 

Abstrac t t 

Background::  For diagnosis of allergy, IgE-binding assays such as the RAST are 
commonlyy used. In this study the applicability and sensitivity of the stripped basophil 
histaminee release bioassay was investigated. 

Methods::  Stripped basophils sensitized by human serum were stimulated by allergen, and 
thee histamine release was measured. 

Results::  The addition of the priming cytokine interleukin-3 simultaneously with the 
stimuluss to the basophils resulted in an enhancement of the maximal histamine release as 
welll  as the sensitivity of the stripped basophil assay. In the RAST, lower concentrations of 
allergen-specificc IgE were detected than in the bioassay. However, sera containing IgE 
againstt minor allergenic components were negative in the RAST, but strongly positive in 
thee basophil assay. 

Furthermore,, we showed that IgE-mediated reactions could be analyzed in more detail in 
thee bioassay. Histamine release to an allergen of basophils sensitized by serum absorbed to 
thiss allergen, was completely abolished. This method is very suitable to study cross-
reactivityy between allergens. 

Conclusion::  The stripped histamine release bioassay is suitable for serological detection of 
allergen-specificc IgE. With sera containing IgE against minor components, this assay is 
moree sensitive than the RAST. Furthermore, in contrast to direct basophil release assays, 
dependencyy of IgE and of allergen-specific IgE in reactions can be studied in more detail. 

Introductio n n 

Too investigate IgE-reactivity to histamine-releasing factor (HRF) ', our group used 
thee stripped basophil histamine release assay ". In this assay basophils from donors are 
strippedd from their own IgE with an acidic buffer, and sensitized by IgE to be investigated. 
Byy stimulating basophils with IgE-dependent HRF-preparations, IgE-reactivity could be 
investigated.. The stripped basophil assay was the only suitable test to detect HRF-reactive 
IgE.. The HRF-preparation could not be used in a skin prick test because of viral risk, since 
thee preparation was produced using multiple cell donors. A direct basophil assay, in which 
basophilss of patients themselves are used, was also not suitable because of the existence of 
non-releasablee basophils in 20% of individuals 3. The RAST could also not be used: 
extractss with histamine-releasing capacity were found to be negative in the RAST. The 
discrepancyy between the RAST and the bioassay is one of the issues we wil l discuss in the 
currentt paper. 

Thee sensitivity of basophil bioassays can be increased by priming cytokines. 
Severall  cytokines such as IL-3, IL-5, and GM-CSF have been described to upregulate 
basophill  responses 4"9. IL-3 appeared to be the most effective priming factor. IL-3 enhances 
thee secretion of preformed mediators (e.g. histamine), newly synthesized lipid mediators 
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(e.g.. leukotriene C4 (LTC4)), and cytokines (e.g. IL-4). Besides upregulation, priming with 
IL-33 also shifts the dose response curves of histamine release and LTC4 secretion to the left. 
Moreover,, the kinetics of secretion of primed basophils are more rapid than in non-primed 
basophilss 4. IL-3 priming has been shown to effect the stimulation of basophils with all 
knownn IgE-dependent (e.g. anti-IgE, allergens) as well as IgE-independent agonists (e.g. 
fML PP (f-Met-Leu-Phe), C5a (anaphylatoxin split product of C component)). As standard 
procedure,, basophils are preincubated with IL-3 for at least 5 minutes at 37°C to obtain 
shortt time effects on secretion of preformed and lipid mediators. For enhancement of LTC4 
synthesiss induced by IgE-independent agonist C5a, a preincubation of basophils with IL-3 
wass required 5. For priming histamine release to C5a 5 or anti-IgE 8 a preincubation period 
wass not necessary, nevertheless an optimal effect was reached after preincubating basophils 
forr 5-10 minutes. 

Becausee of the intensive use of the stripped basophil assay, we discovered the 
broadd applicability of this assay. As control for sensitization of serum, in each experiment 
wee performed, stimuli were tested such as anti-IgE and allergens. In the current study, these 
dataa were collected to describe how the bioassay can be used as serological tool in allergy. 
Wee analyzed if the sensitivity of the assay was enhanced by directly diluting allergen 
sampless in an IL-3 containing buffer. Furthermore, the results obtained in the histamine 
releasee assay were compared with those in the RAST. Additionally, it was analyzed if 
specificityy of the IgE-antibodies could be studied by specifically removing IgE from serum. 

Materia ll  and Metho d 

Materials s 
RPMII  (Gibco/BRL, Paisley, UK), fetal calf serum (FCS) (Bodinco, Alkmaar, the Netherlands); 
streptokinase-streptodornasee (SK/SD) (Lederle Laboratories, Pearl River, NY, USA); Percoll 
(Pharmaciaa Fine Chemicals, Uppsala, Sweden); HEPES (Sigma Chemicals Co, St. Louis, Mo, 
USA);; human serum albumin (HSA) (CLB, Amsterdam, the Netherlands); CNBr-activated 
Sepharosee 4B (Pharmacia Biotech, Uppsala, Sweden); recombinant IL-3 (Pepro Tech Inc., 
Rockyy Hill , NJ, USA); sheep polyclonal anti-human IgE (CLB, SH25P01, Amsterdam, The 
Netherlands).. Dermatophagoides pteronyssinus and Dactylis glomerata extract used in the 
histaminee release were obtained from ALK (Copenhagen, Denmark). The major allergens Der 
pp 1 and Der p 2 of D. pteronyssinus were isolated as described by Veen et al. . Dactylis 

glomerataglomerata extract used for absorption studies was prepared as described previously . Culture 
mediumm n contained RPMI, 5% (v/v) heat-inactivated FCS, 50 uM 2-mercaptoethanol, 100 
IU/mll  penicillin, 100 ug/ml streptomycin, 300 ug/ml glutamine and 5.3 ul SK/SD per ml. The 
culturee medium was concentrated nine times using Amicon YM3 (3000 MW) membranes 
(Amicon,, Inc., Beverly, MA, USA). This preparation is referred to as culture medium FCS. 
Proteinn concentrations were determined using BCA protein assay (Pierce, Illinois, USA). 
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Stud yy subject s 
Plasmaa samples were derived (Haemonetics Plasma Collection System, Haemonetics 
Corporation,, Braintree, MA) from volunteers, after informed consent. Plasma samples #163 
andd #151 were defibrinated by recalculation and dialyzed. Plasma #163 (total IgE: 2500 
IU/ml)) was positive for IgE to common inhalant allergens house dust mite, grass pollen, birch 
pollen,, cat dander, dog dander, and Alternaria, and to bovine serum albumin (RAST score 5; 

>355 IU/ml). Plasma sample #151 (total IgE: 1600 IU/ml) was positive for IgE to the common 
inhalantt allergens house dust mite, grass pollen, birch pollen, cat dander, dog dander, 
Alternaria,, and Aspergillus. Sera were obtained from atopic non-asthma and mild asthma 
patientss described elsewhere 10 (chapter 5). All subjects were allergic to D. pteronyssinus. Al l 
seraa were tested for the presence of HRF-reactive IgE. Stimulation with D. pteronyssinus was 
usedused as control for sensitization. Sera from 38/82 sera induced basophils to respond to HRF 
(chapterr 5). These sera were tested in a second experiment for reactivity to the corresponding 
culturee medium control in the presence of IL-3. Again as positive control D. pteronyssinus 

wass used, this time in the absence and the presence of IL-3. HRF-reactive plasma #151 was 
usedd as reference plasma in these experiments. 
Preparationn of basophils 
Buffyy coats were derived (Haemonetics Plasma Collection System, Haemonetics 
Corporation,, Braintree, MA, USA) from selected donors, after informed consent, from the 
Departmentt of Plasmapheresis of the CLB. Buffy coats were prepared from 1000 ml blood 
off  donors. The basophils were purified (2%-5% purity) by Percoll centrifugation (1.078 g/cm3) 
ass previously described ,3'14. Approximately 500 tests can be performed with one buffy coat. 
Indirectt  histamine release assay 
Thee stripped basophil histamine release bioassay was performed as described previously '2. 
Afterr washing partially purified basophils two times with 0.9% NaCl (w/v), IgE was removed 
fromm the surface of the basophils by incubating the cells for 3.5 min with lactic acid buffer 
(13.44 mM lactic acid, 140 mM NaCl, 5 mMM KC1, pH 3.9; 10 ml/1.5x108 cells). Subsequently, 
thee cells were washed with HEPES buffer (20 mM HEPES, 132 mM NaCl, 6 mM KC1, 1 mM 
MgS04,, 1.2 mM K2HP04, 5.5 mM glucose and 0.5% (w/v) HSA, pH7.4). The basophils were 
passivelyy sensitized 15 by incubation (37°C, 90 min) with the 'sensitization mixture' containing 
1500 ul human plasma, 4 mM EDTA and 10 ug/ml heparin in a total volume of 1 ml. As control 
basophilss were sensitized by serum with less than 1 IU/ml IgE. After sensitization, 2 ml 
HEPESS buffer was added to the cells after which they were washed twice. Before incubation 
withh stimuli the cells were allowed to recover in HEPES buffer containing 1 mM CaCl2 for 30 
minutesminutes at 37°C. Incubations (37°C, 60 min) were performed using 250 ul of cells (2.5xl06 

cells)) and 100 ul of allergen samples, diluted in HEPES buffer containing 1 mM CaCl2. The 
reactionss were stopped by addition of 750 ul ice-cold 0.9% NaCl (w/v), after which the cells 
weree pelleted (3 minutes at 12000 g), and 1 ml supernatant was mixed with 200 ul of 12% 
(v/v)) perchloric acid. 
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Direc tt  basophi l histamin e releas e assay 
Forr tiie direct histamine release assay basophils from allergic donors were used. After 

purificationn the cells were resuspended in HEPES buffer containing 1 mM CaCl2, and 

stimulatedd by allergens (50 fj.l/test). The procedure was further performed as described with the 

indirectt bioassay. 

Histamin ee analysi s 
Histaminee was determined by fluorometric analysis as described by Siraganian '6. Histamine 

releasee was expressed as percentage of the total amount of histamine in the cells, determined 

byy lysis of the cells by perchloric acid. The results were not corrected for spontaneous release. 

AA histamine release of more than 5% is considered positive. 

IL-33 experiment s 
Too study the effect of IL-3 on the histamine release, the allergen samples were diluted in 
HEPESS buffer/1 mM CaCI2 containing IL-3. IL-3 was directly added to undiluted allergen 
samples.. After addition of the basophils to the stimuli, the final concentration of IL-3 was 
6000 pM. 
Remova ll  of specifi c IgE fro m sera 
Allergenn samples (5 mg protein) were coupled to 300 mg solid phase (CNBr-activated 
Sepharosee 4B) as described before l8. Allergen-specific IgE antibodies were removed from 
serumm by absorption with an equal volume of Sepharose (50 mg Sepharose/ml) for 4 hours 
whilee rotating. To avoid complement activation 4 mM EDTA was added. After the 
incubationn the Sepharose was spun down, and the absorbed serum was collected. The 
centrifugationn step was repeated two times. As control the same serum was treated with 
glycine-Sepharose.. To compensate for the dilution of serum due to the absorption 
procedure,, 300 ul of absorbed supernatant instead of 150 ul was used for the sensitization 

off  basophils. 

RAST T 
Allergenn samples (25 ug protein/test) were coupled to Sepharose. The RAST was 

performedd as described previously 317. After correction for non-specific binding to the 

allergosorbent,, binding of more than 2% of added radioactivity was considered positive. 

Thee concentration specific IgE was determined using mouse/human chimeric IgE directed 

too Der p 2 (detection level: 0.1 IU/ml) '8. 

Statistic s s 
Correlationss were analyzed by the Pearson test. After log transition of the histamine release 
(HR)) (log(HR/(HRmax-HR), linear regression was performed between histamine release 
andd IgE to house dust mite. To investigate the effect of total IgE on the stripped basophil 
releasee assay, the obtained parameters were used to calculate the predicted HR. The 
influencee of total IgE was tested by conelating the ratio observed/predicted HR to the total 

IgE. . 
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Results s 

Preincubationn and simultaneous addition of IL-3 
Itt was investigated whether preincubation of basophils was required to obtain 

similarr enhancement of IL-3 on allergen histamine release. Basophils from a D. 
pteronyssinuspteronyssinus allergic donor (RAST: 3 IU/ml) were stimulated by house dust mite D. 
pteronyssinuspteronyssinus (HDM) protein. The HR from basophils preincubated with 600 pM and 120 
pMM IL-3 for 10 minutes at 37°C was compared to the HR from basophils directly 
stimulatedd with allergen samples diluted in IL-3. In figure 1 it is shown that priming by IL-
33 is more pronounced in case of simultaneous addition of IL-3 and allergens to basophils. It 
mustt be emphasized that the final concentrations IL-3 during the allergen incubations were 
nott the same in both conditions: after preincubation with 600 pM and 120 pM IL-3, the 
cellss were diluted in the stimuli resulting in a concentration of respectively 500 pM and 100 
pMIL-3. . 
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weree either preincubated with 0, 120 or 600 pM IL-3 for 10 minutes at , or IL-3 was added to the cells 
togetherr with the allergens. Spontaneous release was below 3%, also in the presence of IL-3. 

Effectt IL-3 in direct histamine release bioassay 
Thee upregulation of histamine release by IL-3 diluted in allergen samples was 

studiedd in more detail in the direct histamine release bioassay. Basophils from a D. 
pteronyssinuspteronyssinus allergic donor (RAST: 3 IU/ml) were stimulated by HDM protein, and by the 
majorr allergens Der p 1 and Der p 2. IL-3 alone did not have histamine releasing activity. In 
figuree 2 is illustrated that IL-3 upregulates the maximal histamine release as well as the 
sensitivityy of the assay. Subthreshold allergen concentration induced histamine release in 
thee presence of IL-3. It is shown that without IL-3 7.8 ng/ml HDM is not detectable in the 
bioassay,, but the addition of IL-3 increased the histamine release (HR) to 21%. The same 
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wass shown for Der p 1 and Der p 2: 163 ng/ml Der p 1 and 10 ng/ml Der p 2 induced HR 
onlyy if IL-3 was also present (respectively 19% and 8% HR). Shifting of the dose-response 
curvess of the total HDM extract and the individual major allergens by IL-3 was comparable 
(100 times more sensitive with IL-3). 

B B 

0.01 1 11 100 
HDMM (ng/ml ) 

10000 0 0.01 1 11 100 
Derr  p 1 (ng/ml ) 
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Figur ee 2: Stimulation of basophils in absence 
andd presence of IL-3 in the direct histamine 
releasee assay. Basophils from a HDM allergic 
donorr were stimulated by: A. HDM extract, B. 
thee major allergens Der p 1, and C. Der p 2. IL-
33 (600 pM) was added to the cells 
simultaneouslyy with the stimuli. The 
spontaneouss HR to IL-3 was 1.4%. Absence 
(o)) and presence of IL-3 (•). 

Derr  p 2 (nc 

Thee stripped basophil histamine bioassay 
Too investigate whether every donor could be used in the stripped basophil assay, 

400 basophil donors were tested. Stripped cells were sensitized by plasma #163, and 
stimulatedd by D. pteronyssinus protein (1.2 ug/ml), and IgE-dependent HRF (4 mg/ml). 
Stimulationn of basophils from 16 donors induced a HR of more than 40% by D. 

pteronyssinuspteronyssinus or/and HRF, basophils of 17 donors showed an average response (HR 20-
40%),, and 7 were non-releasers (HR 0-20%). In our experiments basophil donors were used 
whosee basophils had a HR of more than 40% in our preselection. Basophils sensitized by 
serumm from non-atopic subjects (n=17) did not release histamine to allergen and HRF. 
Afterr the stripping procedure on the average 1.0-1.5x10 cells were obtained (+ 2%-5% 
basophils).. In one incubation 5-12.5 xlO3 basophils are stimulated. If reactivity to one 
allergenn preparation is tested, approximately 50 sera can be tested in one experiment (10 
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stimuli:: diluent, 3 concentrations of anti-IgE, 5 concentrations of allergen, 1 IgE-
independentt stimulus, e.g. fMLP). In total it is possible to measure approximately 500 
incubations. . 

Effec tt  IL-3 in strippe d basophi l bioassa y 
Inn the stripped basophil bioassay the same enhancing effect of IL-3 was found as 

inn the direct assay. Stripped basophils were sensitized by serum from atopic subjects, and 
stimulatedd by HDM D. pteronyssinus with or without IL-3. In figure 3A is shown that this 
cytokinee upregulates allergen-specific histamine release in the stripped basophil assay with 
approximatelyy 18%. Stimulation with HDM was performed only in one concentration (final 
concentrationn 540 ng/ml), thus for some sera this concentration was not optimal. Again it 
wass demonstrated that subthreshold concentrations induced histamine release if IL-3 was 
simultaneouslyy added to the basophils. In figure 3B it is shown that stimulation with 
differentt concentrations of anti-IgE was also enhanced by the addition of IL-3. 

Figur ee 3: Effect of IL-3 on the 
histaminee release in the stripped 
basophill bioassay. (A) The histamine 
releasee of basophils sensitized by 
serumm from 29 donors in response to 
5400 ng/ml HDM protein compared to 
thatt if IL-3 (600 pM) was 
simultaneouslyy added to the cells. The 
HRR of stripped basophils was less than 
2%.. (B) Histamine release of basophils 
sensitizedd by plasma #163 in response 
too different concentrations of anti-IgE 
dilutedd in buffer with or without IL-3. 
Thee histamine release to IL-3 was 
beloww 3%. 
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Compariso nn wit h RAST 
Basophilss of different donors were sensitized by serum from atopic subjects, and 

stimulatedd by 540 ng/ml D. pteronyssinus protein. In figure 4 six independent experiments 
withh different donors and sera are shown. The correlation is depicted between the histamine 
releasee in the bioassay and the RAST results obtained with same batch of HDM. The 
minimall  concentration specific IgE that could be detected in the bioassay (HR>5%) was 2.7 
IU/mll  IgE to HDM (ranging from 1.2-4.2). 
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Figur ee 4. Comparison between stripped basophil histamine release assay and RAST. Relationship 
betweenn histamine release to HDM versus HDM specific IgE in six independent experiments (A-F) using 
differentt basophil donors and sera. The histamine release of basophils sensitized by reference plasma 
#1511 was respectively 51%, 18%, 39%, 44 %, 39%, and 53% to HDM. (G) 33 sera indicated by i n (A-F) 
weree tested in a second histamine release experiment in the absence (o) and presence (•) of 600 pM IL-3, 
andd (H) correlation between total IgE and the ratio observed/predicted histamine release was determined 
inn the absence and presence of IL-3. 
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Thirty-threee sera were tested in a second experiment in the absence and the 
presencee of IL-3. The relationship between the histamine release with or without IL-3 and 
thee concentration of IgE against HDM are shown in figure 4G. The detection limit was 
higherr than in the six other experiments shown: a histamine release of >5% could be 
inducedd with 9 IU/ml IgE to HDM in the absence of IL-3, and with 2.6 IU/ml in the 
presencee of IL-3. 
Totall  IgE 

Too determine whether the sensitivity in the bioassay was dependent on the total 
IgEE in tested sera, the histamine release with or without IL-3 was predicted on basis of IgE 
too D. pteronyssinus by linear regression. If total IgE influenced the results in the histamine 
releasee assay than at high IgE concentration the ratio observed/predicted HR would be 
lowerr than at low IgE concentrations. No correlation between the ratio observed/predicted 
HRR and total IgE of sera was found (figure 4H). 
Strippedd basophil assay more sensitive than RAST 

Inn some cases, the histamine release bioassay was found to be more sensitive than 
thee RAST. Two subjects were RAST negative to culture medium FCS and to the individual 
componentss (FCS, SK/SD, penicillin, streptomycin), whereas in the histamine release 
bioassayy a positive IgE-dependent response was found. The histamine release in response 
too 3.6 and 0.7 mg/ml culture medium FCS was respectively 48% and 14% in patient 1, and 
33%% and 5% in patient 2. 
Removall  specific IgE 

Too determine if IgE-reactivity to an allergen in the histamine release bioassay can 
bee abolished, IgE molecules against grass pollen were removed from sera. Stripped 
basophilss were sensitized by the absorbed sera, and stimulated by grass pollen extract. The 

patientt no. 

Figur ee 5: Absorption of allergen specific IgE. IgE to grass pollen was removed by incubating sera with 
grasss pollen coupled to solid phase. The histamine release of stripped basophils sensitized by absorbed 
seraa in response to 1.3 ng/ml grass pollen protein was compared to a control absorption to glycine-
Sepharose. . 
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histaminee release was compared to sera absorbed to inactivated control Sepharose. In figure 
55 it is shown that the histamine release to grass pollen was totally inhibited by the removal 
off  specific IgE. Absorption did not significantly change the histamine release to anti-IgE: 
HRR to 100 ng/ml anti-IgE after absorption to control and to grass pollen respectively in 
patientt 1 (RAST score >15 IU/ml): 13% and 16%; patient 2 (RAST score >15 IU/ml): 12% 
andd 10%; patient 3 (RAST score > 35 IU/ml): 14% and 10%. The experiment was repeated 
usingg another basophil donor, in which similar results were obtained. 

Removall  of IgE against a particular allergen might not be complete, and observed 
effectss might just be caused by a shifting of the dose-response curves. To study this, plasma 
#1633 was absorbed to FCS-Sepharose. After sensitization of basophils with the absorbed 
serum,, the cells were stimulated by different concentrations of culture medium FCS. The 
histaminee release to FCS was totally abolished over the total range of allergen 
concentrationn (figure 6). Priming the response with IL-3 did also not result in a histamine 
releasee by culture medium FCS. 

Seraa positive in the histamine release bioassay, but without detectable IgE 
antibodiess to a particular allergen in the RAST, were difficult to absorb. Removal of IgE to 
thee allergen was not possible, because the binding to Sepharose is too low. Absorbing sera 
fromm above described patient 1 and 2 to FCS did not change the histamine release to culture 
medium:: HR to 3.6 mg/ml RPMI/FCS of sera absorbed to control and FCS respectively: 
48%% and 44% (patient 1), 33% and 31% (patient 2). 
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Figur ee 6: Stimulation of basophils sensitized by plasma absorbed to FCS. IgE against FCS was removed 
fromm plasma #163 using the absorption method. Stripped basophils sensitized by absorbed serum and 
totall serum were stimulated by different concentrations of culture medium. 
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Discussio n n 

Thee applicability of the histamine release bioassay for the serological detection of 
IgEE antibodies and allergens was discussed in this paper. We confirmed that the sensitivity 
off  both the direct and the stripped basophil bioassay could be increased by the cytokine IL-
3.. The enhancing effect of IL-3 on the maximal histamine release induced by allergens as 
welll  as on the sensitivity of basophil assays has been described before 4'19. In most studies 4 

thee basophils were preincubated with IL-3 for 5-10 minutes before the stimulus was added. 
Wee showed that the priming effect was also obtained by adding the allergen and IL-3 
simultaneouslyy to the basophils. Allergen samples were diluted in IL-3 containing buffer, 
whichh makes the bioassay less laborious. Since IL-3 itself does not induce histamine 
release,, the addition of IL-3 is recommended to ensure a high sensitivity of the assay. 

Usuallyy IgE-binding assays, such as the RAST are used for the diagnosis for 
allergy.. We showed that the results obtained in the RAST and in the stripped histamine 
releasee assay were in general well correlated. The detection limit in our RAST is 0.1 IU 
IgE/ml18.. In the stripped bioassay we showed that in the absence of IL-3, 2.7 IU/ml IgE to 
HDMM was the lower detection limit. In another experiment with less responsive basophils it 
wass shown that the presence of IL-3 lowers the detection limit for IgE, in this case from 9 
too 2.6 IU/ml. However, in our experiments only one concentration of allergen was used, 
whichh might not induce the maximal histamine release for each serum. Comparing the two 
assayss the RAST is in general more sensitive than the basophil assay. 

InIn some cases the basophil assay was more sensitive than the RAST. We described 
inn this study two sera that were negative in RAST to the individual components of the 
culturee medium FCS. In the histamine release bioassay, in contrast, a positive IgE-
dependentt reaction was found even in the absence of IL-3. IgE molecules might have 
escapedd detection in RAST either because they were present in very low concentrations in 
serumm or directed against minor allergenic components. Bovine serum albumin, the main 
componentt of the culture medium, might interfere with the binding of a minor component 
too the solid phase. Discrepancy between RAST and histamine release tests has been 
describedd before. In 66% of allergic patients selected for a positive intracutaneous skin test 
andd a negative RAST, the histamine release test was positive 3. That the reaction was 
indeedd IgE-dependent was proved by the fact that purified IgE antibodies were positive in 
thee RAST. 

Totall  IgE might influence the sensitization of basophils by competition with 
specificc IgE for the receptor. We did not find a relationship between the total IgE and the 
ratioo observed/predicted histamine release. If total IgE had an effect on the sensitivity of the 
bioassay,, the ratio observed/predicted HR should decrease with increasing total IgE 
concentrations.. The absence of the interference of total IgE might be caused by the fact that 
thee amount of serum used in our experiments did not saturate basophils 20. 

Inn this study we also showed that the bioassay could be used to study IgE-
mediatedd reactions in more detail. Allergen-specific IgE can be removed from sera by 
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incubatingg with allergen bound to a solid phase. The removal of IgE was specific and 
complete;; even in the presence of IL-3 and a full dose-response analysis no histamine 
releasee was induced. Using this absorption procedure cross-reactivity between allergens can 
bee studied. Cross-reactivity between for instance between latex and grass pollen 2! could be 
demonstratedd using this method. With sera negative in the RAST but positive in the 
bioassay,, the batchwise absorption method was not effective. However, the absorption can 
bee performed with more absorbent than in RAST; using an allergen Sepharose column, IgE 
againstt that allergen is most likely removed. The specificity of this absorption procedure 
shouldd be checked carefully, particularly with large amounts of absorbent. 

Inn basophil assays the biological activity of IgE is determined. Basophils are 
stimulatedd by allergen, and as a consequence of cross-linking of IgE molecules by allergen, 
mediatorss are released. The histamine release can be analyzed l6, or alternatively the 
leukotrienee release 22. A RAST gives no information about the biological activity of IgE. 
Forr instance, IgE molecules directed to cross-reactive carbohydrate determinants (CCD) 
havee poor biological activity 2\ Thus, in a RAST this wil l lead to false-positive results. On 
thee other hand, in direct basophil bioassays false negative results are obtained by the 
existencee of so-called 'non-releasers' 24. Approximately 20% of patients are 'non-
releasers',, i.e. despite a positive skin prick test and RAST, no histamine release can be 
inducedd from basophils by allergen or anti-IgE 24. It has been shown that basophils from 
suchh 'non-releasers' have a defect in the signaling pathway 25'26. Normal levels of IgE 
receptorss are present on the basophils, but after IgE cross-linking no extracellular calcium 
influxx or protein kinase C activation are induced. Using the stripped basophil release assay 
problemss with non-releasing basophils can be circumvented. In this assay basophils from 
non-allergicc donors are used which are selected for their capability to release histamine. 
Thesee basophils are stripped from their own IgE with an acidic buffer, and sensitized by 
patientt serum to be investigated. By stimulating basophils with an allergen, IgE-reactivity 
cann be investigated. By using a reference serum in all experiments, individual tests can be 
comparedd with each other. 

AA disadvantage of the stripped basophil histamine assay over the RAST is the fact 
thatt a basophil donor is required. Furthermore, the bioassay is more laborious than the 
RASTT (basophil experiment and histamine analysis: approximately one week). However, 
thiss assay takes less time than direct basophil assays, since only one basophil experiment is 
performedd instead of with all patients individually. In one stripped basophil experiment 
approximatelyy 50 sera can be tested. The patients do not have to be are present the day of 
thee experiment, which is another advantage over the direct bioassay. Additionally, 
comparisonn between IgE-reactivity of different patients is independent of basophil 
reactivity. . 

Anotherr advantage of the stripped histamine release assay over RAST, skin prick 
testss and direct basophil assays is that involvement of IgE in allergen-induced responses 
cann be studied in various ways. If histamine release is induced from basophils sensitized by 
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ann IgE-deficient serum, the reaction is IgE-independent. The response might for instance be 
mediatedd by chemokines like MCP-1 27. Alternatively, IgE-dependency can also analyzed 
byy heating-inactivation of serum before sensitization of basophils 28. Another possibility is 
too preincubate serum to be investigated by blocking anti-IgE antibodies 28. Moreover, as 
shownn in the current study dependency on allergen-specific IgE can be investigated by 
specificallyy removing these IgE antibodies. 

Overall,, we showed that the stripped histamine release bioassay can be used as 
diagnosticc assay for allergy, especially if there is a discrepancy between the allergic 
symptomss of patients and the results obtained by RAST. By adding the cytokine IL-3 
directlyy to the allergen samples, the sensitivity of the assay is enhanced. Moreover, cross-
reactivityy between allergens can be studied in this bioassay by removal of allergen-specific 
IgE. . 

Ackn oo wledgem e nt 
WeWe thank Marcel Mulder for his technical assistance, the donors of the Department of of Plasmapheresis for donating 
blood.blood. Anneke Vogelaar-Vermeulen and Endah Tjokrosoeseno for the preparation of the buffy coats. This project was 
fundedfunded by the Netherlands Asthma Foundation (project no. 32.95.13). 

Reference s s 
1.. Pasmans SGMA, Aalbers M, van der Veen MJ, Knol EF, van der Zee JS, Jansen HM, Aalberse RC. 

Reactivityy to IgE-dependent histamine-releasing activity in asthma or rhinitis. Am J Respir Crit Care Med 
1996;154:318-323. . 

2.. Pruzansky JJ, Grammer LC, Patterson R, Roberts M. Dissociation of IgE from receptors on human 
basophils.. I. Enhanced passive sensitization for histamine release. J Immunol 1983;131:1949-1953. 

3.. van der Zee JS, de Groot H, van Swieten P, Jansen HM, Aalberse RC. Discrepancies between the skin test 
andd IgE antibody assays: study of histamine release, complement activation in vitro, and occurrence of 
allergen-specificallergen-specific IgG. J Allergy Clin Immunol 1988;82:270-281. 

4.. Kurimoto Y, de Weck AL, Dahinden CA. The effect of interleukin 3 upon IgE-dependent and IgE-
independentt basophil degranulation and leukotriene generation. Eur J Immunol 1991 ;21:36l-368. 

5.. Kurimoto Y, de Week AL, Dahinden CA. Interleukin 3-dependent mediator release in basophils triggered 
byy C5a. J Exp Med 1989;170:467-479. 

6.. Bischoff SC, de Week AL, Dahinden CA. Interleukin 3 and granulocyte/macrophage-colony-stimulating 
factorr render human basophils responsive to low concentrations of complement component C3a. Proc 
Natll  Acad Sci U S A 1990;87:6813-6817. 

7.. Bischoff SC, Brunner T, de Week AL, Dahinden CA. Interleukin 5 modifies histamine release and 
leukotrienee generation by human basophils in response to diverse agonists. J Exp Med 1990;172:1577-
1582. . 

8.. Hirai K, Morita Y, Misaki Y, Ohta K, Takaishi T, Suzuki S, Motoyoshi K, Miyamoto T. Modulation of 
humann basophil histamine release by hemopoietic growth factors. J Immunol 1988;141:3958-3964. 

9.. Brunner T, Heusser CH, Dahinden CA. Human peripheral blood basophils primed by interleukin 3 (IL-3) 
producee IL-4 in response to immunoglobulin E receptor stimulation. J Exp Med 1993;177:605-611. 

41 1 



ChapterChapter 2 

10.. van der Veen MJ, Lopuhaa CE, Aalberse RC, Jansen HM, van der Zee JS. Bronchial allergen challenge 
withh isolated major allergens of Dermatophagoides pteronyssinus: the role of patient characteristics in the 
earlyy asthmatic response. J Allergy Clin Immunol 1998;102:24-31. 

11.. van Ree R, Clemens JG, Aalbers M, Stapel SO, Aalberse RC. Characterization with monoclonal and 
polyclonall  antibodies of a new major allergen from grass pollen in the group I molecular weight range. J 
Allergyy Clin Immunol 1989;83:144-151. 

12.. Kleine Budde I, Knol EF, Aalbers M, van der Zee JS, Aalberse RC. Reactivity to IgE-dependent 
histamine-releasingg factor is due to monomelic IgE. Allergy 2000;55:653-657. 

13.. Knol EF, Kuijpers TW, Mul FP, Roos D. Stimulation of human basophils results in homotypic 
aggregation.. A response independent of degranulation. J Immunol 1993;151:4926-4933. 

14.. Pasmans SGMA, Witteman AM, Aalbers M, Boonstra JG, Mul EPJ, van der Zee JS, Knol EF, Jansen 
HM,, Aalberse RC. Variability of IgE-dependent activity in supematants of human mononuclear cells. Int 
Archh Allergy Immunol 1994;103:44-52. 

15.. Pruzansky JJ, Grammer LC, Patterson R, Roberts M. Dissociation of IgE from receptors on human 
basophils.. I. Enhanced passive sensitization for histamine release. J Immunol 1983;131:1949-1953. 

16.. Siraganian RP. Refinements in the automated fluorometric histamine analysts system. J Immunol 
Methodss 1975;7:283-290. 

17.. Aalberse RC, Koshte V, Clemens JG. Immunoglobulin E antibodies that crossreact with vegetable foods, 
pollen,, and Hymenoptera venom. J Allergy Clin Immunol 1981;68:356-364. 

18.. Schuurman J, Perdok GJ, Mueller GA, Benjamin DC, Yong TK, Chapman MD, Aalberse RC. 
Mouse/humann chimeric IgGl and IgG4 antibodies directed to the house dust mite allergen Der p 2: use in 
quantificationn of allergen specific IgG. Clin Exp Allergy 1997;27:1095-1102. 

19.. Black KM, Lussier AM, Gion WR, Kasaian MT. Cytokine priming of human basophils: Description of 
allergenn 'nonreleasers'. Int Arch Allergy Immunol 1996; 111:142-151. 

20.. MacGlashan DJ, Lichtenstein LM. Studies of antigen binding on human basophils. 1. Antigen binding and 
functionall  consequences. J Immunol 1983;130:2330-2336. 

21.. Fuchs T, Spitzauer S, Vente C, Hevler J, Kapiotis S, Rumpold H, Kraft D, Valenta R. Natural latex, grass 
pollen,, and weed pollen share IgE epitopes. J Allergy Clin Immunol 1997;100:356-364. 

22.. Furukawa K, Tengler R, de Week AL, Maly FE. Simplified sulfidoleukotriene ELISA using LTD4-
conjugatedd phosphatase for the study of allergen-induced leukotriene generation by isolated mononuclear 
cellss and diluted whole blood. J Investig Allergol Clin Immunol 1994;4:110-115. 

23.. van der Veen MJ, van Ree R, Aalberse RC, Akkerdaas J, Koppelman SJ, Jansen HM, van der Zee JS. 
Poorr biologic activity of cross-reactive IgE directed to carbohydrate determinants of glycoproteins. J 
Allergyy Clin Immunol 1997;100:327-334. 

24.. Diamant B, Patkar S. Histamine release from washed whole blood. A method suitable for routine 
diagnosiss of type I allergy. Int Arch Allergy Appl Immunol 1982;67:13-17. 

25.. Knol EF, Mul FP, Kuijpers TW, Verhoeven AJ, Roos D. Intracellular events in anti-IgE nonreleasing 
humann basophils. J Allergy Clin Immunol 1992;90:92-103. 

26.. Nguyen KL, Gilli s S, MacGlashan DWJ. A comparative study of releasing and nonreleasing human 
basophils:: nonreleasing basophils lack an early component of the signal transduction pathway that follows 
IgEE cross-linking. J Allergy Clin Immunol 1990;85:1020-1029. 

27.. Pasmans SGMA, Aalbers M, Daha MR, Knol EF, Jansen HM, Aalberse RC. Histamine-releasing activity 
inn supematants of mononuclear cells: contribution of Monocyte Chemotactic Protein-1 activity compared 
withh IgE-dependent activity. J Allergy Clin Immunol 1996;98:962-968. 

28.. Pasmans SGMA, Witteman AM, Aalbers M, Boonstra JG, Mul EPJ, van der Zee JS, Knol EF, Jansen 
HM,, Aalberse RC. Variability of IgE-dependent activity in supematants of human mononuclear cells. Int 
Archh Allergy Immunol 1994;103:44-52. 

42 2 



Chapter r 

Inadvertentt elution o - ^ ^ n d IgE by 
allergenn in the radioaWj^sorbent test 

Ilonaa Kleine Budde0, ?.&. de Heera, S.O. Stap 
/Aalberse0 0 

S.. van der Zeeb, and Rob C. 

FromFrom athe Department of Allergy, CL/Êj^M 
MedicalMedical Center, University of ' /4/$i l§j |§f | | 
Pulmonology,Pulmonology, Academic Medical  Center,  Urn 

^^^fnJmmunology,^^^fnJmmunology, Academic 
m;m; bDepartment of 

jj§j|f^Amsterdam,, Amsterdam 





InadvertentInadvertent elution of IgE by allergen in the RAST 

Abstrac t t 

Background::  The use of bovine serum albumin (BSA) to block non-specific binding in 

immunochemicall  assays is widespread. Whereas previous studies had indicated that soluble 

allergenn present during the incubation with anti-IgE in the RAST did not affect bound IgE, 

thiss was re-investigated in the current study using IgE elution from BSA induced by 

solublesoluble BSA as a test system. 

Methods::  Sepharose-coupled BSA (0.08, 0.4, 2, or 10 ug BSA/test) was incubated 

overnightt with serum, and washed five times. Before addition of radioactive anti-IgE, the 

Sepharosee was incubated with different concentrations of soluble BSA (0, 12, 60, 300, or 

15000 ug/test). The effect on IgE binding was investigated for various incubation periods (t 

== 0, l ,2 ,4 ,20h). 

Results::  Incubation in buffer without BSA did not change IgE binding (<1.5 IU IgE/ml 

serum).. Soluble BSA eluted IgE antibodies from immobilized BSA up to 85%. If the BSA 

densityy on the solid phase was > 2 ug /test, elution efficiency was dependent both on the 

levelss of immobilized BSA and soluble BSA. At lower densities, the dissociation was only 

dependentt on the concentration of soluble BSA. The time needed to obtain 50% IgE elution 

(tvJJ was less if the density of immobilized BSA decreased. Below the critical density (3.5 

ngg BSA/mm2 solid phase), t,/2 (45 minutes) was independent of the coating density. 

Probablyy all IgE antibodies are monovalently bound below this density. 

Conclusion::  Dissociation of IgE from immobilized protein in the presence of soluble 

proteinn should be taken into account, particularly when IgE to mammalian serum albumin 

iss involved (milk, meat, animal dander). 

Introductio n n 

Thee radioallergosorbent test (RAST) ' is a well-established method for allergy 

diagnosis.. The principle is based on the detection of IgE binding to allergen on a solid 

phasee by labeled anti-human IgE. The latter reagent is often diluted in a buffer containing 

bovine,, sheep, or horse serum. If the solid phase contains some immunoglobulin G (IgG), 

IgGG in heterologous serum needs to be present to prevent binding of labeled anti-human 

IgEE via bivalent human antibodies directed to heterologous IgG. If heterologous IgG would 

noo be present, falsely high RAST results are obtained2. Serum albumin blocks non-specific 

binding.. Bovine serum albumin (BSA) is a wide-used blocker in, for example, ELISAs and 

immunoblottingg experiments. 

Inn the current study, we analyzed the IgE binding to BSA. IgE antibodies to 

albuminn have been shown to be in large part responsible for allergy to for instance bovine 

andd ovine meat3'4, cow's dander 5 and cow's milk 5. In a BSA-RAST the incubation with 
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labeledd anti-IgE is also performed in the presence of heterologous serum and soluble BSA. 

Noo inference on IgE binding was expected by this BSA based on a study by van Milligen et 

alal 6, in which IgE binding to the major cat allergen Felis domesticus (Fel d 1), and Fel d 1 -

peptidess was investigated. Fel d 1-bound Sepharose (0.25-0.5 ug/test) was incubated 

overnightt with serum, and after extensively washing, it was shown that IgE was not eluted 

byy incubation with soluble Fel d 1 (2.4 ng) for 16 hours. Only IgE bound to low affinity 

FelFel d 1 -peptides (8 fig/test) was eluted by Fel d 1. For RAST inhibition experiments, in 

whichh serum is preincubated with the allergen before addition to Sepharose, less protein is 

neededd to inhibit binding. In such a pre-incubation protocol, IgE binding to Fel d 1 was 

inhibitedd for >95% by 2.4 ug of Fel d 1. 

Inn this paper we present data showing unexpectedly that soluble BSA added after 

incubationn of BSA-allergosorbent with serum eluted IgE bound to immobilized BSA. It 

wass investigated at which levels of soluble and immobilized BSA this elution became 

significant.. Moreover, it was analyzed in what time 50% of IgE antibodies was eluted. 

Materia ll  and method s 

Material s s 
Bovinee albumin fraction V (Boehringer Mannheim, Heidelberg, Germany); human serum 

albuminn (HSA) (CLB, Amsterdam, the Netherlands); fetal calf serum (FCS) (Bodinco, 

Alkmaar,, the Netherlands); Tween-20 (Merck, Darmstadt, Germany); EDTA (Siegfried 

Synopharm,, Switzerland); NaN3 (Merck, Darmstadt, Germany); CNBr-activated Sepharose 

(Pharmaciaa Fine Chemicals, Uppsala, Sweden). 

Buffer s s 
BSA-sheep:BSA-sheep: PBS with 3 mg/ml BSA, 0.5% (v/v) sheep serum, 4.5% (v/v) bovine serum, 

0.2%% Tween-20, 10 mM EDTA, 0.05% NaN3. 

HSA-sheepHSA-sheep Ig: PBS with 100 ug/ml HSA, 20 ug/ml sheep Ig, 0.1% Tween-20, 0.06% 

NaN3.. Sheep Ig was purified using caprylic acid described by McKinney et al.7. 

HSA-PBS:HSA-PBS: PBS with 3 mg/ml HSA, 0.2% Tween-20, 10 mM EDTA, 0.05% NaN3. 

Plasm aa sample s 
Plasmaa samples were derived (Haemonetics Plasma Collection System, Haemonetics 

Corporation,, Braintree, MA) from volunteers, after informed consent. Plasma samples #163 

andd #151 were defibrinated by recalcification and dialyzed. Plasma #163 (total IgE: 2500 

IU/ml)) was positive for IgE to common inhalant allergens (house dust mite, grass pollen, 

birchh pollen, cat dander, dog dander, and Alternaria), and to bovine serum albumin (RAST 

scoree 5; >35 IU/ml). Plasma sample #151 (total IgE: 1600 IU/ml) was used as negative 
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controll  in the BSA-RAST. This plasma was positive for IgE to house dust mite, grass 

pollen,, birch pollen, cat dander, dog dander, Alternaria, and Aspergillus. 

Labelin g g 
Affinity-purifie dd sheep anti-human IgE (M1294, CLB, Amsterdam) was labeled by the l25I 

chloramine-TT method 8 except that after iodination and reduction HSA was used as carrier 

proteinn instead of BSA. Labeled anti-IgE was diluted in PBS/0.3% HSA/ 0.01 M EDTA/ 

0.05%% NaN3) and stored at -20 °C. 

FCS-RAST T 
FCSS (1.7 mg protein) was coupled to 100 mg CNBr-activated Sepharose 8, after which the 

Sepharosee was suspended at 4 mg/ml in HSA-PBS. The RAST was performed as described 

previouslyy 8*9. Human serum (50 ul) was incubated overnight with FCS-Sepharose (250 ul). 

Afterr washing five times, l25I-labeled sheep anti-human IgE was added in the presence of 

5000 ul BSA-sheep Ig, HSA-sheep Ig, or HSA-PBS, and incubated overnight. After four 

timess washing bound radioactivity was determined, and expressed as percentage of added 

counts.. The experiments were performed in duplicate. 

BSA-RAS T T 
BSAA was coupled to CNBr-activated Sepharose 8 in different densities: 16 ug, 80 jig, 400 

ug,, and 2000 fig BSA per 100 mg Sepharose. Sepharose was suspended at 2 mg/ml in 

HSA-PBS.. BSA-Sepharose was incubated with human serum (50 ul per 0.5 mg Sepharose) 

whilee rotating overnight. After five times washing, 500 ul of HSA-sheep Ig containing 0 

fig/ml,, 24 (ig/ml, 120 |ig/ml, 600 jig/ml, or 3000 (ig/ml BSA was added to the Sepharose 

(finall  volume 700 ul) which was incubated for different time periods (0, 1, 2, 4, or 20 h). 

Next,, Sepharose was washed five times, and incubated overnight with radioactive IgE in 

5000 ul HSA-sheep Ig. Tests without addition of HSA-sheep Ig (t=0) were performed in 

tenfold,, the other tests in duplicate. Bound radioactivity was converted to international 

unitss (IU) IgE per ml serum using as calibration system mouse/human chimeric antibodies 

directedd to Der p 2 in combination with Sepharose-coupled mite extract10. 

Calculatio nn of BSA densit y on Sepharos e 
CNBr-activatedd Sepharose consists of beads with an average diameter of 110 urn. 

Assumingg that Sepharose beads are smooth spheres, the surface of one bead is 38000 um2. 

Perr test 0.5 mg Sepharose (3000 beads) was used, which corresponds to a surface area of 

1144 mm2. Thus, 0.08 |j.g, 0.4 ug, 2 ug, or 10 jag BSA per 0.5 mg Sepharose corresponds to 

0.77 ng, 3.5 ng, 18.5 ng, and 87.7 ng per mm2 respectively. Obviously, these values are 

overestimated,, because the surface area is clearly larger than that of smooth spheres. 

Moreover,, no allowance have been be made for incomplete coupling. 

47 7 



ChapterChapter 3 

Result s s 

BSAA and HSA in FCS-RAST 
Ass one of the control tests for experiments described elsewhere ", we performed 

RASTT experiments in which IgE antibodies to FCS were analyzed. We discovered that 

solublee BSA, the main component of FCS, present during the incubation with radioactive 

anti-IgE,, affected the IgE binding. In figure 1 is shown that IgE binding decreased after 

incubationn of radioactive anti-IgE in BSA-containing buffer compared to buffer with HSA. 

Too avoid binding of human IgG antibodies to bovine IgG on the Sepharose, sheep and/or 

bovinee immunoglobulin needs to be added to the buffer. This is illustrated by the results 

withh negative control plasma #151. When this plasma was incubated with anti-IgE in HSA-

PBSS in the absence of sheep and/or bovine immunoglobulin, significant binding of '25I 

sheepp anti-IgE to FCS-Sepharose was observed. This binding which was abolished by 

additionn of sheep immunoglobulin. 

Figur ee 1: Effect of soluble BSA on IgE 
bindingg to BSA on solid phase. IgE binding 
wass investigated using the FCS-RAST. 
Plasmaa samples #163 (containing IgE to 
BSA)) and #151 (negative control) were 
incubatedd with FCS-Sepharose. After 
overnightt incubation, IgE binding was 
detectedd with 125l-labeled sheep anti-human 
IgE,, diluted in BSA-sheep Ig, HSA-PBS, or 
HSA-sheepp Ig buffers. 

Dose-dependenc yy of IgE elutio n 
Thee elution of BSA-specific IgE antibodies by soluble BSA was studied in more 

detaill  in the BSA-RAST. After incubation of plasma #163 with different densities of BSA 

onn the Sepharose, different concentrations of soluble BSA were added. The incubation was 

performedd for 20 hours before radio-labeled anti-IgE was added. The results are shown in 

figuree 2A. When 2 ug or 10 ug immobilized BSA per test was used, the elution was both 

dependentt on the density of immobilized BSA and concentration of soluble BSA. 

However,, with lower densities of immobilized BSA (<0.4 ug), the dissociation was only 

dependentt on the concentration of soluble BSA (figure 2B). The amount of IgE antibodies 

elutedd from 0.08 ug, 0.4 ug, 2 ug, and 10 ug immobilized BSA/test by 1.5 mg soluble BSA 

expressedd as percentage of initially IU/ml bound IgE was 76%, 79%, 83%, and 85% 

respectively. . 
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Figur ee 2: Dissociation of IgE 
fromm immobilized BSA by 
differentt concentrations of 
solublee BSA. The incubation 
withh soluble BSA was 
performedd for 20 hours. (A) 
IgEE antibodies of plasma 
#1633 fixed to different 
densitiess of BSA coupled to 
Sepharosee were eluted by 
variouss concentrations of 
solublee BSA. (B) The elution 
off IgE antibodies by soluble 
BSAA expressed as 
percentagee of IgE binding in 
thee absence of soluble BSA. 
bBSA:: bound BSA; sBSA: 
solublee BSA. 

Kineticss of dissociation 
Thee elution of IgE antibodies from Sepharose-coupled BSA by different 

concentrationss of soluble BSA was determined as a function of time. In figure 3 results are 

shownn with BSA coupled at four densities. Short incubation times were effective only with 

lowerr densities of immobilized BSA. IgE antibodies were not significantly eluted in time 

byy buffer without BSA: the concentration of bound IgE to 0.08 ug, 0.4 ug, 2 ug, and 10 ug 

coupledd BSA per test was at t=0 and t=20 respectively 2.9 and 2.5 IU/ml serum, 8.3 and 8.2 

IU/mll  serum, 13.9 and 14.9 IU/ml serum, and 16.9 and 15.7 IU/ml serum. 

Thee kinetics of the dissociation of IgE from Sepharose-bound BSA by soluble BSA was 

investigatedd in more detail. In figure 4A the exponential phase of the amount of IgE 

antibodiess eluted from immobilized BSA is shown. The time needed to elute 50% of IgE 

antibodiess (tVi) in this first phase was plotted against the density of immobilized BSA 

(figuree 4B). The critical density, below which the X,A is independent of the density of 

immobilizedd BSA, was estimated to be approximately 3.5 ng BSA per mm2. 
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Figur ee 3: Elution of IgE antibodies in BSA-RAST by soluble BSA as a function of time. After incubation 
withh plasma #163, BSA-Sepharose was incubated with soluble BSA in different concentrations (1500 
ng/testt (solid circle), 300 ^g/test (open circle), 60 u.g/test (solid triangle), and 12 ng/test (open triangle)) for 
differentt time periods. The elution in IgE is depicted as percentage of IgE binding at t=0. The amount of 
BSAA bound to Sepharose per test: (A) 80 ng, (B) 0.4 u.g, (C) 2 ug, and (D) 10 ug. 
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Figur ee 4: (A) Logarithmic transformation of dissociation of IgE antibodies bound to immobilized BSA by 
solublee BSA. After overnight incubation of plasma #163 with BSA-Sepharose, IgE was eluted by the 
additionn 1500 ng soluble BSA. Coupled BSA per test: 0.08 ng (open triangles), 0.4 ug (solid triangles), 2 
l̂ gg (open squares), 10 ng (solid squares). (B) The time needed to reduce IgE binding with 50% (tV4) in the 
exponentiall phase plotted against density of BSA on the solid phase. 
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Discussio n n 

Inn current study we unexpectedly found that soluble allergen, added after 

incubationn of allergen-specific IgE with allergosorbent, elutes IgE antibodies. The 

influencee of soluble allergen on IgE binding in the RAST is, of course, well-established 

whenn allergen is preincubated with serum. RAST inhibition experiments with antigen are 

basedd on this principle n. Van Milligen et al. 6 showed that concentrations of the allergen 

Feldl,Feldl, capable to inhibit IgE binding in an inhibition RAST, did not influence IgE binding 

whenn added after the binding of IgE to immobilized Fel d 1. IgE antibodies did not elute 

fromm Fel d 1 on solid phase (0.25-0.5 ug/0.5 mg Sepharose; 2-4 ng/mm2) in the presence of 

2.44 ug soluble Fel d 1. However, based on the results of the current study, IgE elution was 

expectedd only at higher levels of soluble Fel d 1. We found that 12 ug soluble BSA is 

requiredd to decrease IgE binding to 0.4 ug immobilized BSA with 25%. 

Inn this paper the elution of IgE by soluble allergen was described only for one 

plasmaa sample. This is not an unique property of this particular plasma sample. With two 

otherr sera containing BSA-specific IgE, IgE elution was also found in the BSA-RAST: 

respectivelyy 3.2 and 5.8 IU IgE/ml serum were bound in the absence of soluble BSA, 

whereass this was 0.5 and 1.3 IU IgE/ml respectively if soluble BSA was present (data not 

shown). . 

Itt was confirmed in the current report that sheep IgG should be present during 

incubationn with radioactive sheep anti-IgE in a FCS-RAST. It has been described 

previouslyy for RAST experiments with allergen extracts containing sheep or cow IgG such 

ass meat, milk or dander 2. If bivalent antibodies to bovine or ovine IgG are present in 

humann serum, false-positive results may be obtained by binding of these human antibodies 

withh one antigen-binding site to IgG on Sepharose, and with the other site to radioactive 

sheepp anti-human IgE. The results of our FCS-RAST were surprising, since IgG was 

expectedd to be low in fetal serum (according to the manufacturer: y-globulin < 0.5% of 

totall  protein). 

Wee showed that binding of IgE bound to immobilized BSA was not significantly 

influencedd (<1.5 IU IgE/ml serum) by incubation in buffer without BSA for 20 hours. IgE 

antibodiess might be monovalently or bivalently bound to immobilized BSA. If IgE binding 

wass bivalent in our tests, full dissociation is not easily accomplished in buffer because the 

IgEE antibodies that dissociate with one of the antigen-binding sites from BSA are likely to 

rebindd before the second site dissociates. However, in the presence of soluble BSA 

«associationn of the first site is prevented, and after dissociation of the second antigen-

bindingg site, the IgE antibody will be released from the Sepharose. The binding of IgE to 

BSAA might also be monovalent. However, this may seem incompatible with the 

requirementt for soluble BSA to dissociate the complex. IgE antibodies elute in the presence 

off  soluble BSA, which indicates that IgE and immobilized BSA occasionally dissociate. 
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Thus,, for monovalent binding elution in the absence of BSA was also expected. However, 

IgG44 antibodies, which are functionally monovalent 8B, also require soluble BSA for 

dissociation,, whereas no elution was induced in only buffer (data not shown). The lack of 

dissociationn in buffer may be explained by assuming the presence of an "unstirred layer". 

Ann antibody is assumed to have three possible states: (i) bound, (ii) unbound in a negligible 

distancee from the antigen, and (iii ) freely diffusing in the medium. In the second state, 

rebindingg of IgE antibodies is more likely than diffusion from the "unstirred layer" into the 

medium.. However, soluble BSA wil l prevent reassociation. 

Thee dissociation of IgE described in the current study can not completely be 

explainedd by assuming bivalent binding of IgE antibodies, since the dissociation time ( t j 

didd not change below 3.5 ng BSA per mm2. These results suggest that all IgE binding is 

monovalentt below this critical density. Thus, in case of a high concentration of 

immobilizedd BSA, most IgE is bound bivalently and dissociates slowly, whereas at a low 

concentrationn of immobilized BSA, most IgE is bound monovalently and dissociates 

rapidlyy in the presence of soluble BSA. The critical density of 3.5 ng BSA/mm2 is 

equivalentt to one BSA molecule per 32 nm2 (mean distance between molecules on a bead 

surfacee of 114 mm2: 6.1 nm). The maximal distance between two antigen binding sites of 

ann antibody, which is 150 A (15 nm), is approximately 2.5 times this value. However, only 

approximatelyy 10% of coupled proteins is available for antibody binding, because some 

proteinss are bound in antibody-inaccessible pores of the Sepharose (data not shown). If this 

correctionn factor is included in the calculations, one accessible BSA molecule might be 

presentt per 320 nm2 (distance between two BSA molecules: 19 nm), which is around the 

criticall  density for bivalent or monovalent binding. 

Posnerr et al. I4 also found a rapid and a slow phase in case of IgE dissociation. 

Thiss group monitored the dissociation of bivalent ligand-bivalent receptor aggregates in 

solution.. Dissociation of a bivalent ligand with two identical 2,4,-dinitrophenyl (DNP) 

groupss from fhiorescein-labeled monoclonal DNP-specific murine IgE was promoted by 

monovalentt ligand. In this system two types of IgE-ligand aggregates were formed, linear 

chainss and closed chains, consisting of at least trimers of IgE. A rapid and a slow 

dissociationn component were found. It was postulated that the fast phase was induced by 

dissociationn of monovalently bound IgE. 

Itt seems that it was not possible to elute all IgE antibodies. Approximately 15% of 

IgEE antibodies were not eluted in the presence of 1.5 mg soluble BSA. Why some IgE 

antibodiess were bound in a reversible way, while others apparently irreversibly, is not 

known.. Possibly secondary changes of the antibody-allergen complex lead to a tighter 

interaction.. This hypothesis might be verified by varying the incubation times of IgE with 

immobilizedd BSA in the elution experiments. 
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Inn the experiments described in the current study, soluble BSA was removed by 

washingg before incubation with radioactive anti-IgE. In a "standard" RAST, soluble BSA is 

presentt during this labelling step. Since anti-IgE will also bind eluted IgE, the RAST results 

mightt even be more disturbed in these experiments. In this paper we showed that soluble 

BSAA dissociates BSA-specific IgE antibodies from immobilized BSA in the RAST. 

Presumably,, a similar effect occurs in immunoblot experiments. Thus, the effect of soluble 

BSAA should be taken into account to avoid underestimation of the IgE antibody levels to 

BSAA and cow's milk, meat or dander. Moreover, since BSA is cross-reactive with serum 

albuminn from other animals (such as sheep, cat, dog and horse), soluble BSA may also 

influencee RAST results for these components. 
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Abstrac t t 

Background::  IgE-dependent histamine-releasing factor (HRF) is able to distinguish 

betweenn IgE+ and IgE". In contrast to IgE", IgE+ sensitizes basophils to release histamine in 

responsee to HRF. But we do not know what particular feature distinguishes IgE+ from IgE". 

Thee objective was to investigate the hypothesis that IgE+ is polymeric IgE. 

Methods:: IgE+ plasma was separated by size-exclusion chromatography. The basophil-

sensitizingg capacity of the fractions was analyzed in response to HRF produced by 

mononuclearr cells. 

Results::  We showed that monomeric IgE sensitized basophils to release histamine in 

responsee to HRF and to house dust mite, whereas no enhanced reactivity was found in the 

fractionss containing polymeric IgE. 

Conclusion::  HRF reacts with monomeric and not (exclusively) with polymeric IgE. 

Introductio n n 

IgE-dependentt histamine releasing factor (HRF) releases histamine from basophils 

onlyy in the presence of a special type of IgE, called IgE+. This is in contrast to IgE sera, 

whichh do not sensitize basophils to release histamine in response to HRF. Basophils from 50% 

off  patients with allergic asthma, 29% of patients with nonallergic asthma, and 29% of patients 

withh allergic rhinitis react to IgE-dependent HRF produced by mononuclear cells (HRF^)'. 

Thee IgE-dependent HRF cloned by MacDonald et al. 2 is rHRF p23. Although this 

factorr needs IgE+ to release histamine from basophils, binding of p23 to IgE has not been 

detectedd 3, suggesting that p23 has its own receptor on basophils. This is supported by the 

observationn that the rat basophilic leukemia cell line expressing functional human FceRl did 

nott release histamine in response to rHRF p23 after sensitization with IgE+ 4. These facts 

indicatee that the rHRF activity is not due autoreactivity. Recently, it has also been shown that 

thee signaling pathway of rHRF is distinct from the FceRl-mediated pathway used by allergens 
5.. rHRF p23 turned out to be a protein with multiple functions: besides inducing IgE-

dependentt histamine release, this protein also enhances anti-IgE-induced histamine release 

fromm basophils independently of the type of IgE. Moreover, it induces chemotaxis, calcium 

fluxx and IL-8 production by human eosinophils3. 

Recently,, it was shown that thapsigargin and ionomycin can distinguish between 

IgE++ and IgE" donors: both agents induced significantly higher histamine release from IgE+ 

donors.. No explanation for this enhanced responsiveness has as yet been provided 6. The 

structurall  basis of the difference between IgE+ and IgE" is unknown. Saxon et al. suggested 

thatt IgE+ reactivity to recombinant HRF p23 was conferred on basophils by polymeric IgE 

(Americann Academy of Allergy, Asthma and Immunology, Annual Meeting 1997). One of 
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thee IgE isoforms, "tailpiece", which is six aminoacids longer than the classic secreted IgE, 

occurss as polymer due to a terminal cysteine residue 7,s. 

Itt is well established that basophils can be stimulated by a combination of two 

partiall  agonists. For example, it has been shown that the combination of a cytokine (IL-3, 

IL-5,, or GM-CSF) with thapsigargin (a calcium ATPase inhibitor), which are both 

incompletee stimuli, is very potent in inducing histamine release from basophils 9. Similarly, 

HRFF might exert a priming effect on basophil histamine release: besides HRF, a special 

formm of IgE (for example, polymeric IgE) would be necessary to achieve full basophil 

activation. . 

Inn this paper we investigated whether HRF exerts its histamine-releasing activity 

viaa monomeric or polymeric IgE. 

Material ss  and Method s 

Material s s 
Thee required materials included RPMI (Gibco/BRL, Paisley, UK), fetal calf serum (FCS) 

(Bodinco,, Alkmaar, the Netherlands), streptokinase-streptodornase (SK/SD) (Lederle 

Laboratories,, Pearl River, NY, USA), Percoll (Pharmacia Fine Chemicals, Uppsala, 

Sweden),, HEPES (Sigma Chemicals Co, St. Louis, Mo, USA), human serum albumin 

(HSA)) (CLB, Amsterdam, the Netherlands), heparin Sepharose CL-6B and Protein A-

Sepharosee CL-4B (Pharmacia Biotech, Uppsala, Sweden); and AcA34 (Ultragel LKB, 

Villeneuve-la-Garenne,, France). Amicon YM3 (3000 MW) membranes (Amicon, Inc., 

Beverly,, MA, USA) were used to concentrate HRF preparations. Dermatophagoides 

pteronyssinuss extract was obtained from ALK (Copenhagen, Denmark). Protein 

concentrationss were determined using BCA protein assay (Pierce, IL, USA). 

Plasmaa samples were obtained, after informed consent, from volunteers from the 

Departmentt of Plasmapheresis of the CLB. Plasma was defibrinated by recalcification and 

dialyzed.. IgE+ plasma #151 (1600 IU/ml) and IgE' plasma #147 (1400 IU/ml) were positive 

forr IgE to common inhalant allergens. Buffy coats were derived from 1000 ml blood 

(Haemoneticss Plasma Collection System, Haemonetics Corporation, Braintree, MA, USA) 

fromm donors from the Department of Plasmapheresis of the CLB. 

Productio nn of HRFmn 

HRFF was prepared as described by Pasmans et al. '. In short, peripheral blood mononuclear 

cellss obtained by leucapheresis were isolated by Percoll centrifugation and elutriation. The 

cellss (5*10Vml) were cultured for 18 hours at 37°C in RPMI containing 5% (v/v) heat-

inactivatedd FCS, 50 uM 2-mercaptoethanol, 100 IU/ml penicillin, 100 ug/ml streptomycin, 

andd 300 ug/ml glutamine, and stimulated by 5.3 ul SK/SD per ml culture supernatant. The 

conditionedd culture medium was concentrated three times, IgE-independent HRFs were 
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removedd by heparin-Sepharose, after which it was again three times concentrated. The HRF 

preparationn is referred to as HRF .̂ The concentration of protein of the HRF preparation 

usedd in this study was 14 mg/ml. 

Histamin ee releas e bioassa y 
Thee histamine release assay was performed as described previously l0 with minor 

modifications.. Basophils from non-atopic donors were enriched (2%-5% purity) by Percoll 

centrifugation.. IgE was removed from die surface of the basophils by incubating the cells 

forr 3.5 min with lactic acid buffer (13.4 mM lactic acid, 140 mM NaCl, 5 mM KC1, pH 

3.9).. A volume of 10 ml of this buffer was added to 1.5x10s cells. The cells were sensitized 
1'' by incubation (37°C, 90 min) with die "sensitization mixture" containing human plasma, 

44 mM EDTA and 10 |j.g/ml heparin in a total volume of 1 ml. After sensitization, 2 ml 

HEPESS buffer (20 mM HEPES, 132 mM NaCl, 6 mM KC1, 1 mM MgS04, 1.2 mM 

K2HP04,, 5.5 mM glucose and 0.5% (w/v) human serum albumin, pH7.4) was added to the 

cells,, after which Üiey were washed twice. Before incubation with stimuli, the cells were 

allowedd to recover in HEPES buffer containing 1 mM CaCl2 for 30 minutes at 37°C. 

Incubationss (37°C, 60 min) were performed using 250 ul of cells (2.5x106 cells) and 50 ul 

allergenn or 100 ul HRF^ supernatant. HRF ,̂ and allergen samples were diluted in HEPES 

bufferr containing 1 mM CaCl2. The reactions were stopped by addition of 750 ul ice-cold 

0.9%% NaCl, after which the cells were pelleted (3 minutes at 12000 g), and 1000 ul 

supernatantt was mixed with 200 ul of 12% (v/v) perchloric acid. 

Thee release of histamine was determined by fluorometric analysis, as described by 

Siraganiann n. Histamine release was calculated as percentage of the total amount of 

histaminee in the cells, as determined by lysis of the cells by perchloric acid. The results 

weree not corrected for spontaneous release. 

Sizee fractionatio n of IgE* 
AA volume of 1 ml of IgE+ plasma #151 was fractionated by size-exclusion chromatography 

(AcA34,, 2 x 28 cm) to separate monomeric from polymeric IgE. The column was 

equilibratedd by HEPES buffer. Fractions of 1 ml were collected in which the IgM, IgE, 

IgG44 concentrations were determined. The concentrations were expressed as percentage of 

thee corresponding Ig present in plasma #151. 

Immunoglobuli nn assay s 
IgG4RIA IgG4RIA 

Dilutedd plasma samples or antibody dilutions (20 ul per incubation, in duplicate) were 

incubatedd overnight with 0.1 mg Protein A-Sepharose (250 ul). Binding was detected with 
125II  labeled anti-IgG4 (MH 164-1M, CLB, Amsterdam, the Netherlands). The amount of 

IgG44 was calculated using chimeric 2B12-IgG4 13 as reference reagent. 

TotalTotal IgE RIA 

Thee amount of IgE was measured as described previously l4. The incubations were 

performedd in duplicate. 
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TotalTotal IgM assay 

IgMM concentrations were determined by the Behring Nephelometer analyzer II using anti-

IgMM antibodies (CLB, Amsterdam, the Netherlands). 

Results s 

Histamin ee releas e by HRFmn 

Thee histamine-releasing capacity of HRFmn was studied with basophils sensitized 

byy plasma #151 or #147. Figure 1 shows that #151 is IgE+ plasma, and #147 IgE plasma. 

Histaminee release of basophils sensitized by plasma #151 in response to HRFmn is very 

reproducible:: with two different basophil donors, the releases were, respectively, 55.1

5.3%% (n=3, mean  SD) and 58  2.1% (n=4, mean  SD), while spontaneous releases 

were,, respectively, 3.1  0.8% (n=3, mean  SD) and 1.6  0.7% (n=4, mean  SD). 
Sizee fractionatio n of IgE* plasm a 

IgE++ plasma #151 was fractionated by size-exclusion chromatography to separate 

monomericc and polymeric IgE. IgM (1000 kD), IgE (180 kD), and IgG4 (150 kD) were 

separatedd from each other (figure 2). The peak of monomeric IgE was present in fraction 

40-44;; polymeric IgE is expected to elute before fraction 40. 

+_#151 1 

r-L_#147 7 

0.011 0.1 1 10 

HRFF (mg protein/ml ) 

Figur ee 1: Histamine release of basophils sensitized by IgE* (#151) or IgE" (#147) in response to HRF, 
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Figur ee 2: Size-exclusion chromatography on AcA34 of IgE* plasma #151. The elution profile of IgM (1000 
kD),, IgE (180 kD), and lgG4 (150 kD) from this plasma is depicted. The error bars indicate the range of the 
duplicates. . 

Plasmaa #151 was used as reference to determine the sensitizing activity of 

fractionatedd IgE. In figure 3, the dose-response curve of basophils sensitized by different 

amountss of plasma #151 is shown in two independent experiments with two different 

donors. . 

Fourr fractions were pooled to analyze the sensitizing capacity of fractionated 

plasmaa #151. Sensitization of basophils was performed within 15 minutes after size-

exclusionn chromatography to minimize the possibility of aggregation. Figure 4 shows 

histaminee release of basophils in response to HRFmn is shown. The sensitizing activity and 

thee concentration of IgE of the fractions are expressed as percentage of plasma #151 (figure 

4).. The sensitizing activity of the fractions was also tested with D. pteronyssinus extract. 

Thee sensitizing activity to both stimuli co-eluted with total IgE, and no enhanced reactivity 

wass found in the fractions preceding monomeric IgE. Fractions eluted before or with IgM 

didd not sensitize. The recovery of sensitizing activity in the fractions was lower than 

expectedd on basis of the IgE yield (figure 4). 

Size-exclusionn chromatography of plasma #151 and sensitization of basophils 

withh the fractions were repeated with another basophil donor. The sensitizing activity was 

againn found in the monomeric IgE fraction (data not shown). 
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Figur ee 3: Histamine release of basophils sensitized by increasing amounts of IgE* plasma #151 to HRFmn. 
Inn the two independent experiments, different basophil donors were used. Sensitization of 20x106 cells was 
performedd in a volume of 1 ml. Volume of serum is expressed as percentage of total volume. The 
spontaneouss release was 1.5%. 
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Figur ee 4: Size-exclusion chromatography profile of IgE* plasma #151. Release of histamine of basophils 
sensitizedd by plasma fractions, undiluted and 1:2, is depicted in response to HRFmn. Histamine release is 
shownn as percentage of total amount of histamine in the cells. Spontaneous release was 1.5%. With IgE* 
plasmaa #151 as reference (figure 3, donor 1), histamine release is expressed as a percentage of plasma 
activity.. Activity of 2.9% corresponds to 25% release of histamine in response to HRFmn preparation. Total 
IgEE expressed as percentage of IgE* plasma #151 is presented as bars. HRA: histamine-releasing activity. 
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Discussio n n 

Ourr results obtained by size fractionation of IgE+ plasma #151 indicated that 

HRFmnn reacts with monomelic IgE. Fractions eluted before monomeric IgE did not 

sensitizee basophils to release histamine to HRF, whereas monomeric IgE did. Therefore, it 

cann be concluded that HRF triggers basophils sensitized by monomeric IgE, and that 

histamine-releasingg reactivity of IgE+ is not an exclusive property of polymeric IgE. 

Afterr size fractionation of plasma #151, the recovery of IgE+ was less than that of 

IgE.. This might be caused by specific binding of IgE+ to the column material, resulting in a 

losss of IgE+. A structural heterogeneity of IgE+ could be responsible for this. 

Ourr results show that IgE+ is not likely to be IgE isoform "tailpiece", which is 

supposedd to form multimers via its additional C-terminal cysteine residues. IgE+ might be 

onee of the other splice variants 781516. IgE isoform '"chimeric" is 10 amino acids shorter 

thann the classic secreted IgE due to replacement of the last 37 amino acids by 27 amino 

acidss of the CH5 site, whereas IgE isoform "grande" contains 134 additional C-terminal 

aminoo acids. It was demonstrated that B cells from atopic individuals produced relatively 

higherr levels of the isoform "grande", lower amounts of IgE isoform '"tailpiece", and very 

loww levels of IgE isoform '"chimeric" compared to those from nonatopic individuals l7. IgE 

isoformss might be differentially expressed under certain disease conditions. 

Theree might be other features that distinguish IgE+ from IgE'. MacDonald 

ett al.2 speculated that IgE+ reactivity is dependent on the mode of glycosylation of IgE ,8. 

However,, no carbohydrate differences were found; Kleine-Tebbe et al. I9 showed that 

oligosaccharide-specificc lectins could not distinguish between basophils sensitized with 

IgE++ or with IgE". 

Polyclonall  human IgE has a variable binding to staphylococcal protein A 
20,2'.. This binding is via Fab fragment, and been localized to the V region of the Ig H chain. 

Thee heterogeneity of IgE that distinguishes IgE+ from IgE" might also be caused by VH 

subgroups.. Correlation between these subgroups and IgE+ has not yet been reported. 

IgE++ reactivity might also be caused by the presence of IgG antibodies directed 

againstt IgE, which have been detected in some allergic conditions 22-23. These IgG anti-IgE 

antibodiess modulate basophil histamine release in an additive as well as in a blocking 

manner.. However, our study indicated that IgE+ reactivity is not caused by the presence of 

thesee anti-IgE antibodies. Histamine-releasing activity of fractionated serum co-eluted with 

totall  IgE, whereas in case of IgG-IgE complexes this activity would be present in the 

fractionss eluted before the total IgE peak. Alternatively, if anti-IgE and IgE do not form 

complexess in serum, anti-IgE could bind IgE when it is present on the surface of the 

basophil.. Then the sensitizing activity would be present between the IgE and IgG elution 

peak. . 
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InIn conclusion, we did not find evidence to support the hypothesis that IgE+ is 

polymericc IgE. 
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HRFHRF and the bronchial late allergic reaction 

Abstrac t t 

Background::  The working hypothesis that IgE-reactivity to histamine-releasing factor 
(HRF)) significantly contributes to the late allergic reaction (LAR) was tested. Moreover, 
IgE-reactivityy to HRF produced by mononuclear cells (HRFinn) was compared with that to 
recombinantt HRF p23. 

Methods::  Atopic patients were bronchially provoked with D. pteronyssinus and the change 
inn FEV1 was monitored. A LAR was defined as a decrease of more than 20% in FEV1 6-12 
hrr after allergen challenge. The presence of IgE-reactivity to HRF was determined using 
basophilss sensitized in vitro by serum. 

Results::  IgE-reactivity to HRF^ was shown not be essential for a LAR. An unexpected 
negativenegative association was found between HRFmn-reactive IgE and LAR in the mild asthma 
group:: 10 HRF-reactive IgE sera out of 33 patients with a LAR, 14 out of 16 patients 
withoutt a LAR, pO.001. Furthermore, it was demonstrated that the activity of HRF,™ and 
recombinantt HRF p23 was not equivalent in the bioassay. 

Conclusion::  The results do not support the hypothesis that IgE-reactivity to HRF,™ induces 
aa LAR, but they are compatible with the alternative hypothesis that HRFs are released 
duringduring a LAR. It is not clear yet whether the subsequent IgE-reactivity is an aggravating or 
aa protective factor in allergy. 

Introductio n n 
Histamine-releasingg factors (HRFs) have been suggested to play a role in the late 

andd chronic allergic reaction l. Histamine released during this late-phase reaction has been 
shownn to be produced by basophils 2'3 possibly activated by HRFs !'4. These factors are 
producedd in vitro by different cell types such as alveolar macrophages 5'6 thrombocytes 7, 
andd lymphocytes 8. In vivo these factors are found in late-phase nasal washings 9, skin 
blisterr fluids l, and broncho-alveolar lavages 10. 

HRF-preparationss contain both IgE-independent and IgE-dependent factors. IgE-
independentt activity, which is mainly mediated by chemokines, is independent of the atopic 
statuss of patient 8 ,n. IgE-dependent factors release histamine from basophils only if a 
speciall  type of IgE is present on the surface of these cells, called IgE+9. In a previous study 
ourr group investigated the clinical relevance of IgE-dependent factors after removal of IgE-
independentt factors from an HRF-preparation produced by mononuclear cells n. We found 
aa significantly higher prevalence of IgE+ in serum of patients with allergic rhinitis, allergic 
asthma,, and nonallergic asthma compared to non-atopic controls. Moreover IgE+ was 
associatedd with a high bronchial sensitivity to histamine in asthmatic patients. 

Onee IgE-dependent HRF has been cloned, which is p23 l3 also known as 
translationallyy controlled tumor protein (TCTP)14. Despite the fact that this factor needs IgE+ 

too be a complete secretagogue of histamine from basophils, binding of recombinant HRF p23 
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(rHRFF p23) to IgE has not been detected by ELISA technology or affinity chromatography 15. 
Furthermore,, a rat basophilic leukemia cell line expressing functional human FceRl did not 
releasee histamine in response to rHRF p23 after sensitization with IgE+ 16. Finally, rHRF p23 
activatess human eosinophils and the eosinophil-like cell line, AML-3D10, which does not 
expresss the FceRl a 17. These observations suggest that HRF p23 has its own receptor on 
basophils. . 

Twoo hypotheses to explain the reactivity of IgE+ are autoreactivity, or heterogeneity 
off  IgE. Valenta et al. ,8 detected autoreactive IgE in sera of patients with atopic dermatitis 
(AD).. IgE autoantigens were detected in extracts of several human cell types. Using cDNA 
librariess of human cells several IgE autoantigens were identified ,9~21. These IgE 
autoantibodiess could be IgE+; in this case HRF is an autoallergen. The capacity of these 
antibodiess to sensitize basophils to release histamine in response to these autoantigens has 
nott been determined. Alternatively, the HRF-reactive part of IgE+ might be present in the 
constantt regions of the IgE molecule. MacDonald et al. l3 speculated that IgE+ reactivity is 
dependentt on the mode of glycosylation of IgE 9. However no carbohydrate differences 
weree found 22. Since IgE-dependent HRF demonstrates a priming effect on anti-IgE-
inducedd basophil histamine release 23, a second signal (for instance different glycosylated 
IgE,, or polymeric IgE) might be necessary to achieve basophil activation upon stimulation 
withh HRF. We recently presented data that IgE-reactivity to HRF produced by mononuclear 
cellss (HRFmn) was conferred to basophils by monomeric IgE and does not require 
polymericc IgE 4. 

Inn this study we investigated the association between IgE-reactivity to HRF,™ and 
thee presence of a late allergic reaction using a well-defined group of atopic patients, who 
participatedd in a bronchial provocation study 25. Furthermore, the reactivity to HRF™ was 
comparedd to that to rHRF p23. 

Material ss  and Method s 
Thiss study was performed after written informed consent of the patients and was approved 
byy the local ethical committee. 
Humann subjects 
AllergicAllergic mild asthma patients 

Twenty-sixx subjects with asthma were investigated by Lopuhaa et al. (manuscript in 
preparation)) and twenty-three by Veen et al. 25 (31 female; mean age 27.0 years ranging 
fromm 18 to 42). Diagnosis was based on history of episodic dyspnea with wheezing and 
reversiblee bronchus obstruction. Al l individuals had mild to moderate asthma diagnosed 
accordingg to the GINA (Global Initiative for Asthma) guidelines (score 1-3), and were 
positivee to D. pteronyssinus determined by RAST and skin prick test. In table 1 clinical 
dataa of the patients are presented. 
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AtopicAtopic non-asthma patients 

Twenty-sixx subjects with rhinitis were investigated (Lopuhaa et al., manuscript in 
preparation)) (18 female; mean age 27.5 years ranging from 19 to 37). The patients had a 
historyy of rhinorhea, nasal blockade, sneezing, and pruritus, but no history of current or past 
episodess of dyspnea and wheezing. Al l patients were RAST and skin prick test positive to 
D.D. pteronyssinus. Moreover seven subjects without a history of allergic upper or lower 
airwayss disease were studied (3 female; mean age 24.7 year ranging from 18 to 30). They 
weree positive to D. pteronyssinus in RAST and skin prick test. This group is referred to as 
"asymptomatic".. The allergic rhinitis patients and the asymptomatic atopics were called the 
atopicc non-asthma group. In table 2 clinical data of the patients are presented. 
ControlControl group 

Fifteenn subjects (11 female; mean age 31 years ranging from 20 to 50) without a history of 
allergyy or airways disease were used as control group. They were skin prick test and RAST 
negativee to the common inhalant allergens (house dust mite, grass pollen, birch pollen, cat 
dander,, dog dander; Alternaria, and Aspergillus). Their forced expiratory volume in 1 
secondd (FEV1) was within the normal range (>70% of predicted), and they had no 
bronchiall  hyperreactivity (provocative concentration of histamine eliciting a 20% decrease 
off  FEV1 (PC20 histamine) > 8 mg/ml). The characteristics of these subjects are presented 
inn table 3. 
RASTT and tota l IgE assay 
Seraa from all subjects were RAST tested to common inhalant allergens (house dust mite, 
grasss pollen, birch pollen, cat dander, dog dander; Alternaria, and Aspergillus) and the total 
IgEE concentration was measured as described previously 26. 
Bronchiall  allergen provocation 
Asymptomaticc subjects and subjects with asthma and rhinitis were provoked bronchially by 
D.D. pteronyssinus (ALK , Itorsholm, Denmark) 25. The bronchial allergen challenge and 
measurementss of lung functions have been described in detail by van der Veen et al. 25;27. 
Al ll  subjects were investigated in a stable phase of the disease and had a FEV1 > 70% of 
predicted.. Al l patients had to stop their medication of oral anti-histamines, inhalation 
therapyy with short acting p2-agonists and/or corticosteriods for 2 weeks, 12 hours, and 6 
weekss respectively before allergen challenge. None of the patients had received house dust 
mitee specific immunotherapy. They did not have a history of respiratory tract infection or 
obviouss changes in allergen exposure for at least 6 weeks prior to allergen challenge. 
Thee day before the allergen challenge, the patients were provoked with diluent and the 
diurnall  variation in FEV1 was determined. Doubling doses of allergen were inhaled with 10 
minutesminutes intervals until a fall in FEV1 > 20% relative to baseline FEV1 occurred. If the 
FEV11 dropped between 15% and 20%, the last dose of allergen was administrated again. 
Afterr the provocation, the FEV1 was measured for 24 hours. The results of the response to 
allergenn were expressed as percentage change from baseline FEV1, and corrected for 
diurnall  variation of FEV1 as found after control challenge. The maximal change in FEV1 
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off  patient A41 was -64% after allergen provocation, and +28% at the control day, resulting 

inn a temporal bronchial response of -92%. In the asymptomatic atopics, the allergic rhinitis 

patients,, and the allergic asthma patients the maximal change in FEV1 6-12 hours after 

allergenn provocation was -8.7%  6.1 (n=7, mean  SD), -20.6%  13.5 (n=26, mean

SD),, and -36.2%  23.1 (n=49, mean  SD) respectively. A late allergic reaction (LAR) 

wass defined as a decrease of more than 20% 6 to 12 hr after allergen challenge. 

Referencee plasma 
HRFnin-reactivee plasma #151 was defibrinated by recalcification and dialyzed. This plasma 

(totall  IgE: 1600 IU/ml) was positive for IgE to the common inhalant allergens house dust 

mite,, grass pollen, birch pollen, cat dander, dog dander, Alternaria, and Aspergillus, and 

wass allotted with 100 sensitizing units per ml. 

Materials s 
Buffyy coats were derived from 1000 ml blood (Haemonetics Plasma Collection System, 
Haemoneticss Corporation, Braintree, MA, USA) from donors from the Department of 
Plasmapheresiss of the CLB. Streptokinase-streptodornase (SK/SD) (Lederle Laboratories, 
Pearll  River, NY, USA); Percoll (Pharmacia Fine Chemicals, Uppsala, Sweden); HEPES 
(Sigmaa Chemicals Co, St. Louis, Mo, USA); human serum albumin (HSA) (CLB, Amsterdam, 
thee Netherlands); recombinant IL-3 (Pepro Tech Inc., Rocky Hill , NJ, USA); heparin 
Sepharosee CL-6B and Sephadex G75 (Pharmacia Biotech, Uppsala, Sweden). Amicon YM3 
(30000 MW) membranes (Amicon, Inc., Beverly, MA, USA) were used to concentrate H R Iw 
preparations.. Protein concentrations were determined using BCA protein assay (Pierce, IL, 
USA). . 
Productio nn of IgE-dependen t HRFmn 

IgE-dependentt HRF™ was prepared as described by Pasmans et al. 28. In short, peripheral 
bloodd mononuclear cells obtained by leucapheresis were isolated by Percoll centrifugation 
andd elutriation and stimulated for 18 hours with streptokinase/streptodomase (SK/SD). IgE-
independentt HRFs were removed from the culture supernatant by Heparin-Sepharose. 
Thee eleven most active HRFmn preparations out of twenty-nine from different donors were 
pooled,, and four times concentrated to 45 ml. Four times 10 ml was fractionated by size-
exclusionn chromatography (73x2.8 cm Sephadex G75). Fractions of 14 ml were collected. 
Thee histamine releasing activity in the fractions was determined by sensitizing basophils 
withh HRFmn-reactive serum #151. Five fractions containing IgE-dependent histamine-
releasingg activity were pooled, and ten times concentrated. The concentration of protein 
wass 9.4 mg/ml. A culture medium preparation containing SK/SD was prepared in the same 
wayy for control experiments. 
Recombinantt  HRF p23 production. 
HRFF fusion protein was excision cloned from the PGEX-2T vector used in the E. coli 
productionn '3 including the 5' glutathione S-transferase (GST) tag, into the baculovirus 
vectorr pVL1393. Plasmid DNA was transfected into Sf 9 cells for viral isolation and 
amplificationn according to the company's specifications (Invitrogen, San Diego, CA, USA). 
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Subsequently,, the Sf 9 insect cells were grown commercially on a large scale in serum free 
mediaa (Paragon Biotech, Baltimore, MD, USA). The cell pellet from 8 liters of Sf 9 cells 
wass suspended in 800ml of buffer (20mM sodium phosphate, 500 mM sodium chloride, pH 
7.8)) to which 800 ul of PharMingen Inhibitor Cocktail (PharMingen, SanDiego, CA, USA) 
wass added. The suspension was freeze thawed three times, and centrifuged at 9000 rpm for 
200 minutes. Purification of the supernatant, which contained the GST-HRF fusion protein, 
wass accomplished by affinity chromatography on immobilized glutathione 29, and 
confirmedd by SDS-PAGE and Western blotting using a polyclonal anti-HRF antibody 
generatedd against the recombinant material produced in E.coli '3. Protein concentration was 
determinedd using the Bio-Rad Protein Assay (Hercules, CA) and was found to be 160 
ug/ml.. rHRF p23 was dialyzed against isotonic PIPES buffer (25 mM PIPES, 110 mM 
NaCl,, 5 mM KC1, pH 7.3). HRF p23 contained a single band on SDS-PAGE and was 
judgedd to be greater than 95% pure. 
Histaminee release bioassay 

Thee histamine release assay was performed as described previously 24,30. The temperature 
duringg the experiment was room temperature unless indicated differently. Basophils were 
enrichedd (2%-5% purity) by Percoll centrifugation. IgE was removed from the surface of 
thee basophils by lactic acid buffer (13.4 mM lactic acid, 140 mM NaCl, 5 mM KC1, pH 3.9; 
100 ml/1.5xl08 cells). The cell suspension was neutralized by HEPES buffer (20 mM 
HEPES,, 132 mM NaCl, 6 mM KC1, 1 mM MgS04, 1.2 mM K2HP04, 5.5 mM glucose and 
0.5%% (w/v) human serum albumin, pH7.4) After washing with HEPES buffer, the cells 
weree sensitized 3I by incubation (37°C, 90 min) with the 'sensitization mixture' containing 
1500 ul of human serum, 4 mM EDTA and 10 ug/ml heparin in a total volume of 1 ml. The 
amountt of serum used for sensitization was not adjusted for the total IgE. Basophils were 
nott saturated by serum , thus the conditions in our experiments reflected the situation in 
vivoo with differences in IgE concentrations. After sensitization, 2 ml HEPES buffer was 
addedd to the cells after which they were washed twice. Before incubation with stimuli, the 
cellss were allowed to recover for 30 minutes at 37°C in HEPES buffer containing 1 mM 
CaCl2.. Incubations (2.5xl06 cells, 37°C, 60 min) were performed in ImM CaĈ  in a final 
volumee of 350 ul. HRF™ activity was tested in different concentrations (3-fold dilutions, 
finall  protein concentration: 19.9-537 ug/ml). The reaction to the culture medium control 
wass tested in the presence of a saturating concentration of recombinant IL-3 (600 pM), 
sincee priming cytokines such as IL-3 are also present in the HRF-preparation. Incubations 
withh rHRF p23 were performed in 5 mM CaCl2 in a final volume of 100 ul (rHRF p23 
testedd in two dilutions; final concentrations 64 ug/ml and 16 (ig/ml). The histamine release 
reactionss were stopped by the addition of ice-cold 0.9% NaCl. 
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Tablee 1: Characteristics of allergic mild asthma patients. 

Agee sex FEV1 PC20pre |gE HRF-mn IgE RAST 

Asthma a 
A1 1 
A2 2 
A3 3 
A4 4 
A5 5 
A6 6 
A7 7 
A8 8 
A9 9 
A10 0 
A11 1 
A12 2 
A13 3 
A14 4 
A15 5 
A16 6 
A17 7 
A18 8 
A19 9 
A20 0 
A21 1 
A22 2 
A23 3 
A24 4 
A25 5 
A26 6 
A27 7 
A28 8 
A29 9 
A30 0 
A31 1 
A32 2 
A33 3 
A34 4 
A35 5 
A36 6 
A37 7 
A38 8 
A39 9 
A40 0 
A41 1 
A42 2 
A43 3 
A44 4 
A45 5 
A46 6 
A47 7 
A48 8 
A49 9 

24 4 
28 8 
29 9 
28 8 
29 9 
22 2 
27 7 
22 2 
22 2 
34 4 
31 1 
19 9 
21 1 
26 6 
37 7 
24 4 
23 3 
35 5 
22 2 
28 8 
25 5 
29 9 
22 2 
18 8 
18 8 
21 1 
40 0 
29 9 
28 8 
22 2 
30 0 
24 4 
23 3 
30 0 
21 1 
38 8 
24 4 
35 5 
27 7 
42 2 
40 0 
24 4 
27 7 
25 5 
26 6 
24 4 
35 5 
23 3 
24 4 

F F 
M M 
F F 
M M 
F F 
F F 
F F 
F F 
F F 
F F 
M M 
F F 
M M 
F F 
F F 
M M 
F F 
M M 
F F 
M M 
M M 
M M 
M M 
M M 
F F 
M M 
M M 
F F 
M M 
F F 
F F 
F F 
F F 
M M 
F F 
F F 
F F 
F F 
F F 
M M 
F F 
M M 
F F 
F F 
M M 
F F 
F F 
F F 
F F 

(%% pred) (mg/ml) 

111 1 
95 5 
86 6 
71 1 
95 5 
99 9 

111 1 
104 4 
95 5 
83 3 

114 4 
105 5 
106 6 
116 6 
104 4 
90 0 
94 4 
87 7 

103 3 
118 8 
106 6 
78 8 

102 2 
83 3 

103 3 
81 1 
74 4 
87 7 
69 9 
97 7 

104 4 
105 5 
81 1 

102 2 
74 4 
72 2 

105 5 
114 4 
115 5 
98 8 
72 2 

106 6 
89 9 
91 1 
90 0 
64 4 

122 2 
85 5 

111 1 

12.0 0 
11.5 5 

1.1 1 
8.0 0 
3.5 5 
1.2 2 
7.4 4 

>32 2 
0.2 2 
7.9 9 

>32 2 
1.0 0 

11.5 5 
9.2 2 
2.6 6 
1.1 1 
5.5 5 
3.0 0 
1.3 3 
2.8 8 
0.6 6 
0.5 5 
6.6 6 
0.3 3 
0.3 3 
0.1 1 
0.2 2 
0.8 8 
0.4 4 
0.6 6 
1.2 2 
2.0 0 
1.2 2 
3.5 5 
0.4 4 
0.3 3 
0.9 9 
1.1 1 
0.9 9 
2.2 2 
0.1 1 
4.2 2 
0.0 0 
2.6 6 
2.9 9 
0.2 2 

14.8 8 
10.0 0 
0.7 7 

(units/ml) ) 

279 9 
264 4 
194 4 
145 5 
126 6 
119 9 
79 9 
78 8 
76 6 
40 0 
39 9 
28 8 
26 6 
23 3 
18 8 
13 3 
12 2 
12 2 
10 0 
9 9 
9 9 
8 8 
8 8 
6 6 

<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 

(lU/ml) ) 

1144 4 
1153 3 
916 6 

1328 8 
119 9 

1086 6 
276 6 
560 0 
535 5 
260 0 
507 7 

3568 8 
716 6 

76 6 
189 9 
365 5 

63 3 
128 8 
52 2 

178 8 
311 1 
241 1 
349 9 
247 7 
536 6 

96 6 
90 0 

331 1 
2352 2 

264 4 
370 0 
571 1 

13 3 
38 8 

184 184 
37 7 
96 6 
16 6 
25 5 
88 8 

1197 7 
85 5 

128 8 
163 3 
225 5 
380 0 
418 8 

47 7 
42 2 

m m 

5 5 
4 4 
4 4 
4 4 
2 2 
4 4 
4 4 
4 4 
5 5 
4 4 
4 4 
5 5 
4 4 
4 4 
5 5 
4 4 
3 3 
4 4 
3 3 
3 3 
4 4 
4 4 
1 1 
4 4 
5 5 
4 4 
4 4 
4 4 
5 5 
4 4 
4 4 
4 4 
3 3 
4 4 
4 4 
3 3 
4 4 
3 3 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
3 3 
4 4 

9 9 

5 5 
4 4 
4 4 
5 5 
4 4 
5 5 
4 4 
4 4 
5 5 
5 5 
1 1 
0 0 
1 1 
4 4 
3 3 
0 0 
4 4 
2 2 
4 4 
3 3 
2 2 
3 3 
2 2 
0 0 
4 4 
3 3 
1 1 
0 0 
2 2 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 2 
0 0 
1 1 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 

c c 

0 0 
4 4 
4 4 
0 0 
1 1 
3 3 
0 0 
3 3 
4 4 
1 1 
4 4 
0 0 
4 4 
1 1 
0 0 
2 2 
0 0 
1 1 
2 2 
0 0 
1 1 
1 1 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
3 3 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
1 1 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
1 1 
1 1 
0 0 
0 0 

d d 

1 1 
1 1 
3 3 
0 0 
0 0 
0 0 
0 0 
1 1 
1 1 
1 1 
0 0 
0 0 
3 3 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

alt t 

0 0 
0 0 
4 4 
0 0 
0 0 
4 4 
4 4 
0 0 
0 0 
2 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

asp p 

0 0 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

b b 

5 5 
4 4 
0 0 
1 1 
0 0 
5 5 
2 2 
2 2 
4 4 
4 4 
0 0 
0 0 
5 5 
3 3 
3 3 
0 0 
3 3 
0 0 
0 0 
3 3 
1 1 
3 3 
4 4 
1 1 
4 4 
3 3 
0 0 
0 0 
0 0 
4 4 
0 0 
0 0 
0 0 
0 0 
4 4 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
2 2 
0 0 
0 0 
2 2 
0 0 
0 0 
0 0 

Abbreviations:: PC20pre: PC20 histamine before provocation; m: house-dust mite; g: grass pollen; 
c:: cat dander; d: dog dander; Alt: Altemaria; Asp: Aspergillus; b: birch pollen 
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Tablee 2: Characteristics of asymptomatic atopics, and allergic rhinitis patients. 

Asymptomatic! ! 
B1 1 
B2 2 
B3 3 
B4 4 
B5 5 
B6 6 
B7 7 

Rhinitis Rhinitis 
R1 1 
R2 2 
R3 3 
R4 4 
R5 5 
R6 6 
R7 7 
R8 8 
R9 9 
R10 0 
R11 R11 
R12 2 
R13 3 
R14 4 
R15 5 
R16 6 
R17 7 
R18 8 
R19 9 
R20 0 
R21 R21 
R22 2 
R23 3 
R24 4 
R25 5 
R26 6 

Age e 

18 8 
25 5 
30 0 
28 8 
24 4 
25 5 
23 3 

32 2 
32 2 
29 9 
21 1 
26 6 
19 9 
28 8 
37 7 
37 7 
25 5 
21 1 
31 1 
25 5 
29 9 
31 1 
21 1 
30 0 
23 3 
23 3 
33 3 
24 4 
21 1 
25 5 
28 8 
27 7 
36 6 

sex x 

M M 
F F 
F F 
M M 
M M 
F F 
M M 

F F 
F F 
M M 
F F 
M M 
F F 
M M 
M M 
F F 
F F 
F F 
F F 
M M 
M M 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
F F 
M M 
M M 

FEV1 1 
(%pred) ) 

113 3 
99 9 

105 5 
110 0 
103 3 
112 2 
103 3 

88 8 
110 0 
114 4 
111 1 
98 8 

125 5 
101 1 
95 5 

119 9 
66 6 
98 8 
84 4 

106 6 
92 2 
95 5 

115 5 
106 6 
108 8 
96 6 

109 9 
118 8 
118 8 
108 8 
100 0 
110 0 
99 9 

PC20pre e 
(mg/ml) ) 

15.9 9 
17.8 8 
20.9 9 
11.8 8 
6.3 3 

12.6 6 
9.3 3 

>32 2 
>32 2 
22.4 4 
15.5 5 
>32 2 
6.9 9 
6.3 3 
6.3 3 
5.1 1 
0.7 7 
>32 2 
12.6 6 
4.0 0 
8.7 7 

11.8 8 
15.9 9 
16.6 6 
4.4 4 
5.8 8 
6.8 8 
7.9 9 

10.7 7 
>32 2 
5.0 0 
1.4 4 

26.3 3 

IgEE HRF-mn 
(units/ml) ) 

114 4 
67 7 
32 2 
<3 3 
<3 3 
<3 3 
<3 3 

159 9 
149 9 
58 8 
28 8 
27 7 
27 7 
24 4 
18 8 
14 4 
13 3 
4 4 

<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 

igE E 
(lU/ml) ) 

488 8 
96 6 

206 6 
450 450 

42 2 
183 3 
44 4 

1994 4 
276 6 
230 230 

1151 1 
250 250 
323 3 
128 8 
69 9 
58 8 

285 5 
79 9 
86 6 

291 1 
68 8 
27 7 

108 8 
31 1 

230 0 
79 9 

171 1 
16 6 

406 6 
39 9 
23 3 

483 3 
58 8 

m m 

2 2 
1 1 
4 4 
2 2 
3 3 
3 3 
2 2 

5 5 
2 2 
3 3 
4 4 
3 3 
4 4 
4 4 
4 4 
2 2 
4 4 
2 2 
4 4 
4 4 
4 4 
2 2 
2 2 
4 4 
3 3 
4 4 
3 3 
3 3 
4 4 
3 3 
3 3 
4 4 
3 3 

9 9 

4 4 
4 4 
4 4 
0 0 
0 0 
0 0 
0 0 

5 5 
1 1 
4 4 
2 2 
0 0 
3 3 
3 3 
2 2 
4 4 
0 0 
3 3 
2 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
1 1 
0 0 

c c 

0 0 
0 0 
2 2 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
3 3 
0 0 
1 1 
2 2 
2 2 
2 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 

RAST T 

d d 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
2 2 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

alt t 

0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

asp p 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

b b 

3 3 
1 1 
0 0 
0 0 
2 2 
0 0 
0 0 

4 4 
3 3 
0 0 
3 3 
0 0 
3 3 
3 3 
2 2 
0 0 
0 0 
1 1 
1 1 
0 0 
2 2 
0 0 
0 0 
0 0 
1 1 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Abbreviations:Abbreviations: PC20pre: PC20 histamine before provocation; m: house-dust mite 
g:g: grass pollen; c: cat dander; d: dog dander; Alt: Altemaria; Asp: Aspergillus; b: 
birchbirch pollen 

Tablee 3: Characteristics of healthy controls. 

(Jontrols s 
C1 1 
C2 2 
C3 3 
C4 4 
C5 5 
C6 6 
C7 7 
C8 8 
C9 9 
C10 0 
C11 1 
C12 2 
C13 3 
C14 4 
C15 5 

Age e 

22 2 
38 8 
39 9 
26 6 
29 9 
20 0 
25 5 
39 9 
48 8 
22 2 
23 3 
31 1 
30 0 
23 3 
50 0 

sex x 

F F 
M M 
M M 
F F 
M M 
F F 
F F 
F F 
F F 
F F 
F F 
M M 
F F 
F F 
F F 

FEV1 1 
(%% pred) 

106 6 
110 0 
100 0 
121 1 
110 110 
103 3 
122 2 
114 4 
102 2 
113 3 
99 9 

100 0 
96 6 

102 2 
75 5 

HCÜU U 
mg/ml l 

23 3 
>32 2 
>32 2 
>32 2 

21 1 
>32 2 
>32 2 
>32 2 

7 7 
12 2 
11 1 

>32 2 
12 2 
15 5 

>32 2 

Igbb HW-mn 
units/ml l 

<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 

igb b 
(IU/ml) ) 

14 4 
46 6 
25 5 

8 8 
92 2 
14 4 
59 9 
47 7 

5 5 
18 8 
28 8 

5 5 
4 4 
5 5 

10 0 

m m 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

g g 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

c c 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

RAST T 

a a 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

alt t 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

asp p 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

b b 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

Abbreviations:Abbreviations: m: house-dust mite; g: grass pollen; c: cat dander; d: dog dander, Alt: Altemaria; 
Asp:Asp: Aspergillus; b: birch pollen 
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Thee release of histamine was determined by fluorometric analysis as described by 
Siraganiann 33. Histamine release was calculated as percentage of the total histamine, 
determinedd by lysis of the cells by perchloric acid. The results were not corrected for 
spontaneouss release. 

Calculatio nn of level s HRF-reactiv e IgE 
Histaminee release to dilutions of HRF™ of basophils sensitized by serum to be measured 
wass compared with that of basophils sensitized by plasma #151 (100 sensitizing units to 
HRFmnn per ml). Sera found to be HRF^-reactive were also tested for reactivity to the 
culturee medium control. Using the HRF-response curve of plasma #151 (which has no IgE-
reactivityy to culture medium), the sensitizing units to culture medium in serum to be 
investigatedd were calculated. The sensitizing units to the total HRF,™ preparation were 
correctedd for the sensitizing units to culture medium. A serum containing more than 3 
sensitizingg units/ml was defined as HRF^-reactive serum. This corresponds to more than 
15%% histamine release to the highest concentration of HRFmn. IgE-independent histamine 
releasee to the HRF-preparation, determined by sensitizing basophils with a serum with low 
totall  IgE (< 1 IU IgE/ml), was below 5%. The results were not corrected for this 
background.. The method to calculate the sensitizing units/ml was shown to be 
reproducible:: patient B3: 30  2 units/ml (n=3, mean  SD), patient A9: 79  3 units/ml 
(n=3,, mean  SD). 

IgE++ serum #GG (5000 IU/ml) was used as positive control for the activity of rHRF p23. 

Statistics s 
Differencess of geometric means between groups were determined by Student's t-test. To 
comparee the prevalence of HRFmn-reactive IgE, the Chi-square test with Yates correction 
wass used. Non-parametric comparisons of the level of HRF^-reactive IgE were performed 
byy means of the Mann-Whitney test. Al l p-values are two-tailed. Correlations were 
analyzedd by the Spearman test. If PC20 histamine exceeded 32 mg/ml, 64 mg/ml was used 
forr analysis. If the level of sensitizing units/ml was lower than 3 units/ml, 3 was used for 
analysis. . 

Result s s 

Prevalenc ee of HRFmn-reactiv e IgE 
Onlyy one serum (asthma patient A2) reacted to the culture medium control. The 

sensitizingg activity of this serum (267 unit/ml to total HRFmn preparation) was corrected for 
thiss culture medium response (3.4 unit/ml). Serum of 38/82 of atopic patients sensitized 
basophilss to respond to HRFmn, whereas 0/15 sera of non-atopic controls did (p<0.005). No 
associationn was found between the prevalence of HRFmn-reactive IgE and the disease status. 
Serumm of 14/33 of atopic patients without asthma, and 24/49 with allergic mild asthma 
containedd HRFmn-reactive IgE (pX).5). The level of HRFmn-reactive IgE in serum of 
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Figur ee 1: Levels of HRFm„-reactive IgE in the 3 groups of subjects. Sensitizing units per ml in patient sera 
(non-atopic:: n=15, atopic non-asthma: n=33, asthma: n=49) were calculated using plasma #151 as 
reference.. The atopic patients were bronchially provoked by D. pteronyssinus. Solid symbols: no LAR, 
openn symbols: LAR. 

allergicc asthma patients was also not significantly different from that of atopic non-asthma 

patientss (figure 1). 
HRFmn-reactivee IgE and the histamine threshold 

Inn the asthma group a low histamine threshold before allergen challenge (PC20pre) 
wass negatively associated with the presence of HRFnm-reactive IgE (sera with HRP-reactive 
IgEE geometric mean PC20pre 3.3 mg/ml, versus sera without HRF-reactive IgE 0.8 mg/ml; 
p<0.001).. Also after allergen provocation, PC20 histamine was lower in sera without IgE-
reactivityy to HRF. In the atopic non-asthma group no significant difference in histamine 
thresholdd was found between the HRF-reactive and non-reactive sera (geometric means 
10.88 mg/ml and 7.7 mg/ml respectively, p>0.2). 
HRFmn-reactivee IgE and late allergic reaction (LAR) 

Ann unexpected negative association was found between IgE-reactivity to HRFmn 

andd a LAR after allergen challenge in the mild asthma group: 10 HRFmn-reactive IgE sera 
outt of 33 patients with a LAR, 14 out of 16 patients without a LAR (odds ratio 0.06; 95% 
CII  0.01-0.33, pO.001). The drop in FEV1 during the LAR was approximately twice as 
highh in the group without HRF-reactive IgE as in the group with this reactivity (figure 2). 
Thee negative association between a LAR and HRF-reactive IgE was not found in the non-
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Figuree 2: The prevalence of HRFmn-reactive IgE in mild asthma and maximal drop of FEV1 6-12 hours after 
allergenn challenge. The drop of FEV1 was expressed as percentage change from baseline FEV1, and 
correctedd for diurnal variation of FEV1 as found after control challenge with diluent. Difference in geometric 
mean:: p <0.001 

asthmaa group: 6 out of 10 patients with a LAR had HRFmn-reactive IgE sera, and 8 out of 
233 patients without a LAR, p>0.1. 
HRFmn-reactivee IgE and RAST 

Evenn when the non-atopic subjects were excluded from the analysis, the 
prevalencee of HRFnin-reactive IgE was significantly associated with total serum IgE (sera 
withh HRF-reactive IgE geometric mean IgE 303 IU/ml, versus sera without HRF-reactive 
IgEE geometric mean 114 IU/ml; p O.001). However, a high IgE concentration was not 
essentiall  for a serum to have HRFmn-reactive IgE: HRF-reactive IgE sera A14 and R9 had a 
loww total IgE (respectively 76 and 58 IgE IU/ml), whereas serum A29 with 2352 IU IgE/ml 
didd not contain HRF-reactive IgE. 

AA positive correlation was found between the level of HRFnln-reactive IgE and the 
RASTT to grass pollen (r=0.75, pO.001), birch pollen (r=0.46, pO.001), and cat dander 
(r=0.40,, pO.001). HRF-reactive IgE was not correlated to house dust mite RAST. 
Correlationss with the RAST to dog dander, Alternaria or Aspergillus could not be analyzed, 
becausee of the low amount of positive RASTs. 
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IgE** reactivit y to rHRF p23 
Al ll  sera were also tested for IgE+ reactivity to rHRF p23. Reference plasma #151 

didd not react to rHRF p23 in our system, whereas positive control IgÊ  #GG did. Only 
serumm of one patient (rhinitis patient Rl) sensitized basophils to react to rHRF p23. This 
serumm reacted also to HRF,™ (159 sensitizing units/ml). The patient had a high histamine 
thresholdd (>32 mg/ml). After allergen challenge this patient developed a late allergic 
reaction.. Total IgE in this serum was highest of all atopic non-asthma patients (1994 
lU/ml).. Patients with a comparable IgE level were present in the asthma group, but no 
reactivityy to rHRF p23 was found. 

Discussio n n 
Ourr results indicated that IgE-reactivity to recombinant HRF p23 l3 is less 

commonn than to HRF™,,. Only one of the 82 atopic patients showed reactivity to rHRF p23. 
Thee serum of this rhinitis patient (Rl) reacted also to HRF™,,. The fact that patient Rl was 
nott the most potent serum in respect to reactivity to HRF,™ proved that lack of finding other 
IgE++ sera was not caused by a concentration effect of rHRF p23. Additionally, rHRF p23 
couldd not be detected (<8 ng/ml) in a chemokine-depleted HRF™, preparation as measured 
byy a HRF p23 specific ELISA (data not shown). These results might indicate that HRF^ 
andd rHRF p23 are not the same factor. However, given the different methods to obtain 
thesee preparations, and the possibility that the recombinant molecule may not be post-
translationallyy modified in precisely the same way as the natural molecule, we can not 
excludee that they are identical. 

Wee confirmed that HRFmn-reactive IgE was associated with atopic sensitization. 
HRFmn-reactivee IgE was present in sera of 44% of atopic non-asthma patients and in 49% 
off  mild asthma patients, but not in sera of 15 controls. The prevalence of HRFmn-reactive IgE 
wass shown to be associated with a high total serum IgE. However, HRF^-reactive IgE sera 
withh a low total IgE and non HRF^-reactive IgE sera with high total IgE were found. Thus, a 
highh IgE concentration is not essential for IgE-reactivity to HRF^,. An association between 
HRFron-reactivee IgE and atopy has been shown previously by our group 12. In a previous 
studyy we reported that 44% of patients with allergic asthma (n=18), 11% of patients with 
nonallergicc asthma (n=19), 29% of patients with allergic rhinitis (n=17), and none of the 
controll  patients (n=19) had IgEVHRFmn-reactive IgE in their serum. We now confirmed 
thesee results by testing another patient group. 

InIn contrast, the association between a low histamine threshold and HRFnin-reactive 
IgEE in allergic asthma found in our previous study l2 could not be confirmed in the present 
study,, in which we found that IgE-reactivity to HRF^ was associated with a high histamine 
threshold.. This discrepancy might reflect a different patient selection. In the previous study 
asthmaa patients with a PC20 histamine <8 mg/ml were tested , while in the present study 
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severee asthma patients were excluded because of the bronchial allergen provocation. 
Patientss had to stop their medication for their asthma, and their FEV1 (% of predicted) had 
too be more than 70%. As a consequence severe corticosteroid-dependent asthma patients 
weree not included in our study. The differences between the results of this study and our 
previouss results might also be caused by the use of a more purified HRFinn preparation. This 
wass particularly relevant in relation to reactivity to culture medium, which was largely 
removed.. The HRF-preparation used in the present study was approximately 30 times more 
potent. . 

IgE-dependentt HRF and HRF-reactive IgE were supposed to play a role in the late 
allergicc reaction 23. The hypothesis was that HRFs produced during the early allergic 
reactionn activate IgE-containing cells in the late allergic reaction. However, our results 
indicatee that HRFmn-reactive IgE is not essential for a LAR. Surprisingly, we found a 
significantt negative correlation between IgE-reactivity to HRF™ and the late allergic 
reactionn in mild asthma. These results might indicate that HRF^-reactive IgE reflects a 
protectivee factor in asthma. However, the negative correlation can also be explained by the 
factt that severe asthma patients were excluded from the current study. If a combination of 
HRFmn-reactivee IgE and the tendency to develop a LAR is characteristic of severe asthma 
patients,, the exclusion of severe asthma patients would result in a negative association 
betweenn these two parameters. 

InIn summary, our results indicate that IgE-reactivity to HRF does not induce a late 
allergicc reaction as previously thought. However, because HRF has been found in late 
phasee fluids ' 9, HRF might exert its effect upon production during this late phase reaction. 
Whetherr the IgE-reactivity to HRF is a risk factor or protective factor in allergy is currently 
beingg investigated in an additional group of severe asthma patients. 
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laE-reactivitvlaE-reactivitv to HRF is not not a protective, but a risk factor for severe asthma 

Abstrac t t 

Background::  In a recent study (chapter 5) we showed that IgE-reactivity to histamine-
releasingg factor produced by human mononuclear cells (HRF,™,) is not required for a late 
allergicc reaction in mild asthma and rhinitis. In mild asthma even a negative association 
wass found between HRF-reactive IgE and a late reaction. 

Objective::  To investigate in patients with severe asthma whether HRFnw-reactive IgE is a 
protectivee factor in asthma. 
Methods::  The presence of HRF-reactive IgE in serum was determined by stimulating 
strippedd human basophils sensitized by patient serum with partially purified HRFrtln, and 
measuringg the release of histamine. 

Results::  The prevalence of HRF-reactive IgE was high in severe asthma: 81% of the sera 
(n=27)) contained mis activity. A similarly high prevalence was found in patients with 
atopicc dermatitis: 77% of the sera had IgE-reactivity to HRF,™ (n=13). The levels of 

HRFmn-reactivee IgE were as high as in patients with milder atopic diseases. 
Conclusion::  Our results are incompatible with the hypothesis that IgE-reactivity to HRF is 
protectivee in allergy, but indicate that HRF-reactive IgE is rather an aggravating risk factor 
forr severe asthma and chronic allergic disease. 

Introductio n n 
IgE-dependentt histamine-releasing factors (HRF) only release histamine from 

basophilss if a special IgE is present on the surface of basophils, which is called IgE+. IgE-
dependentt HRFs are produced by different cell types, such as macrophages ', mononuclear 
cellss 2, and platelets 3. Previous results suggested that IgE-reactivity to HRF produced by 
mononuclearr cells (HRF,™,) has clinical relevance: 42% and 49% respectively of atopic 
non-asthmaticss and mild asthmatics had IgE-reactivity to partially purified HRFmn (chapter 
5).. These results confirmed another patient study performed by our group, in which HRF-
reactivee IgE was found in sera of 44% of allergic asthma, 11% of non-allergic asthma, and 
29%% of rhinitis patients 4. In both studies no IgE-reactivity to HRFnm was found in the 
nonatopicc control group. 

MacDonaldd et al.5 cloned an IgE-dependent HRF, p23. This factor probably binds 
itss own receptor on the basophils6"8, but somehow needs IgE+ on the surface of basophils to 
releasee histamine. The mechanism is as yet not clear. We showed in a recent study that 
HRFmnn might not be the same factor as HRF-p23 (chapter 5). 

HRF-reactivee IgE have been suggested to be play an important role in the 
inductionn of the late allergic reaction (LAR), since IgE-dependent HRF is present in late-
phasee skin blister fluids 9, and nasal lavages 10. HRF might stimulate basophils, which have 
beenn shown to be activated during this late reaction 1M3. Possibly HRF triggers also other 
cellss present in the late phase reaction 14~17. HRF might exert its effect in LAR by binding 
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IgE-receptorss expressed on for instance eosinophils 18'19 and monocytes 20'21. However, we 
recentlyy showed that IgE-reactivity to HRF ,̂ is not essential for a late allergic reaction. 
HRFmn-reactivee IgE in mild asthma was even associated with the absence of a late allergic 
reactionn (chapter 5). Moreover, it was shown that the histamine threshold was higher in the 
groupp with HRF-reactive IgE than in the group without. These findings might indicate that 
thee IgE-reactivity to HRF,™ is a protective factor in asthma. 

Too investigate whether HRFmn-reactive IgE is a protective factor in asthma, an 
additionall  group of severe asthma patients was studied. If this hypothesis is true, the 
prevalencee of HRFmn-reactive IgE was expected to be lower in these patients than in 
allergicc subject without asthma and with mild asthma previously investigated by our group 
(chapterr 5). To determine the prevalence of HRFmn-reactive IgE in another chronic allergic 
disease,, a group of atopic dermatitis (AD) patients was tested. 

Materia ll  and Method s 
Thiss study was approved by the local ethical committee and written informed consent was 

obtainedd from all patients. 

Humann subject s 
SevereSevere asthma patients 

Twoo groups of severe asthma patients participated in this study. All individuals had severe 
asthmaa according to the Gina guidelines (score 3-4). All patients were RAST positive to at 
leastt one inhalant allergen. Of the severe asthma group 48% was RAST positive to grass 
pollenn (score >2+; >0.6 IU/ml). Patient characteristics are shown in table 1. 
Elevenn patients with allergic asthma (7 female; mean age 35.2 year ranging from 24 to 51) 
weree selected from the Department of Pulmonology of the Academic Medical Center of 
Amsterdamm (table 1, group SA). The provocative concentration of histamine eliciting a 
20%% decrease of FEV1 (PC20 histamine) was not determined when the forced expiratory 
volumee in one second (FEV1) was <70% of predicted, and/or there was spirometer-induced 
asthma. . 
Seraa of 16 patients (14 female; mean age 29.5 year ranging from 19 to 50) obtained from 
Departmentt of Pulmonology of the Leids University Medical Center (table 1, group SL) 
weree described elsewhere 22. The FEV1 was normal (>70% predicted) at baseline or after 
inhalationn of salbutamol. Al l patients were hyperresponsive (PC20 histamine< 8 mg/ml), 
andd had two or more exacerbations during the preceding year requiring corticosteriods for 
att least seven days, despite high-dose inhaled corticosteroid maintenance therapy. The lung 
functionn parameters as shown in table 1 were measured without inhalation of sulbutamol on 
thee day of serum donation. 
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Tablee 1 : Characteristics of severe asthma patients. 

PtNo o 

SA1 1 
SA2 2 
SA3 3 
SA4 4 
SA5 5 
SA6 6 
SA7 7 
SA8 8 
SA9 9 
SA10 0 
SA11 1 

SL1 1 
SL2 2 
SL3 3 
SL4 4 
SL5 5 
SL6 6 
SL7 7 
SL8 8 
SL9 9 
SL10 0 
SL11 1 
SL12 2 
SL13 3 
SL14 4 
SL15 5 
SL16 6 

Age e 

24 4 
42 2 
24 4 
29 9 
27 7 
44 4 
39 9 
50 0 
51 1 
30 0 
27 7 

23 3 
32 2 
26 6 
23 3 
20 0 
46 6 
41 1 
42 2 
26 6 
28 8 
24 4 
31 1 
19 9 
50 0 
22 2 
19 9 

sex x 

F F 
F F 
F F 
M M 
F F 
M M 
M M 
F F 
M M 
F F 
F F 

F F 
F F 
F F 
F F 
F F 
M M 
F F 
F F 
F F 
M M 
F F 
F F 
F F 
F F 
F F 
F F 

GINA A 
steps s 

3 3 
3 3 
3 3 
4 4 
3 3 
3 3 
3 3 
3 3 
3 3 
4 4 
3 3 

4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 
4 4 

FEV1 1 
(%% pred) 

76 6 
67 7 
93 3 
72 2 

105 5 
63 3 
76 6 
78 8 
63 3 
87 7 
74 4 

90 0 
75 5 
94 4 

114 4 
69 9 
55 5 
89 9 
48 8 
78 8 
65 5 
73 3 
81 1 
68 8 

104 4 
44 4 
95 5 

PC20 0 
mg/ml l 

0.6 6 
nd d 

0.5 5 
0.2 2 
nd d 
nd d 
nd d 
nd d 
nd d 
nd d 
3 3 

0.2 2 
0.1 1 
0.2 2 
0.2 2 
0.3 3 
0.2 2 
1.0 0 
1.3 3 
6.7 7 
0.2 2 

0.04 4 
3.0 0 
3.2 2 
0.4 4 

0.02 2 
0.4 4 

IgECM M 
units/ml l 

11 1 
13 3 
5 5 

<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 

5 5 
13 3 
7 7 
6 6 

<3 3 
7 7 

<3 3 
<3 3 

7 7 
5 5 
8 8 

<3 3 
<3 3 
<3 3 
<3 3 
<3 3 

IgEE HRF 
units/ml l 

260 0 
199 9 
144 4 
115 5 
40 0 
17 7 
14 4 

7 7 
<3 3 
<3 3 
<3 3 

184 4 
170 0 
149 9 
109 9 
91 1 
81 1 
61 1 
60 0 
54 4 
47 7 
29 9 
28 8 
24 4 

9 9 
<3 3 
<3 3 

igE E 
IU/ml l 

3900 0 
590 0 
439 9 
916 6 
154 4 
208 8 
293 3 

1800 0 
875 5 
847 7 

58 8 

64700 0 
1095 5 
965 5 
483 3 
709 9 
432 2 
278 8 
242 2 
236 6 

1640 0 
120 0 
508 8 
838 8 

19 9 
545 5 

46 6 

m m 

1 1 
4 4 
0 0 
5 5 
4 4 
2 2 
4 4 
4 4 
4 4 
4 4 
3 3 

4 4 
0 0 
4 4 
2 2 
4 4 
4 4 
0 0 
4 4 
2 2 
4 4 
4 4 
2 2 
4 4 
0 0 
4 4 
4 4 

g g 

1 1 
3 3 
0 0 
5 5 
2 2 
2 2 
0 0 
1 1 
0 0 
2 2 
2 2 

4 4 
4 4 
4 4 
4 4 
0 0 
2 2 
0 0 
0 0 
3 3 
0 0 
0 0 
0 0 
4 4 
0 0 
0 0 
0 0 

c c 

5 5 
4 4 
4 4 
2 2 
3 3 
2 2 
3 3 
0 0 
0 0 
0 0 
0 0 

4 4 
4 4 
4 4 
4 4 
0 0 
4 4 
0 0 
4 4 
4 4 
0 0 
0 0 
3 3 
2 2 
3 3 
0 0 
2 2 

RAST T 

d d 

4 4 
3 3 
4 4 
3 3 
2 2 
1 1 
2 2 
0 0 
0 0 
0 0 
0 0 

4 4 
0 0 
4 4 
4 4 
2 2 
2 2 
0 0 
2 2 
2 2 
0 0 
0 0 
2 2 
2 2 
1 1 
0 0 
0 0 

b b 

0 0 
0 0 
0 0 
2 2 
4 4 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

4 4 
0 0 
0 0 
0 0 
4 4 
4 4 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

AU U 

0 0 
0 0 
0 0 
4 4 
0 0 
0 0 
0 0 
2 2 
0 0 
0 0 
0 0 

3 3 
0 0 
2 2 
3 3 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
3 3 
0 0 
0 0 
0 0 

Asp p 

0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
4 4 
0 0 
0 0 
0 0 

3 3 
0 0 
2 2 
0 0 
0 0 
2 2 
0 0 
0 0 
0 0 
0 0 
0 0 
1 1 
0 0 
0 0 
0 0 
0 0 

Abbreviations:: M=male; F=female; CM= culture medium; m=house dust mite (D. peronyssinus); g=grass 
pollen;; c=cat dander; d= dog dander; bi=bird; Alt=Altemaria; Asp=Aspergillus; nd=not determined 

Tablee 2: Characteristics of atopic dermatitis patients. 

Ptt No Age sex Score AD RAST T 
iits/m m 

<3 3 
6 6 
5 5 

<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 
<3 3 

II units/ml 

44 4 
39 9 
39 9 
38 8 
37 7 
32 2 
21 1 
14 4 

9 9 
9 9 

<3 3 
<3 3 
<3 3 

IU/ml l 

31082 2 
62328 8 

4190 0 
4668 8 
6951 1 
7239 9 
1746 6 
9070 0 
2574 4 
1569 9 
1251 1 

4 4 
1506 6 

m m 

5 5 
5 5 
4 4 
5 5 
4 4 
5 5 
5 5 
5 5 
5 5 
5 5 

5 5 
0 0 
0 0 

g g 

5 5 
5 5 
4 4 
5 5 
5 5 
5 5 
4 4 
4 4 
0 0 
4 4 
0 0 
0 0 
0 0 

C C 

3 3 
5 5 
0 0 
2 2 
5 5 
2 2 
3 3 
4 4 
4 4 
2 2 

3 3 
0 0 
0 0 

d d 

4 4 
4 4 
0 0 
4 4 
4 4 
3 3 
3 3 
4 4 
4 4 
2 2 
0 0 
0 0 
0 0 

b b 

4 4 
5 5 
0 0 
4 4 

2 2 
3 3 
4 4 
4 4 
3 3 
0 0 

0 0 
0 0 
4 4 

Alt t 

0 0 
0 0 
2 2 
2 2 
2 2 
0 0 
0 0 
2 2 
4 4 
0 0 
0 0 
0 0 
2 2 

Asp p 

0 0 
2 2 
2 2 
2 2 
2 2 
0 0 
0 0 
2 2 
4 4 
2 2 
0 0 
0 0 
2 2 

D1 1 
D2 2 
D3 3 
D4 4 
D5 5 
D6 6 
D7 7 
D8 8 
D9 9 
D10 0 
D11 1 

D12 2 
D13 3 

32 2 
24 4 
29 9 
31 1 
28 8 
29 9 
57 7 
30 0 

22 2 
25 5 
43 3 
30 0 
27 7 

F F 
F F 
F F 
F F 
F F 
M M 
F F 
M M 

F F 
F F 

M M 
F F 
F F 

severe e 
severe e 
light t 

severe e 
light t 
severe e 
severe e 
severe e 
severe e 
light t 

light t 
light t 
severe e 

Abbreviations:: M=male; F=female; AD=atopic dermatitis; AR=allergic rhinitis; AA=allergic asthma; CM= 
culturee medium; m=house dust mite (D. pteronyssinus); g=grass pollen; c=cat dander; d= dog dander; b= 
birchh pollen; Alt=Alternaria; Asp= Aspergillus 
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AtopicAtopic dermatitis 

Thirteenn atopic dermatitis patients (10 female; mean age 31.0 year ranging from 22 to 57) 
weree selected from the Department of Dermatology of the University Medical Center of 
Utrechtt (table 2, group D). The patients suffered from light to severe atopic dermatitis, and 
treatedd with topical steriods. They were RAST positive to at least one inhalant allergen, 
exceptt for patient D12. In the AD group 69% was RAST positive to grass pollen (score 
>2+;; >0.6 IU/ml). The patients were asked if they had allergic rhinitis and/or asthma. 
Referencee patient groups 
AllergicAllergic mild asthma patients 

Forty-ninee mild asthma patients were described previously (chapter 5). All individuals had 
mildd to moderate asthma diagnosed according to the Gina guidelines (score 1-3), and were 
positivee to D. pteronyssinus determined by RAST and skin prick test. In this group 47% 
wass positive in the RAST to grass pollen (score >2+; >0.6 IU/ml). Sera from 24 out of 49 
patientss contained HRFmn-reactive IgE. The mean histamine threshold was significantly 
higherr in the group with IgE-reactivity to HRF,™ than without this (geometric mean PC20 
histaminee 3.3 mg/ml versus 0.8 mg/ml). Of the mild asthmatics developing a LAR after 
bronchiall  allergen provocation 23 (Lopuhaa et a l, manuscript in preparation) 10/33 had 
HRFmn-reactivee IgE in their serum, whereas of the patients without a LAR 14 out of 16 had. 
AtopicAtopic non-asthmatic patients 

Twenty-sixx subjects with rhinitis were previously investigated (chapter 5). The patients had 
aa history of rhinorroe, nasal blockade, sneezing, and pruritus, but no history of current or 
pastt episodes of dyspnoe and wheezing. Moreover seven asymptomatic atopics were 
analyzed.. All subjects were RAST and skin prick test positive to D. pteronyssinus. From 
thee patients 35% was RAST positive to grass pollen (score >2+; >0.6 IU/ml). The allergic 
rhinitiss patients and the asymptomatic atopics were called atopic non-asthma group. IgE-
reactivityy to HRFmn was found in 14/33 patients. No significant difference was found 
betweenn HRFmn-reactive IgE and a LAR. 
ControlControl group 

Fifteenn subjects without a history of allergy and airways disease used as controls were 
describedd previously (chapter 5). They were skin prick test and RAST negative to the 
commonn inhalant allergens (D. pteronyssinus, grass pollen, birch pollen, cat dander, dog 
dander;; Alternaria, and Aspergillus). They had no bronchial hyperreactivity (PC20 
histamine>> 8 mg/ml), and FEV1 was within the normal range (>70% of predicted). None of 
thee 15 sera contained HRFnin-reactive IgE. 
Referencee plasma 
HRF-reactivee plasma #151 was defibrinated by recalcification and dialyzed. This plasma 

(totall  IgE: 1600 IU/ml) was positive for IgE to common inhalant allergens (D. 

pteronyssinus,pteronyssinus, grass pollen, and cat dander) and was allotted with 100 sensitizing units per 

ml. . 
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RASTT and tota l IgE assay 
Seraa from all subjects were tested in RAST to common inhalant allergens D. pteronyssinus, 
grasss pollen, birch pollen, cat dander, dog dander; Alternaria, and Aspergillus, and the 
concentrationn of total IgE was measured as described previously 2\ 
Material s s 
Buffyy coats were derived from 1000 ml blood (Haemonetics Plasma Collection System, 
Haemoneticss Corporation, Braintree, MA, USA) from donors from the Department of 
Plasmapheresiss of the CLB. Streptokinase-streptodornase (SK/SD) (Lederle Laboratories, 
Pearll  River, NY, USA); Percoll (Pharmacia Fine Chemicals, Uppsala, Sweden); recombinant 
IL-33 (Pepro Tech Inc., Rocky Hill , NJ, USA); heparin Sepharose CL-6B and Sephadex G75 
(Pharmaciaa Biotech, Uppsala, Sweden). Amicon YM3 (3000 MW) membranes (Amicon, Inc., 
Beverly,, MA, USA) were used to concentrate HRF-preparations. Protein concentrations were 
determinedd using BCA protein assay (Pierce, Illinios, USA). 
Productionn of IgE-dependent HRFmn 

IgE-dependentt HRFs were prepared as described elsewhere (chapter 5). In short, peripheral 
bloodd mononuclear cells obtained by leucapheresis were isolated by Percoll centrifugation 
andd elutriation, and stimulated for 18 hours with streptokinase/streptodornase (SK/SD). 
IgE-independentt HRFs were removed from the culture supernatant by Heparin-Sepharose. 
Elevenn HRF-preparations from different donors selected out of 29 preparations on basis of 
highh reactivity were pooled. The pooled preparations were four times concentrated, and 
partiallyy purified by size-exclusion chromatography (Sephadex G75). The presence of IgE-
dependentt HRF in the fractions was determined by sensitizing stripped basophils by HRF-
reactivee serum #151. Five fractions containing histamine-releasing activity were pooled, 
andd ten times concentrated. A culture medium preparation containing SK/SD was prepared 
thee same way for control experiments. The protein concentration of the preparations was 
9.44 mg/ml. 

Histamin ee releas e bioassa y 
Thee histamine release assay was performed as described previously 25'26. In short, basophils 
weree enriched (2%-5% purity) by Percoll centrifugation. After removal of IgE from surface 
off  basophils by a acidic buffer, the cells were sensitized by human serum for 90 minutes at 
37°C.. Before incubation with stimuli, the cells were allowed to recover in buffer containing 
11 mM CaCl2 for 30 minutes at 37°C. Stimulations (37°C, 60 min) were performed in ImM 
CaCl22 using 2.5xl06 cells in a total volume of 350 ul. The release of histamine was 
determinedd by fluorometric analysis as described by Siraganian 27. Histamine release was 
calculatedd as percentage of the total amount of histamine, determined by lysis of the cells 
byy perchloric acid. The results were not corrected for spontaneous release. 
Levell  of HRF-reactive IgE in patient serum 
Thee level of HRF-reactive IgE was determined as described before (chapter 5). HRF-
activityy was tested in four different concentrations (3-fold dilutions, final protein 
concentration:: 19.9-537 ug/ml). The reactivity to HRF™ of patient sera was calculated 

89 9 



ChapterChapter 6 

usingg reference plasma #151, which contained 100 sensitizing units per ml. IgE-
independentt histamine release to the HRF-preparation, determined by sensitizing basophils 
withh a serum with low IgE (< 1 IU IgE/ml), was below 5%. The results were not corrected 
forr this background. HRF-reactive IgE sera were also tested for IgE-reactivity to the 
correspondingg culture medium control in the presence of 600 nM rIL3. Using the HRF-
responsee curve of plasma #151 (without IgE-reactivity to culture medium), the sensitizing 
unitss to culture medium present in serum were calculated. The sensitizing units to the total 
HRFF preparation were corrected for that to culture medium. A serum containing more than 
33 sensitizing units/ml was defined as HRF^-reactive, which corresponds to more than 15% 
histaminee release to the highest concentration of HRF .̂ 
Statistics s 
Correlationss were analyzed using the Spearman test. 

Result s s 

HRFmn-reactiv ee IgE 
Elevenn sera from the severe asthmatics contained (a low) IgE-reactivity to the 

culturee medium control (table 1). After correction these sera still had IgE-reactivity to 
HRF,™.. In the severe asthma group 22 out of 27 sera contained HRFmn-reactive IgE (81%, 
95%% confidence interval (CI) 61%-93%). 

Inn the atopic dermatitis group 10/13 patients had HRF-reactive IgE in their serum 
(77%,, 95% CI 46%-94%). Two of the AD sera also contained (a low) IgE-reactivity to the 
culturee medium control for which the activity to HRF was corrected (table 2). The 
prevalencee of HRFmn-reactive IgE in the severe asthma and the AD group, as well as in the 
non-atopicc control (n=15), the atopic non-asthma (n=33) and the allergic mild asthma 
(n=49)) groups previously described (chapter 5), is depicted in figure 1. 

Thee levels of HRFmn-reactive IgE in serum are illustrated in figure 2 per group. 
Thee 75-centile in the severe asthma group was 145 sensitizing units/ml, while in the AD 
groupp this was 39. The levels in HRF-reactive sera of atopic non-asthmatics (n=33) and 
mildd asthmatics (n=49) previously described (chapter 5), are also depicted in figure 2. 
Mildd and severe asthma 

Thee severe asthmatics were compared to a subgroup of the patients with mild 
asthma;; the subgroup consisted of patients with a low histamine threshold (PC20 
histamine<< 3 mg/ml). The prevalence of HRFmn-reactive IgE in serum of mild asthma 
patientss with a low PC20 (36%, 95% CI 21-55%) was lower than expected on basis of the 
prevalencee in severe asthma patients (81%, 95% CI 61-93%). A low prevalence of HRF-
reactivee IgE was also found in the subgroup of patients with mild asthma with a LAR 
(prevalence:: 30%, 95% CI 16-49%). 
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Figur ee 1 : Prevalence of HRF™-reactive IgE in different patient groups. Stripped basophils were sensitized 
byy serum of patients with allergic severe asthma (n=27) and atopic dermatitis (n=13), and stimulated by 
IgE-dependentt HRFmn. The prevalence of HRF-reactive IgE in non-atopic controls (n=15), atopic non-
asthmaa patients (n=33), and allergic mild asthma patients (n=49) previously investigated are also depicted 
(chapterr 5). SE: standard error, NA: non-atopies, ANA: atopic non-asthmatics, AMA: atopic mild 
asthmatics,, ASA: atopic severe asthmatics, AD: atopic dermatitis. 
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Figur ee 2: Levels of HRFmn-reactive IgE in serum of allergic patients responsive to HRFmn. Sensitizing units 
perr ml in serum of patients with allergic severe asthma (n=22) and atopic dermatitis (n=10) were calculated 
usingg plasma #151 as reference. The concentration in serum of patients with atopic non-asthma (n=14), 
andd mild asthma (n=24) are also shown (chapter 5). Only the patients with IgE-reactivity to HRFmn in their 
serumm are depicted. ANA: atopic non-asthmatics, AMA: atopic mild asthmatics, ASA: atopic severe 
asthmatics,, AD: atopic dermatitis 
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Correlation ss HRFmn-reactiv e IgE and RAST 
Thee levels of HRFmn-reactive IgE in the patient sera were correlated with the 

concentrationn total IgE (severe asthma: r=0.42, p<0.05; AD: r=0.84, p<0.0005). A 
significantt correlation was also found between the levels of HRFmn-reactive IgE and the 
RASTT scores of grass pollen (severe asthma: r=0.43, p<0.05; AD: r=0.85, p<0.0005), and 
dogg dander (severe asthma: r=0.72, p<0.0005; AD: r=0.59, p<0.05). Moreover, in the group 
off  patients with severe asthma the levels of HRF-reactive IgE were correlated with cat 
danderr (r=0.70, p<0.0005). In AD no correlation was found with cat dander. The other 
RASTT results (D. pteronyssinus, cat dander, birch pollen, Alternaria, and Aspergillus) were 
nott correlated 

Discussio n n 

Whichh factor(s) is responsible for the HRF-activity in our preparation is not 
known.. MacDonald et al. cloned an IgE-dependent HRF, p23 5. In our previous study 
(chapterr 5) we showed that the reactivity to our IgE-dependent HRFmn was not identical to 
thatt to recombinant HRF (rHRF) p23. From the 82 atopic patients with or without mild 
asthma,, only one rhinitis patient reacted to rHRF p23. In contrast 46% of the patients 
containedd HRFmn-reactive IgE. We also analyzed the presence of IgE-reactivity to rHRF 
p233 in some of the sera investigated in the present study (data not shown). The difference 
off  the two HRFs was again obvious: sera from 2/13 patients with AD and 0/11 with severe 
asthmaa contained IgE-reactivity to rHRF p23, whereas sera from 10/13 AD patients and 
8/111 severe asthmatics contained IgE-reactivity to HRFmn. 

HRFmn-reactivee IgE might be important in AD. AD is a chronic inflammatory skin 
disorderr associated with elevated serum IgE levels, and specific IgE against various food 
andd environmental allergens. Since patients have disease exacerbations without obvious 
contactt with exogenous allergens 28, IgE against human proteins might play a role. 
Sampsonn et al. 29 showed that mononuclear cells from children with AD and food 
hypersensitivityy produced IgE-dependent HRFnin, which declined with allergen avoidance 
andd clinical remission of the skin disorder. Moreover, serum of these AD patients rendered 
basophilss capable of secreting histamine in response to HRFmn, whereas serum from control 
subjectss did not. By immunoblot techniques Valenta et al. 30 detected auto-reactive IgE in 
serumm of patients with atopic dermatitis (AD) whereas this was not found in control sera. 
IgEE autoantigens were detected in different human cell types, such as endothelial cells, 
platelets,, fibroblasts, and epithelial cells. A strong IgE-binding was associated with severe 
formss of atopic eczema 31. In the current study we demonstrated that sera from 77% of 
atopicc dermatitis (AD) patients (n=13) contained HRFmn-reactive IgE. However, to 
determinee the relevance of IgE-reactivity to HRFmn in AD, a larger group of patients should 
bee tested. 
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HRF-reactivee IgE has been suggested to be important in the late reaction, because 
bothh basophils and IgE-dependent HRFs are present in the late-phase allergic reaction 9 ,n. 
However,, in a recent study (chapter 5) we showed that IgE-reactivity to HRF produced by 
mononuclearr cells is not essential for a late allergic reaction. We unexpectedly found even a 
negativee association between HRF^-reactive IgE and a late reaction in mild asthma. These 
resultss were very surprising, because the putative role of IgE-dependent HRF was the 
opposite,, whereas these results could indicate that reactivity to IgE-dependent HRFnln is a 
protectiveprotective factor in asthma. We investigated a group of severe asthma patients. In contrast 
too the prediction of our 'protection' hypothesis, the prevalence of HRF,™,-reactive IgE was 
highh in severe asthma: it was found in serum of 81% of the patients. Moreover, the levels of 
HRF-reactivee IgE in serum from severe asthma patients were similar to the levels in atopic 
non-asthmaticss and mild asthmatics. Furthermore, a high prevalence of IgE to HRF™ was 
alsoo found in another chronic allergic disease, atopic dermatitis. These results are not 
compatiblee with the fact that HRFmn-reactive IgE is a protective factor in allergy, but it is 
ratherr an aggravating risk factor in asthma. 

Ourr group investigated the clinical relevance of HRF)nn-reactive IgE in three 
differentt patient studies. The results of our second study were very striking, because 
HRFmn-reactivee IgE was associated with a high histamine threshold in mild asthma (chapter 
5).. This was in contrast to the first study in which an association of HRFmn-reactive IgE 
withh a low histamine threshold in allergic asthma was found 4. This discrepancy might be 
causedd by the exclusion criteria used for the selection of patients in our second patient 
study.. Since this study involved a bronchial provocation test, severe asthma patients were 
excludedd 23 (Lopuhaa et al., manuscript in preparation). One of the criteria was that the 
patientss had to stop their medication for allergy and asthma. Moreover their FEV1 must be 
withinn the normal range (> 70% of predicted). The effect of exclusion of severe asthma 
patientss from this study is illustrated by the marked difference of the prevalence of HRFmn-
reactivee IgE in the mild asthma patients with a low PC20 histamine (36%) and in the severe 
asthmaa patients (81%). In mild asthma patients with a LAR the prevalence of HRF-reactive 
IgEE was also low (30%). Thus it seems that patients with HRFmn-reactive IgE and a LAR 
and/orr a low PC20 histamine are excluded from the provocation study. This might also 
explainn the negative association found between HRFmn-reactive IgE and a LAR/low PC20 
histaminee in the mild asthma group (chapter 5). 

InIn sum, our results do not support the notion that HRF-reactive IgE is a protective 
factorr in allergy. IgE-reactivity to HRF™ might be a risk factor in asthma. Possibly HRF,™, 
iss produced during the late or chronic allergic reaction, and the subsequent IgE-mediated 
reactionn increases the severity of the allergic reaction. 
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AnAn laE-dependent HRF is cross-reactive with a grass pollen allergen 

Abstrac t t 

Backgroundd and Objective: Histamine-releasing factor produced by mononuclear cells 
(HRF,™)) might be an aggravating risk factor in allergy. If during a late or chronic allergic 
reaction,, HRF™ is released and HRF-reactive IgE is present, this may result in more severe 
symptoms.. We tested the hypothesis that HRPnin is an autoallergen. 

Methods::  The histamine-releasing capacity of HRF was determined by stimulating stripped 
humann basophils sensitized by human serum. We investigated IgE binding using RAST and 
aa radio-immunoprecipitation assay. 

Results::  We found that the chemokine-depleted HRF™ preparation contains at least two 
activee factors: (i) an "autoallergen-like factor" of 50-60 kD that only releases histamine in 
ann IgE-dependent manner if a particular serum is present and (ii) a priming factor of 60-65 
kD.. IgE-binding to the "autoallergen" could not be detected. Possibly the concentration is 
tooo low for detection in IgE-binding assays. Removal of IgE to grass pollen (>20 kD) from 
HRF-reactivee serum decreased the reactivity to HRFnin in 4/5 sera. 
Conclusion::  The cross-reactivity between HRF„m and a grass pollen allergen suggests that 

HRF™™ is an autoallergen. HRF-reactive IgE might be induced by sensitization to grass 
pollen. . 

Introductio n n 

Activityy of IgE-dependent histamine-releasing factor (HRF) is dependent on the 
IgEE molecules bound to the surface of basophils. Sera capable of passively sensitizing 
basophilss to release histamine to HRF were designated IgE+ sera '. HRF has been found in 
vitroo in culture supernatants of different cell types, such as human alveolar macrophages 2 

,, and lymphocytes 4. In vivo HRF has been described in fluids of late-phase nasal washings 
',, skin blisters 5, and broncho-alveolar lavages 6. The mode of activity of IgE-dependent 
HRFF is not clear yet. HRF might be an autoallergen, in which case IgE+ is autoreactive IgE 
antibody.. Alternatively, HRF might exert a priming effect on basophil histamine release. 
Thee HRF-reactive part of IgE+ might be present in the constant regions of the IgE molecule. 
However,, structural differences between IgE+ and IgE not responsive to HRF, such as a 
differentt glycosylation7 or formation of polymers 8, have not been found as yet. 

MacDonaldd et al. 9 cloned and characterized an IgE dependent HRF, p23. This 
factorr does not bind IgE+ directly ,0, but probably has its own receptor on basophils. This 
wass concluded from the observation that a rat basophilic leukemia cell line expressing 
functionall  human FceRl did not release histamine in response to recombinant HRF (rHRF) 
p233 after sensitization with IgE+ " . We recently obtained data that indicated that the IgE 
reactivityy to IgE-dependent HRF produced by human mononuclear cells (HRF™) is not 
identicall  to that to rHRF p23 (chapter 5). 
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Inn sera from non-atopic non-asthmatic subjects a low prevalence of IgE reactivity 
too HRF™ was found (<5%) l2 (chapter 5). In contrast, 44% of sera from allergic asthma, 
11%% from non-allergic asthma, and 29% from rhinitis patients contained HRFmn-reactive 
IgE.. These results were confirmed in a second patient study: 42% and 49% of respectively 
atopicc non-asthmatics and mild asthmatics had IgE-reactivity to partially purified HRFnui 

(chapterr 5). The prevalence was very high in severe asthma (81% of patients) (chapter 6). 
Alsoo in atopic dermatitis HRFmn-reactive IgE was shown to be very common; it was found 
inn 77% of tested sera (chapter 6). 

HRF-reactivee IgE was suggested to play an important role in the late reaction by 
triggeringg basophils, because both basophils ,3, l4 and IgE-dependent HRFs ''5 are present in 
thee late-phase allergic reaction. However, the presence of HRFmn-reactive IgE is not 
essentiall  for a late allergic reaction. It was recently found that more than 60% of atopic 
patientss with a late allergic reaction after bronchial provocation with Dermatophagoides 

pteronyssinus,pteronyssinus, did not have HRF-reactive IgE in their serum (chapter 5), Thus, IgE 
reactivityy to HRFnin might not be the cause of a late allergic reaction. HRFn]n might be 
releasedd during the late or chronic reaction and if HRFinn-reactive IgE is present, it may 
causee an aggravation of atopic symptoms. 

Itt is not clear whether HRF-reactive IgE is induced by exogenous (IgE+ is then 
cross-reactivee IgE) or by endogenous allergens. The presence of HRFmn-reactive IgE was 
describedd to be associated with IgE to grass pollen, birch pollen, and cat dander (chapter 5). 
Thee association with grass pollen was most striking: from the atopic subjects 33/38 HRF-
reactivee sera were RAST positive to grass pollen (>0.4 IU IgE/ml), whereas only 11/44 
fromm the non-HRF reactive sera were. Also in a previous study by our group an association 
withh IgE to grass pollen was found in the atopic population 12. IgE cross-reactivity between 
humann proteins and allergens has been described. It was shown that IgE antibodies to 
profili nn from birch pollen were cross-reactive with profilin from human platelets ' . 
Cramerii  et al. 16~18 showed that IgE antibodies to manganese-dependent superoxide 
dismutase,, ribosomal P-2 protein and cyclophilin B from Aspergillus fumigatus were cross-
reactivee with their human homologues. 

Inn the present study we investigated some physicochemical and immunological 
featuress of HRF^,: (i) we found a confounding factor in the HRF source material: not only 
heparin-absorbablee chemokines but also an IL3-like priming factor is present; (ii) the 
molecularr weight of HRF™ was analyzed by size-exclusion chromatography; (iii ) the 
chargee was determined by ion exchange chromatography; (iv) we attempted to demonstrate 
IgEE binding to HRFmn using RAST and an IgE-binding assay; and (v) cross-reactivity of 
HRFmnn with components in grass pollen extract was studied. 

Material ss  and Method s 

Material s s 
Percolll  (Pharmacia Fine Chemicals, Uppsala, Sweden); HEPES (Sigma Chemicals Co, St. 
Louis,, Mo, USA); human serum albumin (CLB, Amsterdam, the Netherlands); AcA54 
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(Ultragell  Biosepra, France); Sephadex G75, heparin Sepharose CL-6B, CNBr-activated 
Sepharose,, Protein A-Sepharose CL-4B and DEAE Sephacel Media (Pharmacia Biotech, 
Uppsala,, Sweden); RPMI (Gibco/BRL, Paisley, UK); heat-inactivated fetal calf serum 
(FCS)) (Bodinco, Alkmaar, the Netherlands); streptokinase-streptodornase (SK/SD) 
(Lederlee Laboratories, Pearl River, NY, USA); streptavidine-HRP (Amersham Pharmacia, 
Uppsala,, Sweden). Amicon YM3 (3000 MW) membranes (Amicon, Inc., Beverly, MA, 
USA)) were used to concentrate HRF-preparations. Dermatophagoides pteronyssinus and 
DactylisDactylis glomerata extract used in the histamine release assay were obtained from ALK 
(Copenhagen,, Denmark). D. pteronyssinus mites used in RASTs were obtained from 
Commonwealthh Serum Laboratories (CSL), Melbourne, Australia. The mites (1.5 gram) 
weree extracted in PBS (2% w/v) with 0.1% (v/v) Tween-20 and 0.1% (v/v) sodium azide 
forr 4 hours, and the extract was filtered (black ribbon filter, Schleicher and Schuil, Dasel, 
Germany).. This extract contained 1.5 mg/ml protein, 62.5 ug/ml Der p 1, and 16.5 ug/ml 
Derr p 2. Dactylis glomerata extract used for absorption studies was prepared as described 
previouslyy l9. Albumin bovine fraction V (Boehringer Mannheim, Heidelberg, Germany) 
wass used to isolate anti-Bovine Serum Albumin (BSA) antibodies from TNP/BSA-
antiserumm (code 67840, CLB, Amsterdam, the Netherlands). Protein concentrations of 
sampless were determined using BCA protein assay (Pierce, Illinois, USA). Samples were 
separatedd on ExcelGel SDS, gradient 8-18 and silver stained according to instructions of 
Pharmaciaa Biotech (Uppsala, Sweden). In the radio-immunoprecipitation assay (RIPA), 
anti-IgEE clone MH25-1 was used (CLB, Amsterdam, The Netherlands). 
Studyy subjects 
Plasmaa was obtained, after informed consent, from volunteers from the Department of 
Plasmapheresiss of the CLB. Plasma was defibrinated by recalcification and dialyzed. HRF-
reactivee plasma samples #151 (total IgE: 1600 IU/ml), #13 (total IgE: 950 IU/ml), #193 
(totall  IgE: 370 IU/ml), and HRF non-reactive plasma #148 (total IgE: 4900 IU/ml) were 
RASTT positive for at least two common inhalant allergens (house dust mite, grass pollen, 
birchh pollen, cat dander, dog dander, Alternaria, and Aspergillus). Plasma #169 (total IgE: 
1000 IU/ml; IgE to Der p 2: 1.2 IU/ml) was used as positive control in the RIPA. A mixture 
off  plasma #3 and #186 (1:1 mixed with PBS/0.3% BSA/0.2% Tween-20/0.01 M EDTA) 
containingg Der p 2 IgE, were used as control in RAST experiments. Plasma #200 (total IgE: 
17533 IU/ml) was used in the profilin RAST. Plasma #171 (total IgE: <2.3 IU/ml) was 
obtainedd from a non-atopic subject. Patient sera were obtained from allergic non-asthma 
andd mild asthma patients described before (chapter 5). Buffy coats were derived from 
10000 ml blood (Haemonetics Plasma Collection System, Haemonetics Corporation, 
Braintree,, MA, USA) from selected donors (chapter 2), after informed consent, from the 
Departmentt of Plasmapheresis of the CLB. 
Strippedd histamine release bioassay 
Thee histamine release assay was performed as described elsewhere 8'21. In short, basophils 

weree enriched (2%-5% purity) by Percoll centrifugation. IgE was removed from the surface 
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off  the basophils by lactic acid buffer (13.4 mM lactic acid, 140 mM NaCl, 5 mM KC1, pH 
3.9;; 10 ml/1.5xl08 cells). The cells were sensitized 22 by incubation (37 C , 90 min) with 
thee 'sensitization mixture' containing 150 ul of human serum, 4 mM EDTA and 10 ug/ml 
heparinn in a total volume of 1 ml HEPES buffer (20 mM HEPES, 132 mM NaCl, 6 mM 
KC1,, 1 mM MgS04, 1.2 mM K2HP04, 5.5 mM glucose and 0.5% (w/v) HSA, pH7.4). 
Beforee incubation with the stimulus the cells were allowed to recover in HEPES buffer 
containingg 1 mM CaCl2 for 30 minutes at 37°C. Stimulation (37°C, 60 min) was performed 
inn lmM CaCl2 using 250 ul of 2.5x106 cells and 50 \i\ allergen or 100 \L\ HRF™ extract. 
Histaminee release of the basophils was determined by fluorometric analysis as described by 
Siraganiann 23. Histamine release was expressed as percentage of the total amount of 
histaminee in the cells, determined by lysis of the cells by perchloric acid. The results were 
nott corrected for spontaneous release. In all experiments the spontaneous release was below 
5%. . 

Primin gg of histamin e releas e 
Primingg of histamine release was studied in the direct histamine release bioassay as 
describedd previously (chapter 2). Basophils of an allergic donor were partially purified by 
Percolll  centrifugation (2%-5% purity). To study priming effects, the cells were stimulated by 
allergenn extract diluted in HRF-preparation or rIL-3 containing HEPES buffer (final 
concentrationn during stimulation 1.8-9 ng/ml). 
Productionn of IgE-dependent HRFmn 

IgE-dependentt HRF was prepared as described previously 4. In short, peripheral blood 
mononuclearr cells obtained by leucapheresis were isolated by Percoll centrifugation and 
elutriation.. The cells were cultured in RPMI containing 5% (v/v) heat-inactivated FCS, 50 
uMM 2-mercaptoethanol, 100 IU/ml penicillin, 100 ug/ml streptomycin, and 300 fig/ml 
glutamine,, and were stimulated for 18 hours with SK/SD. IgE-independent HRFs were 
removedd from the culture supernatant by Heparin-Sepharose. Before and after depletion the 
preparationss were three times concentrated. 
Size-exclusionn chromatography of HRFmn 

Size-exclusionn chromatography was performed as previously described (chapter 5). The 
elevenn most active HRF-preparations out of twenty-nine from different donors were pooled, 
andd four times concentrated to 45 ml (29 mg protein/ml). Four times 10 ml was fractionated 
byy size-exclusion chromatography (73x2.8 cm Sephadex G75). After elution of 125 ml 
(30%% of column volume), fractions of 14 ml were collected. Fractions with histamine-
releasingg activity were pooled, and ten times concentrated. This preparation is referred to as 
HRFmnn pool 6-10. In this pool 68% of HRA of the total HRF™ preparation was present 
(whenn tested using HRF-reactive plasma #151), whereas 78% of the proteins was removed. 
HRFmnn pool 6-10 contained 3.6 times more HRA per mg protein compared to unpurified 
HRFmn-- A culture medium preparation containing SK/SD was prepared the same way for 
controll  experiments. 
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Beta-2-microglobulinn and BSA were used as marker proteins. The concentration of beta-2-
microglobulinn was determined with Behring Nephelometer analyzer II using anti-beta-2-
microglobulinn antibodies (Behring Diagnostics GmbH, Marburg, Germany). The presence 
off  BSA was determined by radial immunodiffusion25. 
HRF-preparations s 
Inn the present study three HRF-preparations (tested with HRF-reactive plasma #151) were 
usedd (i) H R F ^ ^ ^ : a mixture of three chemokine-depleted preparations containing IgE-
dependentt histamine-releasing activity (14.4 mg protein/ml), (ii) HRFI1U] 91: a chemokine-
depletedd preparation without IgE-dependent histamine-releasing activity (10.8 mg 
protein/ml)) and (iii ) HRF pool 6-10: a chemokine-depleted preparation partially purified by 
size-exclusionn chromatography (9.4 mg protein/ml). HRFnm pool 6-10 has 30 times more 
histamine-releasingg activity per mg protein than HRF™ 83-85. Culture medium control 
preparedd the same way as HRF,™ (11.1 mg/ml), did not contain HRA. 
Anionn exchange chromatography 
HRFmnn pool 6-10 (200 ul, 1.9 mg) was dialyzed overnight against 0.01 M phosphate buffer 
pHH 8.0, and added to a small DEAE Sephacel Media column (100 ul in a 1 ml blue 
Eppendorff  tip) equilibrated in the same buffer. After rinsing the column with 2 x 500 ul 
0.011 M phosphate buffer pH 8.0, proteins were eluted by a stepwise increase of NaCl 
concentrationn (2x500 ul of each concentration). Elution was performed by the following 
concentrationss NaCl: 25 raM, 50 mM, 75 mM, 100 mM, 200 mM, 500 mM (pH 8.0), and 1 
MM (pH 4.0). 

Thee eluted fractions were tested 1:5 diluted in the histamine release bioassay. The samples 
weree made isotonic either by the addition of NaCl or by diluting in hypotonic HEPES 
buffer;; samples eluted by 1 M NaCl pH4.0 were dialyzed overnight against isotonic HEPES 
buffer. . 
Depletio nn of BSA 
Sheepp anti-BSA antibodies were purified from TNP/BSA-antiserum using BSA-Sepharose 
(177 |ig/mg Sepharose). The procedure was as follows: BSA-Sepharose (300 mg) was 
incubatedd three times with 9 ml antiserum for 1 hour, washed four times with PBS, and 
anti-BSAA antibodies were eluted by elution buffer (0.1 M glycine-HCl pH 2.5 in 0.9% 
NaCl).. After dialysis against PBS, the affinity-purified sheep anti-BSA antibodies were 
coupledd to CNBr-activated Sepharose (10 mg/600 mg Sepharose). HRFnin pool 6-10 
obtainedd by size-exclusion chromatography (200 ul, 1.9 mg) was added to a column of 600 
mgg anti-BSA Sepharose. Fractions of 340 ul were collected. The five fractions with highest 
proteinn concentration were pooled and the depletion was repeated with regenerated 
immunosorbent.. By the depletion, 91% of the protein was removed, while 58% of HRA 
wass lost (when tested using HRF-reactive plasma #151). A fraction containing 4 times 
moree HRA/mg protein than HRF pool 6-10 was used for further experiments. The same 
proceduree was performed with culture medium control. The removal of BSA was checked 
byy silver staining of the preparations after separation by SDS-PAGE. 
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HRFF RAST (Radio Allerg o Sorben t Test) 
HRFmnn pool 6-10 depleted for BSA (17 fig) was coupled to 1 mg of CNBr-activated 

Sepharosee in a polystyrene tube (4x1.5 cm). The RAST was performed in the same tube. 

Thee coupling and RAST were performed as described previously 26 with minor 

modifications:: (i) the coupling buffer contained 0.1% Tween-20 and (ii) to the buffer used 

forr inactivation of the Sepharose, 0.1% (w/v) BSA was added. Inactivated Sepharose was 

usedd as control Sepharose. Coupling of titrated amounts of CSL mite extract was done in 

parallell  as positive control. 

Totall  IgE 
Totall  IgE concentrations were measured as described previously 

Radio-immunoprecipitationn assay (RIPA) 
Twentyy ug of HRF™ pool 6-10 and culture medium control depleted for BSA, were labeled 

byy l25I by the standard chloramine-T method28, and fractionated by ACA54. Serum (500 IU 

IgE)) was overnight incubated with 1 mg anti-IgE-Sepharose (30 ug anti-IgE/mg Sepharose; 

bindingg capacity: 320 IU IgE/mg Sepharose). The Sepharose was five times washed, and 
125II  labeled HRF or culture medium (3xl05 cpm) was added. After overnight incubation and 

removingg unbound proteins by ten times washing, the Sepharose was boiled for 7 minutes 

inn sample buffer with 100 mM DTT. The proteins were separated by 12.5% reducing SDS-

PAGE.. The gel was exposed to KODAK/X-OMA T AR at -70°C. 

Too avoid non-specificity, in all experiments the anti-IgE/IgE complex on the Sepharose was 

preincubatedd with 10% FCS before adding radioactive HRF or culture medium control. 

Underr these conditions, no binding was found when the anti-IgE antibody was replaced by 

aa control monoclonal antibody. Testing sera of atopic asthmatics and mild asthmatics 

describedd elsewhere (chapter 5), 250 ul serum was incubated with 2 mg anti-IgE 

Sepharose.. Binding of plasma #169 to 125I Derp 2 (labeled as described previously 29) was 

performedd in parallel (2 mg anti-IgE Sepharose, 500.000 cpm Der p 2). 

Profili nn RIA 
Profilinn was determined in samples as described by Van Ree et al. 30. Profilin containing 

sampless were incubated overnight with poly(l-proline)-Sepharose. The RAST was 

performedd as described previously 26. Plasma #200 containing IgE against profilin was used 

too detect profilin in samples. 

Daee g 1 ELISA 
Platess (Nunc-Immuno Plate, Denmark) were coated with anti-Lol p 1 monoclonal antibody 

7E77 (2 ug, 100 ul) overnight at 4°C. After blocking with PBS/0.05% Tween-20/1% BSA 

forr 1 hour at 37°C (150 ul), samples (100 ul) were incubated for 1 hour at 37°C. 

Biotinylatedd anti-Lol p i 1B8 (2 ug, 100 ul) was used as detection monoclonal antibody (1 

hour,, 37°C). Binding was detected after incubating with streptavidine-HRP (diluted 

accordingg manufacturer) for 30 minutes at 37°C, and with substrate (1 mM ABTS/0.003% 

H202)) for 30 minutes at RT. After each step, the plates were washed with PBS/0.05% 

Tween-20.. Using titrated amounts of Dactylis extract containing 6.6% (w/v) Dae g 1, the 
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concentrationn in samples was determined (detection limit: 200 ng/ml) (manuscript in 
preparation). . 

Size-exclusio nn chromatograph y of D. glomerata 
D.D. glomerata extract (5.8 mg/ml protein) was fractionated by size-exclusion 
chromatographyy (73x2.8 cm Sephadex G75). Five ml extract was added to the column, and 
afterr flow through of 30% of column volume (125 ml), fractions of 14 ml were collected. 
Fractionn 6 contained the main peak of Dae g 1 (18% Dae g 1 of total extract; 260 ug 
protein/ml),, fraction 11 the main peak of profilin (10% profilin of total extract; 130 ug 
protein/ml).. Fraction 6 was contaminated with less than 0.01% profilin present in fraction 
11;; fraction 11 with 3.3% Dae g 1 present in fraction 6. Fraction 6 is referred to as >20 kD, 
fractionn 11 as <20 kD. 
Removall  of specific IgE from sera 
Thee procedure was performed as described before (chapter 2). D. glomerata extract was 
coupledd to CNBr-activated Sepharose 4B (17 ug protein/mg Sepharose) (Sepharose A) 2 6. 
Fractionss >20 kD (Sepharose B) and <20 kD (Sepharose C) obtained by size-exclusion 
chromatographyy were also coupled. Sepharose B contained the same amount Dae g 1 as 
Sepharosee A, Sepharose C the same amount profilin as Sepharose A. Allergen-specific IgE 
antibodiess were removed from serum by absorption with an equal volume of Sepharose (50 
mgg Sepharose/ml) for 4 hours while rotating. To avoid complement activation, 4 mM 
EDTAA was added. After the incubation the Sepharose was spun down, and the absorbed 
serumm was collected. The supernatant was centrifuged twice. As control the serum was 
treatedd with glycine-Sepharose. To compensate for the dilution of serum due to the 
absorptionn procedure, 300 ul of absorbed supernatant instead of 150 ^1 was used for the 
sensitizationn of basophils. 

Result s s 

Primin gg activit y in HRFmn preparatio n 
Besidess histamine-releasing activity, also a priming factor was found to be present 

inn HRFI1U1 preparations. This factor upregulated IgE-dependent histamine release of 
basophilss even of donors not releasing histamine to HRFnin itself. In figure 1A is 
demonstratedd that histamine release to D. pteronyssinus protein was enhanced by HRFnin. 
Thee priming activity was distinct from the histamine-releasing activity. This is clearly 
illustratedd by the high priming activity of HRF^ 91, which has no detectable histamine-
releasingg activity. The activity was comparable with priming by IL-3. The priming activity 
wass dose-dependent as shown in figure IB. To obtain comparable priming with HRF,™ as 
withh IL-3 700.000 times more protein was required. 
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Figur ee 1: Priming activity in HRF 
preparations.. Basophils of a D. 
pteronyssinuspteronyssinus allergic donor were 
stimulatedd by allergen in the absence 
orr the presence of HRFmn. (A) The 
primingg activity was present in 
preparationss with IgE-dependent HRA 
(positivee HRFmn= HRF™ 83-85) as 
welll as in preparations without 
(negativee HRFmn =HRFmn91). Priming 
byy HRFmn 83-85 was performed with 
2.44 mg/ml, by HRF™ 91 with 1.8 
mg/ml,, and by IL-3 with 1.8 ng/ml. 
(B)) Dose-dependency of priming by 
HRF-preparations.. Basophils were 
stimulatedd by 5 ng/ml D.pteronyssinus 
proteinn in the presence of different 
concentrationss of HRF-preparation or 
IL-3. . 

Size-exclusio nn chromatograph y 
Pooledd HRFnin preparations were fractionated by size-exclusion chromatography, 

andd the HRA was determined using HRF-reactive plasma #151. The histamine-releasing 
activityy was highest in fractions 7 and 8, and eluted after the main protein peak (figure 2A). 
Thee highest concentration of BSA (68 kD) was present in fraction 5. Marker protein beta-2-
microglobulinn (15 kD) was present in fraction 14. By stimulating basophils of mite allergic 
donorss by D. pteronyssinus in the presence of fractions, it was shown that the highest 
concentrationn of priming factor was found in fraction 6 (figure 2B). 

Thee histamine-releasing activity of the HRF™, preparation is likely to be a 
combinationn of two factors, a priming factor and HRF,lln. To analyze the HRA independent 
off  the concentration of priming factor, IL-3 (9 ng/ml) was added to the fractions to obtain 
maximall  priming of the basophils. Using basophils from a HRF„ln-reactive donor, the 
highestt histamine-releasing activity in the presence of IL-3 was again found in fractions 7 
andd 8. 

Forr further characterization, fractions 6 to 10 were pooled and ten times 
concentratedd (HRFmn pool 6-10). The protein composition of this preparation as well as of 
thee culture medium control, prepared in the same way as HRFnin, is shown in figure 3. 
Radioactivee HRFmn pool 6-10 depleted for BSA is also depicted. 
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Figur ee 2: Size-exclusion chromatography of IgE-dependent HRFmn. The experiments were performed with 
differentt basophil donors. (A) Histamine-releasing activity in the fractions. Stripped basophils were 
sensitizedd by HRFmn-reactive plasma #151, and stimulated by HRF fractions, p-2-microglobulin and BSA 
weree used as marker molecules. The concentration of total protein is expressed as percentage of HRF-
preparationn before fractionation. (B) Priming capacity of the fractions. Basophils from an allergic donor 
weree stimulated by 18 ng/ml D. pteronyssinus protein in the presence of HRF fractions. The increase of 
histaminee release in response to D. pteronyssinus by the priming activity of the fractions is depicted. The 
histaminee release to D. pteronyssinus protein in the absence of HRFmn was 15% and 1% by respectively 
donorr 3 and 4. The histamine released by HRFmn fractions was below 5%. 

Anio nn exchang e chromatograph y 
Too study the charge of HRFmn, HRFmn pool 6-10 was subjected to DEAE anion 

exchangee chromatography. HRA was eluted directly after the main protein peak with 200-
500500 mM NaCl, pH 7.4 (figure 4). The fractions contained respectively 3.5 times less, 1.2 
timess less, and 3.7 times more HRA/mg protein than HRFmn pool 6-10. The main 
componentt of the preparation, BSA originating from the culture medium, was eluted at 200 
mMofNaCl. . 
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Figur ee 3: SDS-PAGE analysis of HRFm„ 
preparationn and culture medium. 
Chemokine-depletedd HRFm„ preparation 
andd culture medium control were 
fractionatedd by size-exclusion 
chromatographyy (Sephadex G75). Five 
HRFmnn fractions containing the highest 
histamine-releasingg activity were pooled 
andd ten times concentrated (HRFmn pool 6-
10).. After depletion for BSA these 
preparationss were 125l labeled, and 
fractionatedd by AcA54. Lane 1: HRFm„ 
pooll 6-10 (silver stained); lane 2: culture 
mediumm control pool 6-10 (silver stained), 
lanee 3: 125l labeled HRF depleted for BSA. 
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Figur ee 4: DEAE anion exchange chromatography of HRFm„. Chemokine-depleted HRFmn pool 6-10 (200 
ul;; 1.9 mg protein) obtained by size-exclusion chromatography, was added to a 0.2 ml column. Samples 
weree eluted by 2 x 500 ul phosphate buffer pH8.0 containing a stepwise increase in sodium chloride 
concentration.. Histamine release of basophils sensitized by HRF-reactive plasma #151 to the samples 
(madee isotonic) was determined. Histamine release and the protein concentration are expressed as % 
activityy of HRFmn pool 6-10. The histamine release of stripped basophils in response to fractions was below 
3%. . 

IgE-bindin gg to HRFm n usin g RAST 
Threee HRF-reactive plasma samples were tested for IgE-binding using RAST. IgE 

bindingg of HRF-reactive plasma samples to HRFinn pool 6-10 depleted for BSA was very 
low:: binding of plasma #151 was 1.6% (1.3% to control Sepharose), of plasma #13 2.3% 
(0.6%oo to control Sepharose), and of plasma #193 0.6% (0.4% to control Sepharose). 
Dilutionss of mite extract coupled in parallel were positive down to 6 ng mite protein/test 
(0.22 ng Der p 1/test, 0.06 ng Der p 2/test) using sera #2/#l 86. 
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IgE-bindin gg to HRFmn usin g RIPA 
Noo binding was found by HRF-reactive plasma samples #151, #13, and #193 to 125I labeled 
HRF,™™ (figure 3) or culture medium control. Plasma #148, not reactive to HRFmn, and IgE-
deficientt plasma #171 bound nor to HRFnin or to culture medium control. With control 
plasmaa #169 binding was found with the major house dust mite allergen Der p 2 down to 
0.155 units of Der p 2-specific IgE (figure 5). 

HRF-reactivee sera of thirty-seven atopic subjects described previously (chapter 5) 
weree tested for IgE-binding using RIPA. None of the sera bound to HRFmn despite 
histamine-releasingg activity to HRFmn. 

52 2 

Figur ee 5: IgE-bindin g to Der p 2 usin g 
RIPA.. Titrate d amount s of plasm a #169 
(1.22 IU Der p 2-specifi c IgE/ml ) were 

,__ ~ incubate d overnigh t with 2 mg anti-lgE -
Sepharose .. After incubatio n with  125l 

266 _ ^ ^  labeled Der p 2 (5x105 cpm) and 
^ ^ ^^ washing, the Sepharose was boiled for 7 

. ,, ~ flAjh^^  ^ minutes. The proteins were separated 
^ »» ^ — W » ^ by 12.5% reducing SDS-PAGE. Lanes 

99 ~ 1-6: 2-fold titrate d plasm a from 4.8 to 
0.155 IU Der p 2-specifi c IgE. 

Cross-reactivit yy  wit h gras s polle n 
Too study cross reactivity, IgE antibodies to grass pollen D. g/owerata were 

removedd from five HRF-reactive sera obtained from atopic subjects (described in chapter 5) 
andd reactivity to HRFnin pool 6-10 was investigated. The HRA to HRFmn was abolished 
whenn IgE to grass pollen was removed from sera A5, B3 and R6, the activity was decreased 
inn serum A9, and in plasma #151 it was not changed at all (figure 6). The experiment was 
repeatedd using another basophil donor. The results with plasma #151, A9, and A5 were 
comparable.. The activity of serum B3 was not completely abolished probably because the 
reactivityy of the basophils used in the second experiment was higher. 

Too determine biochemical characteristics of the grass pollen protein cross-reactive 
withh HRFmn, grass pollen was fractionated using the same column used for HRF„m. IgE 
antibodiess against the <20 kD fraction and >20 kD fraction were removed from 4 HRF-
reactivee sera, and compared to removal of IgE against grass pollen. In figure 6 is illustrated 
thatt the decrease of reactivity to HRFnin pool 6-10 was most pronounced when IgE against 
thee >20 kD fraction was removed, but also a small decrease was found after removal of IgE 
againstt the <20 kD fraction. 
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Figur ee 6: Cross-reactivity between HRFmn and a grass pollen allergen. IgE against grass pollen was 
removedd from HRF-reactive sera, basophils were sensitized by these absorbed sera, and stimulated by 
HRFmnn pool 6-10. The histamine release to grass pollen extract was abolished after absorption of the sera 
(HR<5%).. The experiment was performed twice using different basophil donors. (A),(B): plasma #151; 
(C),(D):: serum A9; (E),(F): serum A5; (G),(H): serum B3; (I): serum R6. (B),(D),(F),(H): Grass pollen extract 
wass fractionated, and HRF-reactive sera were absorbed to the <20 kD fraction, and to >20 kD fraction. 
Thesee absorbed sera were also tested for reactivity to HRF pool 6-10 in the stripped basophil assay. 
Absorptionn to: control Sepharose (filled circle); grass pollen extract (open circle); >20 kD fraction (open 
square);; <20 kD fraction (filled triangle). 
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Figur ee 6: (continued): (G-l) 

Discussion n 

Inn this study it was demonstrated that culture supernatants of human mononuclear 
cellss stimulated by streptodornase/streptokinase contain at least of two factors important in 
basophill  activation. The first factor is the HRF itself, an "autoailergen-iike factor": 
histaminee release is only induced if a particular serum is present. In previous studies we 
alreadyy showed that this histamine release is IgE-dependent by heating HRF-reactive sera 
att 56°C which destroys IgE-antibodies, and by using blocking anti-IgE antibodies 3l. Both 
proceduress abolished the histamine release upon stimulation by HRFmn. Besides this 
"autoallergen-likee factor", also a priming factor is present in the preparation. This factor was 
shownn to upregulate IgE-dependent histamine release in donors not releasing histamine to HRF 
itself.. This priming factor was present in HRFnill preparations with as well as without HRA. 

Byy size-exclusion chromatography we showed that the histamine-releasing activity 
off  the HRFmn preparation eluted around 50-60 kD. Because this activity is a combination of 
aa priming factor and an autoallergen-like factor, we studied these two activities 
independentlyy from each other. By priming mite-induced histamine release of basophils 
withoutt HRF-reactive IgE on their surface with HRFnm fractions, the priming factor was 
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foundd to be about 60-65 kD. To characterize the autoallergen, all fractions were saturated 
withh IL-3 to avoid an effect of the priming factor. The histamine-releasing activity was 
againn found in the fractions of about 50-60 kD. The effect of the priming cytokine might 
alreadyy be maximal in the fractions. Anion exchange chromatography indicated that HRFinn 

hass an iso-electric point lower than that of BSA (= 4.6). 

Whichh factor is responsible for the priming in our HRF™ preparation is not know. 
Comparingg this activity to that of IL-3 indicates that the priming factor is a minor 
componentt of the HRF,™ preparation. There are several cytokines described that enhance 
IgE-independentt and IgE-dependent activation of basophils. Cloned HRF p23 enhances 
IgE-mediatedd histamine release of basophils not releasing to rHRF p23 alone 32. Anti-IgE 
inducedd histamine release was shown to be upregulated by preincubation of basophils with 
rHRFF p23 down to 400 ng/ml. However, using a HRF p23 specific ELISA, HRF-p23 was 
nott detectable (<8 ng/ml) in our HRF™ preparation (data not shown). IL-3 " , IL-5 ' , 
andd granulocyte-macrophage colony-stimulating factor (GM-CSF) 34363 also increase 
basophill  degranulation. IL-3 and IL-5 modulate basophil responses to IgE-independent 
agonistss in an identical manner, but IL-5 enhances anti-IgE-induced mediator release 
somewhatt less efficiently as compared to IL-3 35. GM-CSF and IL-3 were shown to achieve 
similarr pattern of enhancement of anti-IgE stimulation 36. Other experiments demonstrating 
thatt the combination of cytokines and thapsigargin (a calcium ATPase inhibitor) induces 
histaminee from basophils, showed that the priming capacity of IL-3 >IL-5 >GM-CSF 
Whetherr IL-3, IL-5 or GM-CSF are present in the HRF-preparation produced by 
mononuclearr cells is unknown. Since the priming factor in the HRFmn preparation was 
foundd to have a molecular weight of about 60-65 kD, the activity is not likely to be due to 
IL-33 (different glycosylated forms: 22, 28, or 36 kD) 40 or GM-CSF (14 kD or 35 kD 
dependingg on degree of glycosylation)41. On the basis of the molecular weight, IL-5 could 
bee responsible for the priming activity. Only the N-glycosylated homodimer IL-5 (45-60 
kDD depending on the degree of glycosylation) is biologically active " . 

Onn basis of the hypothesis that HRF™ is an autoallergen, IgE binding to HRF™ by 
immunoassayy would be expected. We have been unable, so far, to demonstrate such IgE 
binding.. This does not disprove the autoallergy hypothesis, since this could be due either to 
aa too low concentration of the IgE autoantibody, or a too low purity of the autoallergen in 
thee HRF™ preparation. On the basis of a comparison with the relative sensitivities of the 
bioassayy and the immunoassay for a "regular" allergen, e.g. mite allergen, the first 
explanationn is unlikely: even in the presence of a basophil primer (IL-3) the sensitivity of 
thee stripped basophil bioassay is less than that of the RAST, provided that allergen 
representss a substantial fraction of the total protein in the allergen preparation (chapter 2). 
If,, however, the allergen represents only a minor fraction of the total protein in the allergen 
preparation,, the sensitivity of immunoassay is expected to be compromised by the 
irrelevantt proteins well before the bioassay is affected. The sensitivity for allergen of the 
basophill  assay is approximately 0.05 ng/ml  44, dependent both on the concentration of 
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specificc IgE and the kind of antigen. Thus the lower limit of the putative autoallergen in our 
mostt enriched HRF™ (after BSA depletion) is 0.05 ng/25.5 ug protein or 2 ng/mg protein. 
Sincee also a priming cytokine is present in the HRF preparation, the limit is likely to be 
lower.. In the RIPA we need 100 cpm for visualizing a band by autoradiography. Since we 
usedd 300 000 cpm input, this corresponds to a minimal purity for immunodetection of 300 
ngg allergen/mg protein (assuming comparable iodinating efficiencies for the autoallergen 
andd the irrelevant proteins). This indicates that the sensitivity of the RIPA is too low for 
detectionn of the autoallergen. Analysis of mite-RAST data indicates that 0.3-3 ng allergen 
perr test is required for the detection of IgE antibody (dependent on specific IgE and 
allergen).. Under our conditions we can accommodate 10-20 ug protein per test in a RAST. 
So,, the minimal purity of the autoallergen for detection by RAST should be 15-300 ng/mg 
protein,, which is a factor 10-100 higher than for the bioassay. Additionally, inefficient 
couplingg of the autoallergen to the Sepharose as known for some other proteins, might also 
lowerr the sensitivity of the RAST. Moreover, the RAST may be disturbed by binding of 
IgGG or other plasma proteins to the autoallergen. 

Inn the current study we demonstrated that HRFnin is cross-reactive with a grass 
pollenn allergen. In three HRF-reactive sera, the removal of IgE against grass pollen 
abolishedd the histamine release to HRF,™,. In one serum the removal of this IgE caused a 
decreasee of the response. The response of HRF-reactive plasma #151 was not changed at 
all.. These latter two sera might contain IgE to autoallergens other than the gTass pollen 
cross-reactivee protein. Furthermore, it is known that the cross-reactivity varies between the 
patients,, for instance IgE to grass pollen profilin is not always cross-reactive with birch 
profilinn . Since cross-reactivity between birch pollen profilin and human profilin has been 
describedd by Valenta et al  15, we analyzed if HRF,™ was cross-reactive with grass pollen 
profilin.. Profilin (14 kD) is a pan allergen responsible for cross-reactivity between pollen 
fromm grasses, trees, weeds, and vegetable foods 30-45-46. However, most HRF-reactive IgE 
wass removed after absorption to a >20 kD fraction. Thus, HRF™ is not likely to be human 
profilin. . 

Thee observed cross-reactivity between HRF™ and a grass pollen allergen suggests 
thatt HRF™ is indeed an autoallergen. Furthermore, we recently disproved an alternative 
hypothesis,, i.e. that HRF-reactive IgE is polymeric IgE, for example the isoform "IgE 
tailpiece",, which might form polymers 47. HRF™ reacts, just like a regular allergen, with 
monomelicc IgE 8. The results of the current study indicate that the activity in our HRF-
preparationn is a combination of an autoallergen and a priming factor. The concentration of the 
autoallergenn might be too low for detection in an IgE-binding assay, however due to the 
presencee of the priming factor, the autoallergen induces release of histamine from basophils in 
thee bioassay. The fact that irrelevant proteins are abundantly present in our HRF preparation 
iss supported by the absence of noticeable differences between the HRF™ preparation and 
culturee medium were found on SDS-PA gel. 
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Itt was previously shown that HRF-reactive IgE might be a risk factor for severe 
asthmaa (chapter 6). HRF-reactive IgE might be produced during a reaction to an exogenous 
allergen.. Alternatively, the production of HRF-reactive IgE might be induced by the release 
off  endogenous allergens during a chronic allergic reaction. The notion that HRFlll n is cross-
reactivee with a grass pollen allergen supports the first hypothesis. Taken these results 
togetherr we can hypothesize that HRFnu/autoallergen is released during a late or chronic 
allergicc reaction after an acute allergic reaction to an exogenous allergen. If also IgE is 
presentt with cross-reactivity to HRFnu/autoallergen (induced by grass pollen), the 
subsequentt IgE-mediated reaction to this human protein might prolong and/or aggravate the 
asthmaticc symptoms. 
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StudiesStudies on the association between laE autoreactivitv and laE-deoendent HRFs 

Abstrac t t 

Background::  It has been reported that serum IgE from certain atopic patients can sensitize 
basophilss to release histamine in response to IgE-dependent factors (HRFs). 
Objective::  It was investigated whether HRF-reactive sera contained IgE autoantibodies and 
iff  there was an association between IgE autoreactivitv and IgE-reactivity to HRF. 
Methods::  The presence of HRF-reactive IgE in serum of atopic patients was determined by 
stimulatingg stripped human basophils sensitized by serum with peripheral blood 
mononuclearr cell-derived HRF, and measuring the release of histamine. In parallel, these 
seraa were screened for the presence of IgE autoantibodies to nitrocellulose-blotted human 
cellularr extracts. Some of the IgE-defined autoantigens were studied in more detail using 
protein-chemicall  techniques, and were analyzed for cross-reactivity with exogenous 
allergens.. The capacity of autoantigen-containing preparations to induce histamine release 
wass tested in the stripped basophil assay. 

Results::  Eleven out of 52 sera contained IgE autoantibodies to blotted cellular extracts of 
humann PBMCs or of the human epithelial cell line A431. No significant association was 
foundd between IgE autoreactivity and IgE-reactivity to HRF: 7/26 HRF-reactive sera 
containedd IgE to human cellular extracts, whereas 4/26 of the sera without HRF-reactivity 
did.. IgE autoantigen-containing extracts did not induce histamine release of appropriately 
sensitizedd basophils. Size-exclusion chromatography indicated that a 32 kD autoantigen 
formss polymers or complexes with other macromolecules, which possibly explains the 
discrepancyy between binding and activity. A 20 kD IgE-defined autoantigen cross-reacted 
withh a shrimp allergen. 

Conclusion::  Our results indicate that IgE-reactivity to immunoblotted human protein and 

IgE-dependentt HRF activity are distinct entities which may co-occur in atopic patients. 

Introductio n n 

Acutee allergic symptoms are induced by the cross-linking of IgE antibodies on the 
surfacee of an effector cell (e. g., mast cell, basophilic granulocyte) by an allergen, which 
resultss in degranulation of mediators such as histamine '. It is also well established that 
basophilss can be activated to release mediators by IgE-independent histamine-releasing 
factorss (HRFs) 2. Evidence for the presence of another type of histamine-releasing factor 
camee from studies indicating that culture supernatants of human cells contained IgE-
dependentt HRF 3' \ IgE-dependent histamine releasing factors by definition require the 
presencee of IgE to induce histamine release and only certain types of IgE, designated IgE+, 
exertt this reactivity 3. Our group investigated the histamine-releasing activity in culture 
supernatantss of stimulated human peripheral blood mononuclear cells (PBMC) using the 
strippedd basophil bioassay 4'5. In this assay IgE antibodies are removed from human 
basophilss with an acidic buffer, the cells are re-sensitized by serum, and histamine release 
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inn response to stimuli is investigated. It was shown that IgE-reactivity to HRF produced by 
mononuclearr cells (HRFnin) was associated with atopic sensitization . HRFnui-reactive IgE 
wass present in 40% of the sera from allergic rhinitis and asthma patients, whereas it was 
absentt in non-atopies . 

Theree are several possibilities to explain the reactivity of IgE+. The feature 
discrirninatingg IgE+ from other IgE antibodies might be present in the constant regions of IgE. 
IgE++ might be a differently glycosylated IgE , or an alternative splice variant of the IgE 
moleculee 6. It is known that a combination of two partial agonists can activate basophils. 
Accordingly,, it is possible that both HRF and a structurally different form of IgE are 
necessaryy to achieve full basophil activation. HRF might then exert a priming effect on 
basophils.. The histamine-releasing activity of the IgE-dependent HRF p23 cloned by 
MacDonaldd et al.7 might be due to such a priming process. 

Alternatively,, IgE+ reactivity might not be mediated by IgE alone, but in 
combinationn with IgG anti-IgE antibodies 8'9. Anti-IgE antibodies have been described to 
modulatee basophil histamine release in a stimulating as well as in a blocking manner 9,1°. 

AA third possibility would be that IgE+ is a HRF-specific IgE antibody, and HRF an 
autoallergen.. HRF would then exert its reactivity, similar to conventional allergens, by 
cross-linkingg IgE+ on the surface of basophils. In this context, it is noteworthy that several 
studiess reported that patients suffering from severe forms of atopy contain IgE 
autoantibodiess u. IgE autoantibodies have been detected in sera from atopic dermatitis 
(AD)) patients, recognizing different proteins in human cellular extracts on immunoblot '2. 
AA strong IgE binding was associated with severe forms of atopic eczema . Several IgE 
bindingg human proteins have been cloned by screening cDNA expression libraries from 
humann tissues ,3"15: Horn s 1 (MW 55 kD; sequence homology with an antigen recognized 
byy cytotoxic T cells of a squamous cell carcinoma patient), Horn s 2 (MW 10 kD; oc-NAC, 
thee a chain of the human nascent polypeptide-associated complex), Horn s 3 (MW 20 kD; 
BCL7B,, a putative oncogene), Horn s 4 (MW 36 kD; function unknown), and Hom s 5 
(MWW 43 kD; human cytokeratin type II). These autoallergens might be released following 
tissuee damage induced by an allergic reaction. Other autoallergens have been described by 
thee group of Crameri et al. 16"18. The allergens manganese-dependent superoxide dismutase 
(266 kD), acidic ribosomal phosphoprotein type 2(11 kD) and cyclophilin B (22 kD) from 
AspergillusAspergillus fumigatus were IgE cross-reactive with their human homologues. 

Inn the current study we investigated a possible association between IgE 
autoreactivityy and IgE-dependent histamine-releasing activity. For this purpose we screened 
seraa from atopic patients for the presence of IgE autoantibodies and performed a partial 
characterizationn of the IgE-defmed autoantigens. In parallel, we tested sera for their 
capacityy to sensitize stripped basophils to release histamine in response to peripheral blood 
mononuclearr cell-derived HRF. Furthermore it was studied whether autoantigen-containing 
preparationss induce histamine release in passively sensitized basophils. Our finding that 
IgEE autoreactivity and IgE-dependent HRF activity seem to be distinct entities is discussed. 
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Material ss  and Method s 

Preparatio nn of huma n cellula r extract s 
CervixCervix carcinoma cell line HeLa 

Frozenn pellets from the cervix carcinoma cell line HeLa S3 (109 cells, 15 ml) were obtained 
fromm Computer Cell Culture Centre (Mons, Belgium). The extract was prepared according 
too Verheijden et al. '9 with minor modifications. After thawing, the cells were swollen in 30 
mll  of hypotonic Hepes Buffer (10 mM HEPES pH7.9, 10 mM KCL 1.5 mM MgCl2, 0.5 
mMM DTT) for 30 minutes while rotating at 4 °C. The cells were crushed by an S-pestle, and 
4.55 ml of high magnesium buffer was added (300 mM HEPES pH7.9, 1.4 mM KC1, 30 mM 
MgCl2).. The nuclei were pelleted by centrifugation (3000 g, 4° C) until the supernatant was 
clearr and the supernatant was harvested. The extract was dialyzed against phosphate-
bufferedd saline (PBS), and stored at -20 °C. Protein concentrations were determined by BCA 
proteinn assay (Pierce, IL, USA) using BSA as a standard. Four HeLa extracts were prepared 
rangingg from 10.4 to 13.4 mg protein/ml. For SDS-polyacrylamide gel electrophoresis 
(SDS-PAGE),, 5 mg extract (approximately 6xl07 cells) was suspended in sample buffer A 
(3155 mM Tris-HCl pH 6.8, 80 mM dithiotreitol (DTT), 5% SDS, 0.2% bromophenolblue, 
10%% glycerol). 
Monocyte-likeMonocyte-like cell lines MonoMac and U937 

Thee human monocyte-like cell lines U937 and MonoMac 6 were cultured in Iscoves 
modifiedd Dulbecco's medium (BioWhittaker Europe, Belgium) containing 10% (v/v) heat-
inactivatedd fetal calf serum (FCS) (Bodinco, Alkmaar, the Netherlands), 50 uM 2-
mercaptoethanol,, 100 IU/ml penicillin, and 100 ug/ml streptomycin. To the culture medium 
off  MonoMac also 20 ug/ml human apo-transferrin (Sigma, St. Louis, Mo, USA) was added. 
Afterr harvesting, U937 and MonoMac cells were washed three times with ice-cold isotonic 
NKMM buffer (130 mM NaCl, 5 mM KC1, 1.5 mM MgCl2), and the cell pellets 
(approximatelyy 5 ml) were stored at -20 °C. 

Cellularr extracts were prepared as described above for the HeLa cell line. Protein 
concentrationss were determined using BCA protein assay (Pierce, IL, USA) according to 
thee manufacturers instructions. Bovine serum albumin (BSA) was used as standard. Two 
U9377 extracts were prepared containing 5.3 and 6.8 mg protein/ml, and one MonoMac 
extractt containing 3.5 mg protein/ml. For running on SDS-PAGE, 5 mg extract (from 
approximatelyy 5xl07 cells) was diluted in sample buffer A. 
EpithelialEpithelial cell line A431 

Culturingg and preparing cellular extracts from the human epithelial cell line A431 
(Americann Type Culture Collection, Rockville, Md.) was performed as previously 
describedd '3. In short, after harvesting, the cells (1.5xl08) were washed twice with PBS, and 
thee cell pellet was suspended in 2 ml sample buffer B (100 mM Tris-HCl pH 6.8, 200 mM 
dithiotreitoll  (DTT), 4% SDS, 0.2% bromophenolblue, 20% glycerol) for running on SDS-
polyacrylamidee gels (approximately 4.5xl06 cells/cm). The extract was stored at -20 °C. 
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PeripheralPeripheral blood mononuclear cells (PBMCs) 

PBMCss from a non-atopic donor were isolated from 100 ml heparinized blood using Ficoll 
densityy gradient centrifugation. After washing the cells twice with PBS, the cell pellet was 
suspendedd in 2 ml of sample buffer B and boiled for 5 minutes. The extract was stored at -
200 °C. This extract was used for three polyacrylamide gels (11 cm; approximately 4.5x106 

cells/cm). . 

SDSpolyacrylamideSDSpolyacrylamide gel electrophoresis (SDS-PA GE) and immunoblotting 

Beforee the separation by SDS-PAGE, the cellular extracts were boiled for 5 minutes. The 
extractss from A431 and PBMCs were run on 12.5% SDS- polyacrylamide gel (0.2 mg 
protein/cm)) as described before 13, and the extracts from HeLa, MonoMac, and U937 on 
15%% SDS-polyacrylamide gel (0.5 mg protein/cm). After electrophoretic separation, the 
extractss were blotted onto nitrocellulose20. Nitrocellulose strips of 4 mm were incubated in 
blockingg buffer: blots with PBMCs and A431 (experiments performed in Vienna) with 
bufferr containing 50 mM sodium phosphate pH7.5, 0.5% (w/v) BSA, 0.5% Tween-20, 
0.05%% NaN3 for two times 5 minutes and once 30 minutes; blots with HeLa, MonoMac and 
U9377 (experiments performed in Amsterdam) with PBS containing 0.5%BSA (w/v), 0.1% 
(v/v)) Tween-20 for 1 hour. Sera were added to the strips 1:10 diluted in blocking buffer: 
blotss with PBMCs and A431 in a total volume of 1 ml; blots with HeLa, MonoMac and 
U9377 in a total volume of 3 ml. After overnight incubation, immuno-detection was 
performedd following similar incubation of PBMCs and A431 with 125I-labeled anti-IgE 
(Pharmacia,, Uppsala, Sweden) as described elsewhere 18, and of HeLa, MonoMac and 
U9377 with 125I labeled sheep anti-human IgE (CLB, Amsterdam, The Netherlands, 100.000 
cpm/strip).. To visualize IgE binding, the blots were exposed to x-ray film (Kodak, New 
York,, USA) at -70 °C. 
Strippedd histamine release bioassay 
Thee histamine release assay was performed as described previously 21,22. In short, basophils 
weree enriched (2%-5% purity) by Percoll (Pharmacia Fine Chemicals, Uppsala, Sweden) 
centrifugation.. IgE was removed from the surface of the basophils by lactic acid buffer (13.4 
mMM lactic acid, 140 mM NaCl, 5 mM KC1, pH 3.9; 10 ml to 1.5xl08 cells). The cells were 
sensitizedd n by incubation (37°C, 90 min) with the 'sensitization mixture' containing 150 ul of 
humann serum, 4 mM EDTA and 10 ug/ml heparin in a total volume of 1 ml HEPES buffer (20 
mMM HEPES, 132 mM NaCl, 6 mM KCL 1 mMM MgS04, 1.2 mM K2HP04, 5.5 mM glucose 
andd 0.5% (w/v) human serum albumin (CLB, Amsterdam, the Netherlands), pH7.4). Before 
incubationn with the stimulus, the cells were allowed to recover in HEPES buffer containing 1 
mMM CaCl2 for 30 minutes at 37°C. Stimulation (37°C, 60 min) was performed in 1 mM CaCl2 

usingg 2.5xl06 cells in 250 \x\ and 50 ul allergen or 100 ul cellular extract or HRF preparation. 
Ass a control for sensitization, sheep polyclonal anti-human IgE (CLB, SH25P01, Amsterdam, 
Thee Netherlands) and Dermatophagoides pteronyssinus or Dactylis glomerata extracts (ALK , 
Copenhagen,, Denmark) were used. To upregulate IgE-mediated histamine release, the 
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stimulii  were diluted in HEPES buffer/1 mM CaCl2 containing recombinant IL-3 (Pepro 
Techh Inc., Rocky Hill , NJ, USA). The final concentration of IL-3 was 600 pM. 

Histaminee was determined by fluorometric analysis as described by Siraganian u. Histamine 
releasee was expressed relative to total histamine, determined by lysis of the cells by perchloric 
acid.. The results were not corrected for spontaneous release. In all experiments the spontaneous 
releasee was below 5%. 
Productio nn of IgE-dependen t HRFmn 

IgE-dependentt HRFs were prepared as described elsewhere 25 (chapter 5). In short, peripheral 
bloodd mononuclear cells obtained by leucapheresis were isolated by Percoll centrifugation and 
elutriation,, and stimulated for 18 hours with streptokinase/streptodomase (SK/SD) (Lederle 
Laboratories,, Pearl River, NY, USA). IgE-independent HRFs were removed from the culture 
supernatantt by heparin Sepharose CL-6B (Pharmacia Biotech, Uppsala, Sweden). Eleven 

HRF-preparationss from different donors selected out of 29 preparations on basis of high 
reactivityy were pooled. The pooled preparations were four times concentrated, and partially 
purifiedd by size-exclusion chromatography (Sephadex G75). The presence of IgE-dependent 
HRFF in the fractions was determined by sensitizing stripped basophils by HRF-reactive serum 
#151.. Five fractions containing histamine-releasing activity were pooled, and ten times 
concentrated.. A culture medium preparation containing SK/SD was prepared the same way for 
controll  experiments. The protein concentration of the preparations was 9.4 mg/ml (BCA 
proteinn assay, Pierce, IL, USA). 
Calculatio nn of HRF-reactiv e IgE level s 
Thee levels of HRF-reactive IgE in serum were determined as described previously (chapter 
5).. In short, HRF™ activity was tested in different concentrations (3-fold dilutions, final 

proteinn concentration: 20-537 ug/ml). Since the histamine release experiments were 
performedd on different days, an adjustment had to be made for inter-assay variability. 
Thereforee the results were related to reference plasma #151. Plasma #151 was allotted 100 
sensitizingg units/ml, which corresponded to a histamine release of 66  9% (n=8, mean 

)) to 537 |ig/ml of HRFmn preparation. A serum containing more than 3 sensitizing 

units/mll  was defined as HRF^-reactive serum (>15% histamine release to 537 ug/ml of 
HRF™,, preparation). 

Celll  donor s 
Buffyy coats were derived from 1000 ml blood (Haemonetics Plasma Collection System, 

Haemoneticss Corporation, Braintree, MA, USA) from donors from the Department of 

Plasmapheresiss at the CLB. 

Characterizatio nn of atopi c patient s 
Seraa obtained from non-atopies (n=15), atopic non-asthmatics (n=33) and mild asthmatics 

(n=49)) described before (chapter 5)26, were tested for IgE binding to extracts from the HeLa 
celll  line. For detection of IgE autoantibodies to cellular extracts of the human epithelial cell 
linee A431 and of PBMCs, HRF-reactive and non-HRF reactive sera were randomly selected 
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fromfrom the atopic group (table 1). Moreover, sera from severe asthma patients (chapter 6) were 
testedd (table 1). 

Inn addition to the sera displayed in Table 1, sera from patients with atopic dermatitis as 
classifiedd according to Hanifin and Rajka 27, were used as positive control, since AD sera 
aree reported to contain IgE autoantibodies n. AD patients D4, D5, D8, and Dl 1 are described 
elsewheree (chapter 6). Additionally, AD patients MD (total IgE: 1800 IU/ml), S (total IgE: 
26000 IU/ml), and M (total IgE: 11000 IU/ml), RAST positive to common inhalant allergens, 
weree used as positive controls in blot experiments with the cell line A431 and PBMCs. Serum 
VRR (total IgE: 19 IU/ml), RAST negative to common inhalant allergens, was used as negative 
control. . 
Moreover,, some plasma samples were tested. Plasma samples were obtained, after 
informedd consent, from human subjects by means of plasmapheresis. Plasma was 
defibrinatedd by recalcification and dialyzed. Plasma #141 (total IgE: 960 IU/ml), #144 
(totall  IgE: 240 IU/ml), and #145 (total IgE: 780 IU/ml) were RAST positive to Aspergillus 
(>155 IU specific IgE/ml). Plasma #13 (total IgE: 850 IU/ml) was RAST positive to inhalant 
allergenss house dust mite, grass pollen, cat dander and birch pollen. This plasma also 
containedd IgE antibodies to codfish (2 IU specific IgE/ml). Plasma #164 (total IgE: 360 
IU/ml)) was positive for IgE to house dust mite (>33 IU specific IgE /ml), chironomids (24 
IUU specific IgE/ml), codfish (23 IU specific IgE/ml), shrimp (>100 IU specific IgE/ml), and 
shrimpp tropomyosin (33 IU specific IgE/ml). Plasma #36 (total IgE: 9100 IU/ml), #193 
(totall  IgE: 360 IU/ml), #151 (total IgE: 1600 IU/ml) and other plasma samples were derived 
fromm allergic subjects with IgE antibodies to at least two inhalant allergens. 
Analysiss of IgE-reactive autoantigens 
AmmoniumAmmonium sulphate fractionation 

HeLaa cellular proteins were precipitated with ammonium sulphate (30%, 50%, 100% 
saturation)) at 4°C. In the 30%, 50% and 100% SAS precipitates respectively 22%, 21%, 
andd 14% of the total protein was present. 
SizeSize exclusion chromatography 

Onee ml of 100% SAS precipitate (10.7 mg protein) was fractionated by size-exclusion 
chromatographyy using Sephadex G75 (35 xl.2 cm) (Pharmacia Biotech, Uppsala, Sweden). 
Afterr elution of 14 ml (35% of column volume), fractions of 3 ml were collected. Fraction A 
containedd the bulk of the protein (molecular weight > 55 kD); fractions B (25-55 kD) and C 
(10-255 kD) were the next fractions. The protein concentration of the pools was 0.94 mg/ml, 
0.366 mg/ml, and 0.19 mg/ml respectively. 
RemovalRemoval of specific IgE from sera 

Too 300 mg CNBr-activated Sepharose 4B (Pharmacia, Uppsala, Sweden) 12 mg shrimp 
protein,, or 6 mg chironomid protein was coupled. Allergen-specific IgE antibodies were 
removedd from 500 ul serum by absorption with an equal volume of allergen Sepharose (50 
mgg Sepharose/ml) for 4 hours while rotating. Removal of allergen-specific IgE was 
confirmedd by RAST performed as described elsewhere28'29. 
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Tablee 1: Characteristics of patients with respiratory atopy 
Patientt no* Totall IgE 

(lU/ml) ) 
symptoms s HRFF IgE 

(units/ml) ) 
immunoblo tt  Ig E 

A4311 PBMC HeL a 

lgE++ sera 

B2 2 

R3 3 

B3 3 

R4 4 

R5 5 

R6 6 

R7 7 

R8 8 

R9 9 

R10 0 

R11 1 

A10 0 

A11 1 

A12 2 

A13 3 

A15 5 

A16 6 

A17 7 

A19 9 

A20 0 

A21 1 

A23 3 

A24 4 

SA4 4 

SA7 7 

SA8 8 

IgE-- sera 

B4 4 

B5 5 

B6 6 

B7 7 

R9 9 

R12 2 

R13 3 

R14 4 

R15 5 

R16 6 

R17 7 

R19 9 

R20 0 

R23 3 

R24 4 
R25 5 

A28 8 

A30 0 

A31 1 

A32 2 
A36 6 
A37 7 
A41 1 

A44 4 

A47 7 

SA11 1 

98 8 

230 0 

206 6 

1151 1 

250 0 

323 3 

128 8 

69 9 

58 8 

285 5 

79 9 

260 0 

507 7 

3568 8 

716 6 

189 9 

365 5 

63 3 

52 2 

178 8 

311 1 

349 9 

247 7 

916 6 

293 3 

1800 0 

450 0 

42 2 

183 3 

44 4 

58 8 

86 6 

291 1 

66 6 

27 7 

108 8 

31 1 

79 9 

171 1 

39 9 

23 3 
483 3 

331 1 

264 4 

370 370 

571 1 
37 7 
96 6 

1197 7 

163 3 

418 8 

58 8 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc severe asthma 

atopicc severe asthma 

atopicc severe asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 

atopicc non-asthma 
atopicc non-asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 
atopicc mild asthma 
atopicc mild asthma 
atopicc mild asthma 

atopicc mild asthma 

atopicc mild asthma 

atopicc severe asthma 

67 7 

58 8 

32 2 

28 8 

27 7 

27 7 

24 4 

18 8 

14 4 

13 3 

4 4 

40 0 

39 9 

28 8 

26 6 

18 8 

13 3 

12 2 

10 0 

9 9 

9 9 

6 6 

6 6 

115 5 

14 4 

7 7 

NO O 

NO O 

ND D 

ND D 

ND D 

ND D 

ND D ND D 

** = patient numbers as described elsewhere (chapter 5, chapter 6). ND= not done. 
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A A 

A431 1 

1 22 3 4 5 6 7 8 9 10 111213 14 1516 17 18 19 20 21 22 23 24 25 

97 7 

66 6 

466 —*. 

Ml l 
i nn _ 

21 1 

B B 

PBMCs s 

1 22 3 4 5 6 7 8 9 14 15 16 17 18 19 20 21 22 23 24 25 

97 7 

66 6 

46 6 

30 0 

21 1 

Figur ee 1: Detection of IgE autoantibodies in sera of atopic patients. Extracts from the (A) epithelial cell line 
A4311 and (B) human PBMCs. Atopic non-asthmatic and mild asthmatic patients R20, A28, B4, A41, A23, 
A13,, A12, B3, and A10 (lane 1-9); severe asthmatic patients SA11, SA4, SA8, and SA7 (lane 10-13); 
atopicc AD patients D4, D5, D8 and D11(lane 14-17); patients with Aspergillosis: #141, #144, #145 (lane 18-
20);; plasma sample #13 (lane 21); positive controls MD, S, M (AD) (lane 22-24); negative control VR (lane 
25).. IgE binding was analyzed in sera from 48 atopic non-asthmatics and mild asthmatics, only the 9 sera 
withh immunoblot-reactive IgE are shown. A 40 kD component non-specifically binds radio-active anti-lgE. 
Underlinedd lane numbers: IgE* serum. Positive and negative controls (lane 22-25) were not tested for IgE* 
reactivity. . 
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Results s 

Lackk of association between IgE auto reactivity and HRF-reactivity 
Too investigate a possible association of HRF-reactivity and IgE autoreactivitv, 26 

HRF-reactivee and 26 non-HRF-reactive sera were tested for the presence of IgE 
autoantibodiess (table 1). The HRF-reactive sera contained 4 to 115 units/ml (mean: 26) 
HRF-IgE.. Seven of the 26 IgE+ sera and 4 of the 26 IgE- sera contained immunoblot-
detectablee IgE autoantibodies to human cellular extracts. IgE-reactivity of sera to 
nitrocellulose-blottedd A431 and PBMC cell extracts are shown in figures 1A and B, 
respectively.. IgE antibodies in 2 HRF non-reactive and 5 HRF-reactive sera (weakly) 
boundd to human protein in cellular extracts from the epithelial cell line A431. IgE binding 
too PBMC extracts was stronger than to A431 extracts. It was found in 3 non-HRF reactive 
andd 4 HRF-reactive sera. Three sera (1 HRF non-reactive and 2 HRF-reactive sera) 
recognizedd proteins in both extracts. The lack of clear association between IgE 
autoreactivityy and HRF-reactivity is summarized in figure 2. Of the 12 IgE+ sera with >20 
unitss HRF-IgE/ml, five contained blot-detectable IgE autoantibodies while seven sera did 
not.. Four IgE" sera contained IgE autoantibodies while 22 IgE" sera did not show IgE 
autoreactivityy (Figure 2). 
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Figur ee 2: Lack of association between HRFmn-reactivity and IgE autoreactivity. IgE binding on immunoblot 
waswas determined to extracts of the human epithelial cell line A431 and PBMCs. Open circle: serum with IgE 
bindingg to both extracts. 
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Inn figure 1 IgE autoreactivity was also analyzed for other patient groups. In all four 
ADD patients (1 non-HRF and 3 HRF-reactive sera), IgE binding to cellular extracts of the 
celll  line A431 as well as of PBMCs was found. This result is in agreement with data 
publishedd elsewhere ". IgE autoantibodies in sera of 3 atopic patients with Aspergillosis 
weree also studied. Plasma #145 bound a human protein in the A431 extract, and plasma 
#1444 in PBMCs extract. No binding was found to an antigen with a molecular weight 
similarr to Aspergillus allergens cross-reacting with human proteins . 

Twenty-fivee non-HRF reactive and 23 HRF-reactive sera were also tested for 
reactivityy to cellular extracts of the cervix carcinoma cell line HeLa (table 1). Only serum 
R200 had autoantibodies to this cellular extract; a 38 kD protein was recognized. In an 
additionall  group of atopic non-asthmatic or mild asthmatic patients (15 HRF-reactive and 
199 HRF non-reactive sera), one HRF non-reactive serum was found binding a protein of 33 
kD.. With serum of 14 non-atopic subjects no binding was found. 
Analysiss of HeLa-derived IgE autoantigens 

IgEE binding to HeLa extracts was studied in more detail using plasma samples 
fromm atopic subjects. Out of 43 tested plasma samples, 13 contained IgE to human proteins 
rangingg from 10 kD to 50 kD in extract from the HeLa cell line. In figure 3 IgE binding of 5 
plasmaa samples is shown. Both a HRF-reactive plasma (#13) and non-HRF reactive plasma 
(#164)) bound strongly to a 32 kD protein. In addition, IgE antibodies in plasma #164 also 
boundd a smaller protein (20 kD). IgE autoreactivity was also detected to extracts of the 
monocytee cell lines U937 and MonoMac (figure 4). Plasma #13 recognized a 32 kD protein 
alsoo in extracts of these cell lines. 

HeLa a 

Figur ee 3: IgE binding to extract of the 
humann cell line HeLa. The proteins were 
separatedd by 15% SDS-PAGE, and blotted 
onn nitrocellulose. The blot was probed with 
differentt sera, and the binding was detected 
withh the 125l-labeled anti-lgE. HRF-reactive 
plasmaa samples: #151, #193, #36, #13; 
non-HRFF reactive plasma: #164. 

1511 193 36 13 164 

7 5 —

64 4 
52 2 

39 9 

26 6 

21 1 

43 3 

322 , •• • 

15 5 

128 8 



StudiesStudies on the association between IgE autoreactivitv and laE-deoendent HRFs 

MonoMac c 
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U937 7 

64 4 
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39 9 

1511 19 3 3 6 1 3 
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211
188 • 

155 — • 
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Figuree 4: IgE immunoblot of extracts from the monocyte-like human cell lines (A) MonoMac and (B) U937. 
HRF-reactivee plasma samples #151, #193, #36, #13. 

Inn figure 5A it is shown that plasma #13 also recognized the protein under non-
reducingg conditions (apparent MW of 41 kD). Size-exclusion chromatography of the 100% 
SASS fraction of HeLa extract indicated that the 32 kD protein is in complex with other 
protein(s).. IgE binding of plasma #13 was strongest to the high molecular weight fraction 
(>555 kD) whereas this protein migrated at 32 kD on SDS-polyacrylamide gel (figure 5B). 

Sincee the IgE antibodies present in plasma samples #13 and #164 bound to an 
autoantigenn of the same molecular weight, these samples were studied in more detail. Since 

43 3 

322 —• 1 26 

21 1 

399

18 8 
15 5 

Figuree 5: Characterization of a HeLa cell-derived IgE antigen bound by plasma #13. (A) IgE binding of 
plasmaa #13 to extract reduced by DTT (lane 1) and under non-reducing conditions (lane 2). (B) Size 
exclusionn chromatography of 100% SAS precipitate of extracts from HeLa. Pool A (>55 kD) (lane 1); pool B 
(25-555 kD) (lane 2); pool C (10-25 kD) (lane 3), HeLa 100% SAS precipitate (lane 4). 
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bothh plasma samples happened to be RAST positive to seafood extracts (shrimp and/or cod 
fish),fish), it was studied whether the 32 kD protein on immunoblot was human tropomyosin 
30,3',, an important cross-sensitizing allergen. IgE against shrimps or chironomids were 
removedd from the plasma samples after which IgE binding to HeLa proteins was studied. 
Thee absorbed plasma samples still bound to the 32 kD protein, however the binding to the 
200 kD protein of plasma #164 was abolished by absorption with shrimp extract (figure 6). 
Absorptionn with chironomid extract did not change IgE binding. HeLa cells contain thus an 
IgEE autoantigen which cross-reacts with a shrimp allergen 

1 1 

399 • 

266 • 

211

Figur ee 6: Cross-reactivity between a human protein and a shrimp allergen. IgE to shrimp and chironomid 
extractt was removed from plasma samples #13 and #164. IgE binding on immunoblot to HeLa extract by 
thesee plasma samples before and after absorption was compared. Plasma #13 not absorbed, absorbed to 
shrimps,, or to chironomids (lane 1-3); plasma #164 not absorbed, absorbed to shrimps, or to chironomids 
(lanee 4-6). 

Preparationss containing native IgE autoantigens do not induce histamine 
release e 

Too determine whether the IgE binding proteins in extracts of human cells had 
histamine-releasingg activity, the stripped basophil assay was used. Plasma samples with IgE 
autoantibodiess (figure 3, 4) were tested. Despite strong IgE-reactivity to HeLa cell-derived 
autoantigenss on immunoblot, the histamine released by basophils sensitized by plasma 
sampless #13, or #164 in response to cell extracts of HeLa (3 mg/ml) was below 5%. Even 
inn the presence of the priming cytokine IL-3, no histamine release was induced. In another 
strippedd basophil experiment, no histamine release was found with basophils sensitized 
eitherr by plasma samples #13, or #151 in response to HeLa (3.5 mg/ml), U937 (1.5 mg/ml), 
orr MonoMac (1 mg/ml) extracts. Plasma samples #193 and #36 were both not responsive to 
HeLaa (3.1 mg/ml) or U937 (1.9 mg/ml) extracts. The same cellular extracts were used in 
thee immunoblot experiments as in the histamine release experiments. 

Thee results were remarkable since the IgE binding to human cellular extracts of 
especiallyy plasma samples #13 and #164, was very strong on immunoblot. The presence of 
aa factor inhibiting the histamine release in cellular extracts was excluded by stimulating 
basophilss sensitized by #13 with grass pollen (1.3 ug/ml) in the presence of HeLa extract (3 
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mg/ml).. The grass pollen-induced histamine release of basophils sensitized by #13 was not 
changedd by cellular proteins: 47% and 48% respectively in the presence and absence of 
humann cell extract. 

Histaminee release of basophils sensitized by serum from the atopic non-asthma 
andd mild asthma patients (n=82; 2 sera contained IgE autoantibodies to HeLa cellular 
extract)) described above in response to extract of HeLa (3 mg/ml) was also below 5%. 

Discussio n n 

Inn the present study we investigated whether IgE autoreactivity and reactivity to 
IgE-dependentt HRF are related phenomena. IgE-reactivity to HRF has been defined as the 
abilityy of certain atopic sera to sensitize stripped basophils to release histamine when 
exposedd to culture supernatants of human cells. This activity depends on special features of 
thee IgE antibodies in such sera and accordingly these sera were termed IgE+ 3. In view of 
studiess reporting that sera from atopic patients contain IgE autoantibodies 12l332

i w e 

consideredd the possibility that IgE+ sera contained autoreactive IgE antibodies which are 
directedd to cell-derived autoallergens. In this scenario IgE+ would be autoreactive IgE and 
HRFF an autoallergen, which might be released into the culture medium by secretion or cell 
death.. By receptor cross-linking of IgE+ by autoallergen on the surface of basophils, 
histaminee release might be induced, such as is the case for exogenous allergens. To address 
thiss hypothesis, HRF-reactivity of serum was determined in the stripped basophil assay 
usingg culture supernatant of human peripheral mononuclear cells as stimulus (chapter 5). 
Onn the other hand we determined the presence of IgE autoantibodies in atopic sera by IgE 
immunoblotting,, using a variety of human cell extracts (HeLa cells, epithelial cells, 
mononuclearr cells) in order to cover a broad spectrum of IgE autoantigens. However, we 
foundd no clear association between HRF-reactive IgE and IgE autoantibodies. Seven out of 
thee 26 HRF-reactive sera contained IgE antibodies, and 4 out of 26 non-HRF reactive sera 
exhibitedd IgE autoreactivity. These results suggested that IgE autoreactivity and IgE-
dependentt HRF reactivity are unrelated phenomena. 

Inn a group of atopic patients, five plasma samples with IgE binding to cellular 
extractss of the human cervix carcinoma cell line HeLa and/or monocyte-like cell lines were 
studiedd in more detail. The assumption that IgE autoantibodies to blotted proteins are not 
IgE++ antibodies was further supported by the observation that both an IgE+ plasma (#13) 
andd a IgE" (plasma #164) bound very strongly to a HeLa derived autoantigen of the same 
molecularr weight (32 kD). This protein was shown to be expressed in all cell types 
investigatedd in this study. The similarity between these two plasma samples was that they 
bothh contained IgE antibodies to fish and/or shrimp. We were therefore studied if the 32 kD 
autoantigenn cross-reacted with a shrimp allergen. The major allergen in shrimp is 
tropomyosinn . Tropomyosin (34-38 kD) is a cross-reactive muscle protein found in cells 
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off  both vertebrate and invertebrates 30,31. No IgE-reactivity to vertebrate tropomyosin has 
beenn found as yet34. However, we did not find cross-reactivity between the 32 kD protein 
andd tropomyosin from shrimp and/or chironomid. This finding does not disprove the 
hypothesiss that the 32 kD protein is human tropomyosin, but makes it less likely. Also in 
otherr studies, IgE antibodies to invertebrate tropomyosin did not cross-react with 
mammaliann tropomyosin 35. However, we found a 20 kD autoantigen recognized by non-
HRFF reactive plasma #164 that cross-reacted with a shrimp allergen. 

Anotherr argument that IgE autoreactivity and IgE-reactivity to HRF are distinct 
phenomenaa is that human cellular proteins failed to induce histamine release from basophils 
sensitizedd by five plasma samples containing western blot-detectable IgE. Despite IgE 
bindingg on immunoblot, no histamine releasing activity was found in cellular extracts from 
HeLa,, MonoMac, or U937. Even in the presence of IL-3, a cytokine which enhances IgE-
dependentt histamine release 36"38, basophils sensitized by plasma #13 failed to release 
histaminee in response to cellular proteins. There are several possibilities to explain the 
discrepancyy between IgE binding on immunoblot and the absence of histamine releasing 
activity.. First, the absence of histamine releasing activity might be caused by a histamine-
releasingg inhibitory factor. However, HeLa cellular proteins did not influence histamine 
releasee to D. glomerata. The second possibility is that the IgE-binding sites for autoreactive 
IgEE are exposed only after denaturation and/or reduction on immunoblot. However, the 32 
kDD protein was also recognized by plasma #13 under non-reducing condition on 
immunoblot.. By size exclusion chromatography it was shown that this protein eluted in the 
>555 kD fraction, which indicates that this protein might form polymers or complexes with 
otherr macromolecules possibly explaining the discrepancy. Whether these complexes are 
physiological,, or formed during the preparation of the extract, is not known. The IgE 
autoantibodiess might also be directed to cross-reactive carbohydrate determinants (CCD) 
whichh have been described to have a poor biological activity 39. Finally, it is possible that 
somee autoantigens identified on immunoblot are monovalent, and thus fail to cross-link IgE 
onn the surface of basophils. 

Thee lack of association between IgE autoantibodies and HRF-reactive IgE might 
bee caused by the fact that HRF,™ is not an autoallergen, but rather acts like a priming factor 
onn basophils. This is the case for recombinant IgE-dependent HRF p23 , which does not to 
bindd IgE 40'41. However, we recently described that the reactivity to HRF,™ is not identical 
too recombinant HRF p23 (chapter 5). The cross-reactivity between HRF™ and a grass 
pollenn allergen recently reported (chapter 7), is compatible with the hypothesis that HRFinn 

iss an autoallergen. Structural and immunological similarities between exogenous allergens 
andd human proteins have also been described for other proteins 32'42. Assuming that HRFmn 

iss an autoallergen, the lack of association between IgE binding on immunoblot and IgE-
reactivityy to HRF might be caused by the fact that different allergen sources were tested: 
cellularr extracts in case of blotted proteins, culture supernatant of stimulated cells in case of 
HRF.. Moreover, by conformational changes of the autoallergens due to dissociation, 

132 132 



StudiesStudies on the association between laE autoreactivitv and laE-dependent HRFR 

denaturationn and reduction, the epitope recognition by IgE might be suppressed or 
enhancedd on immunoblot. Previous results indicated that reducing conditions increase 
exposuree of epitopes for IgE 43. Alternatively, it is possible that the cells express different 
profiless and/or amounts of autoallergens depending on the culture conditions. Most likely, 
thee concentration of HRF/autoallergen in the cellular extracts is low compared to total 
protein,, particularly since the cells used for the preparation of the extracts were not 
stimulated. . 

Inn conclusion, no association was found between IgE-reactivity to HRFnin and IgE 
autoantibodiess to blotted human proteins. Moreover, the lack of certain cellular IgE 
autoantigenss to activate basophils to release histamine is in striking contrast to the 
definitionn of IgE-dependent HRF. So, not all autoantigens have HRF-like activities. 
However,, it is still a distinct possibility that HRFnin is an autoallergen that is not detectable 
byy the protocol used for immunobloting. Our study indicated that IgE autoreactivity on 
westernn blot and IgE-reactivity to HRF,™ are distinct entities that may coexist in atopic 
sera. . 
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Summar y y 

Cross-linkingg of IgE antibodies on the surface of mast cells induces an acute 
allergicc reaction. In some individuals exposed to allergen over a long time period, the 
allergicc disease becomes a chronic inflammation. In bronchial allergen provocation studies, 
thee acute reaction is followed by a late allergic reaction (LAR), which is used as a model 
forr the chronic allergic reaction. It is not known why some patients do and other patients do 
nott develop a LAR. However, a LAR is associated with bronchial hyperreactivity, which is 
inn turn related to bronchial inflammation. Since IgE-dependent histamine releasing factors 
(HRFs)) have been described to be present during the LAR, they were thought to play a role 
inn the LAR. HRF releases histamine from basophils only if a special type of IgE is present 
onn the surface. These HRF-reactive IgE antibodies are called IgE+. In this thesis the role of 
IgE++ in the induction of the LAR was studied using a chemokine-depleted culture 
supernatantt of stimulated human mononuclear cells as source of IgE-dependent HRF 
(HRFmn).. The hypothesis was that HRF is produced during the acute allergic reaction, and 
thatt basophils and other IgE+-containing cells are activated by this HRF causing a LAR. 

Beforee the hypothesis was tested, some technical issues had to be solved. As in 
previouss studies, the stripped basophil histamine release assay was used as tool to measure 
histamine-releasingg activity of HRF™,. In this assay human basophils are purified, stripped 
fromm their own IgE, and re-sensitized by incubation with IgE to be investigated. By 
stimulatingg basophils with IgE-dependent HRFnin preparations, IgE-reactivity was 
investigated.. In chapter 2, the bioassay was optimized, and the broader applicability of this 
bioassayy as a diagnostic test in allergy is discussed. The sensitivity as well as the maximal 
histaminee release was shown to be enhanced by interleukin-3 added simultaneously with 
thee stimuli to the cells. In general, the bioassay was less sensitive than the RAST. However, 
withh sera containing IgE antibodies against minor components the bioassay was shown to 
bee more sensitive. 

Moreoverr we studied the influence of IgE antibodies to components of the culture 
mediumm used for production of HRFnm. Because bovine serum albumin (BSA) is the main 
componentt of culture medium, IgE+ sera were tested in the BSA-RAST. We discovered that 
seraa positive in the stripped basophil assay for IgE to BSA were sometimes negative in the 
BSA-RAST.. In chapter 3, we demonstrate that soluble BSA, when present in the buffer 
conventionallyy used in the second reaction step in the RAST, eluted IgE antibodies bound 
inn the first reaction step in the BSA-RAST. 

Thee feature discriminating IgE+ from other IgE antibodies is not known. There are 
twoo hypotheses about IgE+: (i) IgE+ might be autoreactive IgE with HRF™ as the 
autoallergen.. (ii) IgE+ might be a structurally different IgE molecule, such as differently 
glycosylatedd IgE or an alternative splice variant. In this case HRF,™ might act on basophils 
ass a priming factor. 

InIn chapter 4 we tested the second hypothesis by investigating whether IgE+ is 
polymericc IgE. By size exclusion chromatography of IgE+ serum we showed that HRF,™ 
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reactss with monomeric and not (exclusively) with polymeric IgE. Thus, IgE+ reactivity to 
HRFmnn is, just like IgE reactivity to common allergens, conferred to basophils by monomeric 
IgE. . 

Inn chapters 7 and 8 we investigated the first hypothesis. If HRFmn is an 
autoallergen,, it was expected that IgE binding to the putative autoallergen would be 
detectablee by an immunoassay. We tried to detect autoallergens in HRFmn preparations 
partiallyy purified by size exclusion chromatography and BSA-depletion (chapter 7), and in 
extractss of human cells (chapter 8). In chapter 7 we described that the HRFmn preparation 
containss at least two active factors: (i) an "autoallergen-like factor" that only releases 
histaminee in an IgE-dependent manner if a particular serum is present and (ii) a priming 
factor,, which upregulates allergen-induced histamine release even of basophils that are not 
directlyy triggered by HRFni„ . However, no binding of IgE+ serum to the autoallergen-like 
factorr was detected in a RAST or a radio-immunoprecipitation assay. The concentration of 
thee autoallergen might be too low for detection in IgE-binding assays. By removal of IgE to 
grasss pollen from IgE+ serum, it was demonstrated that, in selected cases, HRFmn is cross-
reactivee with a grass pollen allergen. These results are compatible with the hypothesis that 
HRFmnn is an autoallergen. 

Thee second study concerning the "autoallergen" hypothesis was based on the 
resultss of the group from Vienna, which found autoreactive IgE antibodies to proteins in 
humann cell extracts on immunoblot in serum of atopic dermatitis patients. In chapter 8 it 
wass shown that 9 out of 52 sera from atopic patients showed IgE binding to blotted human 
proteinss present in cellular extracts. However, immunoblot-reactive IgE was not associated 
withh HRFIlin-reactive IgE. It is possible that HRFmn was not present in the cellular extracts, 
orr that the concentration was too low for detection. Thus, the immunoblotting technique 
withh cellular extracts is also not suitable to study IgE". Five plasma samples with 
immunoblot-reactivee IgE were studied in more detail. It was demonstrated that cell extracts 
thatt bound IgE on immunoblot did not induce histamine release in appropriately sensitized 
basophils.. By size exclusion chromatography of cellular extracts it was shown that this 
discrepancyy might be caused by the fact that the proteins are in complex with other 
macromolecules. . 

Basedd on the results described above, the main study concerning the role of IgE in 
allergicc reactions was analyzed using the stripped basophil assay (chapter 5). It was shown 
thatt serum of 42% of atopic non-asthmatic subjects (n=33) and serum of 45% of patients 
withh mild asthma (n=49) contained IgE-reactivity to HRFinn, while such reactivity was not 
detectablee in serum of 15 non-atopic subjects. IgE-reactivity to HRFnm was not closely 
correlatedd to reactivity to recombinant HRF (rHRF) p23. Thus, HRFmn is presumably not 
thee same factor as rHRF p23. The hypothesis that IgE+ induced a late allergic reaction was 
testedd in a well-defined group of patients participating in a bronchial allergen provocation 
study.. Unexpectedly, HRFmn-reactive IgE was not required for a late allergic reaction. In 
thee mild asthma group even a negative association was found between HRFmn-reactive IgE 
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andd a late allergic reaction. These results suggested that IgE-reactivity against HRFmn might 
bee a protective factor in allergy. To test this possibility an additional group (n=27) of severe 
asthmaa patients was tested (chapter 6). Since the serum of the large majority (81%) of these 
patientss contained HRF^-reactive IgE, a protective role for IgE-reactivity to HRFmn is very 
unlikelyy and it rather seemed to be a risk factor for severe asthma. Moreover, in another 
chronicc atopic disease, atopic dermatitis, HRFmn-reactive IgE is also common: in 77% the 
serumm was positive for IgE-reactivity to HRFmn (n=13). The unexpected negative 
associationn between IgE+ and a LAR (chapter 5) might indicate that these two 
characteristicss (IgE+ and the tendency to give a LAR upon allergen contact) are 
independentt risk factors for severe asthma. Patients with both factors present would then be 
moree likely to be severe asthma patients. For this reason they may have been excluded from 
participationn in the allergen provocation study. 

Takenn all results together we came to the following hypothesis: HRFmn is an 
autoallergenn that is released during the late allergic reaction. If IgE antibodies with (cross)-
reactivityy to HRFmn are also present, the subsequent IgE-mediated reaction to the HRFI1W 

prolongss and aggravates the allergic inflammatory reaction. It is possible that IgE+ is 
inducedd by endogenous allergens released during a chronic allergic reaction, or, 
alternatively,, that IgE+ is induced by an exogenous allergen. Since IgE+ is (at least is some 
cases)) cross-reactive with a grass pollen allergen, the latter hypothesis seems most likely. 
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Samenvattin g g 
Allergischee patiënten vormen allergische antistoffen (IgE antistoffen) tegen 

allergenenn (bijvoorbeeld huisstofmijt). Deze IgE antistoffen komen vrij in het bloed voor, 
enn gebonden aan de bepaalde cellen: mestcellen in de weefsels, en basofielen in het bloed. 
Alss een allergeen het lichaam inkomt (bijvoorbeeld via de longen) bij een allergisch 
persoon,, dan worden allergeen-specifïeke IgE antistoffen op de mestcellen met elkaar 
verbondenn door dit allergeen. Dit veroorzaakt uitscheiding van allerlei stoffen, zoals 
histamine,, die een acute allergische reactie veroorzaken. Bovendien worden er stoffen 
geproduceerdd die weer andere cellen aantrekken en stimuleren, zoals basofielen, 
eosinofielen,, lymfocyten en monocyten. Soms duurt de allergische reactie, zoals bij astma, 
nogg weken voort (de chronische allergische reactie). Om de mechanismen van allergische 
reactiess te onderzoeken kan onder andere gebruik gemaakt worden van een allergeen-
inhalatieprovocatietestt Hierbij ademt de patiënt een allergeen-nevel in, en wordt de 
allergischee reactie in de luchtwegen bestudeerd door de luchtwegvernauwing te meten. Na 
dee acute allergische reactie blijkt bij sommige patiënten 6 tot 12 uur later, zonder dat er 
weerr contact is met allergeen, een tweede reactie op te treden (de late allergische reactie). 
Dee late allergische reactie wordt als model gebruikt voor de chronische allergische reactie, 
omdatt de reacties veel overeenkomsten vertonen. Het is niet duidelijk hoe de cellen in de 
latee en chronische reactie gestimuleerd worden. De hypothese was dat de late en de 
chronischee allergische reactie veroorzaakt worden door de reactie op lichaamseigen 
eiwitten.. Er zijn factoren beschreven, de "histamine-releasing factors" (HRF), die histamine 
vrijmakenn uit basofielen alleen als er een speciaal soort IgE antistoffen (HRF-reactive 
antistoffen)) aanwezig zijn op de oppervlakte van deze cellen. Er werd gedacht dat de 
activatiee van basofielen door HRF de oorzaak was van de late allergische reactie, en dat 
HRFF bovendien een rol speelde in de chronische allergische reactie. In dit proefschrift is 
dezee hypothese getest, gebruikmakend van kweekvloeistof van menselijke witte 
bloedcellenn waarin IgE-afhankelijke HRF aanwezig is (HRF,™). 

Voordatt het feitelijke onderzoek begon werd de bruikbaarheid bestudeerd van 
verschillendee methoden om IgE antistoffen tegen een bepaald allergeen aan te tonen. Ten 
eerstee is er een biologische assay: de basofiel assay, waarbij getest wordt of een allergeen in 
staatt is IgE op een basofiel te binden en histamine uit deze cellen vrij te maken. Voor deze 
assayassay worden menselijke basofielen gebruikt die gezuiverd worden uit bloed; de IgE 
antistoffenn die zich op de oppervlakte van de cellen bevinden worden verwijderd met een 
zuree buffer. Vervolgens wordt IgE uit serum dat onderzocht moet worden op de basofiel 
gebondenn (sensibilisatie van de basofiel). Na stimulatie met allergeen wordt de uitstoot van 
histaminee gemeten. In hoofdstuk 2 toonden wij aan dat de gevoeligheid en de maximale 
histaminee release verhoogd kunnen worden door samen met de het allergeen extract 
interleukine-33 aan de cellen toe te voegen. Interleukine-3 is een potentiërende factor voor 
basofielen,, d.w.z. het verlaagt de activatie-drempel voor de histamine uitstoot door andere 
stimulii  zonder dat het zelf in staat is histamine vrij te maken uit basofielen. Ten tweede is 
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err gebruik gemaakt van IgE-bindingstesten. De radioallergosorbent test (RAST) is een 
veelgebruiktee test in de allergie diagnostiek. In deze bepaling wordt IgE binding 
aangetoondd aan allergeen extract dat gekoppeld is aan een vaste fase, gebruikmakend van 
radioactieff  gelabelde anti-IgE antistoffen. De toepassing van de basofiel assay in de allergie 
diagnostiekk wordt beschreven in hoofdstuk 2. De RAST bleek in het algemeen gevoeliger 
tee zijn dan de basofiel assay. Alleen in gevallen waarbij er IgE voorkomt in serum tegen 
componentenn die in lage hoeveelheden (<0.1%) in een allergeen extract aanwezig zijn, is de 
basofiell  assay gevoeliger. Bij controle experimenten tijdens onze studie naar HRF,™-
reactieff  IgE, bleek dat het rundereiwit BSA (bovine serum albumine) dat aanwezig is 
tijdenss de incubatie met anti-IgE in de RAST en dat tevens het hoofdbestanddeel is van ons 
HRFmn-preparaatt (onderdeel van het kweekvloeistof van cellen), IgE van de vaste fase te 
eluerenn in de RAST (hoofdstuk 3). 

Omm te bepalen welke methoden het best gebruikt konden worden in ons onderzoek 
naarr de rol van HRFmn-reactief IgE in de late allergische reactie, werd onderzocht waarom 
sommigee IgE antistoffen wel en andere niet met HRFmn reageren. Er zijn twee hypotheses: 
(i)) HRFmn-reactief IgE is structureel anders dan ander IgE. Er bevinden zich bijvoorbeeld 
anderee of extra suikerstructuren op dit IgE antistof, of de speciale reactiviteit wordt 
veroorzaaktt doordat meerdere IgE moleculen aan elkaar gebonden zijn (polymeer IgE). 
HRFmnn zou dan een potentièrend effect op de basofiel hebben. Dus alleen als zowel een 
bepaaldd soort IgE én HRFmn (wellicht via een eigen receptor) binden is er volledige basofiel 
activatie.. (ii) HRFmn-reactief IgE is autoreactief IgE. Dus behalve dat er IgE antistoffen 
bestaann tegen allergenen afkomstig van bronnen buiten het lichaam (mijten, graspollen etc), 
zoudenn er ook IgE antistoffen bestaan tegen menselijke eiwitten (o.a. HRFmn). HRFmn zou 
inn dit geval dus een autoallergeen zijn. 

InIn hoofdstuk 4 is de eerste hypothese getest met de vraag of IgE-reactiviteit op 
HRFmnn veroorzaakt wordt door polymeer IgE. Hiertoe is HRFmn-reactief serum 
gefractioneerdd over een kolom die eiwitten scheidt op grootte. Vervolgens is gekeken welke 
fractiess basofielen kunnen sensibiliseren om histamine vrij te maken na stimulatie met 
HRFmn-- HRFmn bleek te reageren met monomeer IgE. Er kan dus geconcludeerd worden dat 
HRFmn-reactieff  IgE niet (uitsluitend) polymeer IgE is. 

InIn hoofdstuk 7 en 8 is de hypothese bestudeerd dat HRFmn-reactief IgE autoreactief 
IgEE is. Als dit het geval is, dan zou wellicht deze IgE binding aan HRFmn gebruikt kunnen 
wordenn om beide factoren (IgE+ en HRF,™) aan te tonen. Echter zelfs in de meest reactieve 
seraa konden we geen IgE binding aan HRFmn aan tonen met gevoelige immunochemische 
bepalingenn (hoofdstuk 7). Er bleek echter wel een stof in het HRFmn-preparaat aanwezig te 
zijnzijn die de allergische reactie kon versterken in de bioassay. Wellicht is de concentratie 
autoallergeenn in het HRFmn-preparaat te laag voor detectie met een IgE-bindingtest, terwijl, 
dankzijj  de versterkende factor, wel IgE-afhankelijke activiteit in de bioassay aantoonbaar 
is.. In sommige sera bleek HRFmn kruisreactief te zijn met een graspollen allergeen: bij 4/5 
HRFmn-reactievee sera resulteerde verwijdering van IgE tegen graspollen in een aanzienlijke 
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verminderingg van de reactiviteit op HRF™. Dit is compatibel met de hypothesis dat HRF^ 
eenn autoallergeen is, en dat het structureel lijk t op een graspollen allergeen. 

Dee tweede studie naar de hypothese of IgE reactiviteit op HRF™ veroorzaakt werd 
doorr autoreactief IgE, was gebaseerd op resultaten van een onderzoeksgroep uit Wenen. Zij 
toondenn aan dat er in serum van allergische eczeem patiënten IgE autoantistoffen aanwezig 
zijnzijn tegen menselijke eiwitten aanwezig in cel extracten. Er werd gebruik gemaakt van de 
immunoblot-techniek,, waarbij IgE binding bestudeerd wordt aan gedenatureerde en 
gereduceerdee eiwitten, die gescheiden zijn onder invloed van een elektrisch veld. In 
hoofdstukk 8 hebben we gekeken of in serum van allergische patiënten met en zonder astma 
ookk IgE tegen eiwitten in menselijke celextracten voorkomen, en of deze IgE antistoffen 
ookk reactiviteit tegen HRF™ vertoonden. Het bleek dat er in 9/52 sera van atopische 
patiëntenn IgE antistoffen tegen menselijke eiwitten aangetoond konden worden op 
immunoblot.. Immunoblot-reactieve IgE antistoffen waren echter niet geassocieerd met de 
aanwezigheidd van HRFmn-reactief IgE. Ook de immunoblot-techniek is dus niet geschikt 
omm HRFmn-reactief IgE aan te tonen. Het is mogelijk dat HRF,™ afwezig is in de 
celextractenn of dat de concentratie te laag is voor detectie. Vij f plasma samples met 
immunoblot-reactieff  IgE werden in meer detail bestudeerd. Ondanks sterke IgE-binding op 
immunoblott konden we geen activiteit vinden in de bioassay. Fractionering van celextract 
overr een kolom toonde aan dat tenminste één menselijke eiwit waaraan IgE binding op 
immunoblott was aangetoond, in complex was met andere eiwitten. Dit zou kunnen 
verklarenn waarom het celextract geen activiteit had in de basofiel assay. 

Inn hoofdstuk 5 is de rol van HRFmn-reactief IgE in de allergische reactie 
bestudeerd.. Eerst is er gekeken of er een statistisch verband bestond tussen de HRIv,-
reactievee IgE antistoffen en ziekteverschijnselen. Op basis van ons vooronderzoek is de 
basofiell  assay gebruikt om de reactiviteit op HRF™ te meten. De HRFmn-reactieve IgE 
antistoffenn bleken aanwezig te zijn in het bloed van 42% van allergische patiënten zonder 
astmaa (n=33), en in 45% van allergische patiënten met een milde vorm van astma (n=49), 
terwijll  ze afwezig waren in niet-allergische controles (n=15). Vervolgens werd de 
hypothesee getest dat HRF™ en HRFinn-reactief IgE samen een late allergische reactie 
veroorzaken.. Dit werd bestudeerd bij allergische patiënten bij wie na inademing van 
huisstofmijtt in een allergeen-inhalatieprovocatietest al dan niet een late allergische reactie 
optrad.. In tegenstelling tot de hypothese bleek dat HRFmn-reactief IgE niet noodzakelijk 
wass voor een late allergische reactie. Bovendien bleek in de milde astma groep de 
aanwezigheidd van IgE tegen HRF^ negatief geassocieerd te zijn met een late allergische 
reactie.. Deze resultaten leken er op te wijzen dat IgE tegen HRF ,̂ een beschermende factor 
is.. Dit werd tegen gesproken door onze tweede patiëntenstudie (hoofdstuk 6). Bij ernstige 
allergischee astma patiënten had 81% (n=27) IgE tegen HRF .̂ Bovendien bleek bij 77% 
vann allergische eczeempatiënten (n=13) IgE-antistoffen tegen HRF,™ te hebben. HRFmn-IgE 
lijk tt eerder een risicofactor te zijn voor ernstige vormen van allergie. Of de productie van 
IgE++ de oorzaak of gevolg van een chronische allergische reactie is, is niet duidelijk. Het 
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feitt dat IgE+ kruisreactief met een graspollen allergeen wijst erop dat IgE+ ontstaat tijdens 
eenn allergische reactie op een exogeen allergeen. De aanwezigheid van HRFnin-IgE in 
serumm en het voorkomen van een late allergische reactie na allergeen blootstelling lijken 
onafhankelijkee risico factoren te zijn zijn bij ernstige astma. De gevonden negatieve 
associatiee tussen HRFmn-IgE en een late allergische reactie in de astma groep (hoofdstuk 5) 
werdd mogelijk veroorzaakt door het feit dat de ernstige astma patiënten (met zowel een late 
allergischee reactie én HRFnm-reactief IgE?) niet aan de provocatiestudie konden meedoen. 

Opp basis van de resultaten beschreven in dit proefschrift en van het feit dat in de 
literatuurr beschreven is dat HRF™ aanwezig is tijdens de late allergische reactie, werd een 
nieuwee hypothese geformuleerd: HRF™, wordt waarschijnlijk uitgescheiden door 
allergischee cellen tijdens de late allergische reactie na een reactie op een gewoon allergeen 
(bvv huisstofmijt). Als er ook IgE-antistoffen tegen graspollen aanwezig zijn die 
kruisreactieff  zijn met HRFmn/autoallergeen, dan veroorzaakt de daaropvolgende IgE-reactie 
eenn langdurigere en ernstigere vorm van allergie en/of astma. 
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computerr is over). Ook alle mensen die gekomen zijn en gegaan (Janine, Agnes, Olga, 
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Tjalling,, ik vond het erg leuk dat julli e me kwamen helpen met de blotjes. De mensen van 
dee diagnostiek, bedankt voor het inzetten van alle allergietesten van de patiënten, en de 
gezelligheidd in de koffiekamer. 

Robb wil ik bedanken voor zijn niet te stoppen enthousiasme. Als ik de resultaten al bijna de 
prullenbakk ingegooid had, zag ji j altijd nog iets positiefs. Jaring, bedankt voor het 
selecterenn van de patiënten, en de snelle reactie als ik toch nog meer serum nodig had. Ook 
Wendyy en Fatima ben ik veel dank verschuldigd voor het telkens maar weer faxen van 
handtekeningen,, printen van hoofdstukken, schrijven van begeleidende briefjes, etc. Jullie 
krijgenn nog een zak drop! 

Verderr wil ik de mensen van het vroegere Celchemie (Dirk Roos, Erik, Johan, en vele 
andere)) bedanken dat ik gebruik mocht maken van de faciliteiten van julli e lab, vooral in de 
beginfasebeginfase van mijn onderzoek. Anton, bedankt voor het helpen ringen oogsten, als ik weer 
netnet ietsje te laat terug was. Verder Sonja, voor alle tips voor het layouten van dit boekje. 
Hierbijj  moet ik ook zeker Ed bedanken, die mij meerdere malen uit de brand geholpen 
heeftt als de computer weer vastgelopen was en bij andere computerperikelen. 
OokOok dank aan alle donoren, die steeds maar weer vrijwilli g een buffy afstonden. Zonder 
julli ee was het hele onderzoek niet mogelijk geweest. André, fijn dat je op elk gewenst 
momentt beschikbaar was. De plasmaferese-dames, Anneke, Endah, en in het begin Gisela 
enn Ferrina, wil ook bedanken voor de snelle en goede bereiding van de buffy's. 
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Natuurlijkk ook alle vrienden en familie bedankt voor de steun en begrip, als julli e steeds 
maarr weer te horen kregen dat ik geen tijd en het erg druk had. Gert en Nanda, ook hartelijk 
bedanktt voor julli e bijdrage. En tenslotte Olaf, speciale dank aan jou, voor de steun en 
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