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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). 

Profilinn 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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