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Summary and Discussion 

Basophilic granulocytes have been demonstrated in the lung and in the sputum 
of patients with allergic asthma. Because the histamine found in the late-phase 
reaction is thought to be derived from basophilic granulocytes, it is important to 
investigate the mechanisms of basophil activation. 

First we evaluated the effect of thapsigargin on histamine release of 
purified (70 to 97% pure) human basophils. Thapsigargin inhibits the re-uptake 
of Ca2+ in the stores of the endoplasmatic reticulum, which leads to a gradual 
increase in cytosolic free Ca2+. This emptying of the intracellular Ca2+ stores 
made the basophils extremely sensitive for IL-3, IL-5 or GM-CSF, and thus 
induced enhanced histamine release. These cytokines alone are not able to 
induce histamine release from purified basophils of non-allergic donors. In 
combination with thapsigargin, however, picomolar concentrations of IL-3, IL-5 
or GM-CSF already induced histamine release. Thus, the cytokines IL-3, IL-5 
and GM-CSF exert a priming effect on basophil histamine release that awaits a 
complementary signal, probably generated as a consequence of prolonged 
depletion of intracellular Ca2+ stores, before degranulation can occur. The most 
likely explanation for the effect of thapsigargin on cytokine-induced 
degranulation of basophils is its effect on Ca2+ homeostasis in these cells, 
because the effect of thapsigargin was duplicated by two other Ca2+-ATPase 
inhibitors, cyclopiazonic acid (CPA) and dibutylbenzohydroquinone (DBHQ), 
albeit with a lower efficacy. The effect of thapsigargin was mimicked by the 
receptor agonist PAF, but to a lower extent. The lower efficacy of PAF might 
either be due to the transient nature of the elevation in [Ca2+]i and/or to the 
transient Ca2+ store depletion induced by PAF. We propose that the inability of 
IL-3, IL-5 and GM-CSF to induce histamine release is caused by the lack of 
these agents to affect the Ca2+ homeostasis in basophils. Recently, it has been 
demonstrated that some members of the C-C group of chemokines, such as 
RANTES, MCP-1 and MCP-3, can induce histamine release from human 
basophils. Interestingly, these chemokines do induce changes in [Ca2+], by 
themselves, which might explain the degranulative properties of these 
chemokines. However, we observed that the Ca2+ ionophore A23187 did not 
complement the cytokine signals in human basophils, indicating that an increase 
in [Ca2+]i per se is not sufficient for cytokine-induced histamine release. 
Furthermore, we found a pronounced effect of thapsigargin on the kinetics of 
histamine release induced by PMA (much faster with thapsigargin than without). 
This shows that activation of PKC alone (by PMA) is insufficient for the induction 
of efficient basophil degranulation, but requires additional signalling. The 
accelerated histamine release after PMA stimulation of thapsigargin-treated 
cells is in agreement with previous findings demonstrating optimal PMA effects 
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within 10 min when e.g. measuring homotypic aggregation of human basophils. 
In other words: PMA is able to induce fast basophil responses, but only those 
that do not require high [Ca2+]j levels. Histamine release does require increased 
[Ca2+]i , and therefore is only quickly induced by the combination of PMA and 
thapsigargin. 

The results of our study on the effects of thapsigargin on basophil 
degranulation has two implications. First, the cytokines IL-3, IL-5 and GM-CSF 
exert a priming effect on basophil histamine release that needs a 
complementary signal, probaly generated as a consequence of prolonged 
depletion of intracellular Ca2+ stores, before degranulation can occur. Second, 
the role of changes in intracellular free Ca2+ ions should be taken into account 
when studying the degranulation mechanism of basophils. 

To study the nature of the intracellular signals that are complemented by 
thapsigargin, we examined tyrosine phosphorylation patterns of highly purified 
basophil preparations. We detected an enhanced tyrosine phosphorylation 
pattern after stimulation with anti-lgE. Pattern and kinetics of protein tyrosine 
phosphorylation differed from those seen after stimulation with C5a or fMLP. 
However, incubation with IL-3 did not produce a phosphorylation pattern that 
was essentially distinct from that observed after stimulation with anti-lgE, 
although IL-3 does not induce histamine release and anti-lgE does. Apparently, 
both protein tyrosine phosphorylation and [Ca2+]i elevation are necessary for 
basophil degranulation. Thapsigargin did not change the phosphorylation 
pattern, but did affect the kinetics of phosphorylation. Studies with genistein (a 
general inhibitor of tyrosine kinases), wortmannin (an inhibitor of Pl-3kinase) 
and piceatannol (a specific inhibitor of the tyrosine kinase Syk) did not provide 
coherent data. It is tempting to ascribe the phosphorylation pattern to proteins 
such as PLCy, FAK, Vav or PI3-kinase, but besides Syk these proteins were not 
demonstrated to be phosphorylated. Furthermore, small amounts of inevitable 
contaminating monocytes (<5%) interfered with the phosphorylation patterns of 
the basophils, rendering the results hard to interpret. Moreover, we found that 
monocyytes contain substantially higher amounts of Syk than do basophils. 
Because monocytes express receptors for IgE, although these are of ayy type, 
selective activation of basophils was not possible. In addition, it is likely that 
similar to histamine release also the (kinetics of) phosphorylation patterns vary 
between donors. 

Then we investigated whether histamine release correlates with 
production of LTC4 and PAF. The effects of the main stimuli of human 
basophils, as well as thapsigargin, on the production of PAF in comparison to 
LTC4 production had three main aspects. First, for all stimuli except IL-3 in 
combination with thapsigargin, increased PAF levels were transient. Because 
the RIA we used detects PAF but not lyso-PAF, it is likely that the decrease of 
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PAF in time was due to conversion of PAF to lyso-PAF by PAF-acetylhydrolase. 
Because the kinetics of the PAF decrease per stimulus were comparable with 
the kinetics of histamine release by that same stimulus, we postulate that PAF-
acetylhydrolase is stored and released by human basophils. PAF-
acetylhydrolase has been detected in mast cells and is likely to reside in 
basophils as well. So, when measuring PAF, one should study the kinetics of its 
formation, because of the possibility of simultaneous release of PAF-
acetylhydrolase. Second, the pattern of PAF production usually resembled that 
of LTC4 production, i.e. no detectable production after incubation with C5a or 
PMA alone, apparent production after fMLP stimulation that is enhanced by IL-3 
priming, and production after stimulation with C5a in combination with IL-3 as 
well after stimulation with PMA in combination with thapsigargin. Furthermore, 
thapsigargin rendered basophils susceptible for not only histamine release but 
also for LTC4 and PAF production by IL-3. We speculate that it is the 
combination of raised intracellular free Ca2+ concentration or empty Ca2+stores 
by thapsigargin and activation of MAPkinase by IL-3 that caused this quite 
strong activation. Third, there was a remarkable low production of PAF after IgE 
receptor activation, although there was a considerable LTC4 production and 
histamine release under these conditions. So, the production of PAF was not 
consistently corresponding to LTC4 production. Because phospholipase A2 

(PLA2) catalyzes the hydrolysis of phospholipids, it causes the release of 
arachidonic acid, the precursor for the biosynthesis of prostaglandins and 
leukotrienes. Furthermore, lyso-PAF, which is rapidly acetylated to PAF, is the 
lysophopholipid that remains when PLA2 hydrolyzes (alkyl)phosphatidylcholine. 
Therefore, we investigated the effect of two inhibitors of the cytosolic form of 
PLA2 (cPLA2) on production of PAF and LTC4. Inhibition of cPLA2 resulted in a 
dose-dependent inhibition of PAF and LTC4 production. Therefore, we conclude 
that cPLA2 is involved in the hydrolysis of those phospholipids that, yield 
precurors for the production of PAF anf LTC4. 

Because, as mentioned above, thapsigargin complements cytokine-
induced histamine release, we determined whether thapsigargin could reveal 
previous exposure of basophils to cytokines. Indeed, in vitro exposure of 
basophils to IL-3 was displayed by histamine release after subsequent addition 
of thapsigargin. Also exposure to IL-5 or GM-CSF was revealed by thapsigargin, 
but IL-3 was the most potent stimulus. Because IL-3, IL-5 and GM-CSF are 
found at sites of allergic inflammation, we examined whether basophils of 
patients with allergic asthma showed an enhanced thapsigargin-induced 
histamine release. For this purpose, we compared the histamine release 
induced by various stimuli in a group of allergic asthmatics and in three control 
groups. Because it was not feasible to obtain 500 ml of blood, required for 
basophil purification, from numerous patients, we studied whether also in non-
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purified leukocyte suspensions thapsigargin could detect previous exposure of 
the cells to these cytokines. Although the histamine release upon thapsigargin 
stimulation was not identical between purified and non-purified basophils, 
priming was clearly detectable and dose dependent. Basophils of patients with 
allergic asthma did not differ significantly in spontaneous histamine release or in 
histamine release induced by anti-lgE, C5a, fMLP or PMA from basophils of 
controls, from patients with non-allergic, non-asthmatic lung ailments or from 
patients with non-allergic asthma. For these stimuli no more than a trend of 
increased histamine release in the patient group with allergic asthma was found. 
Also combinations of anti-lgE or PMA with thapsigargin did not result in a 
different amount of histamine released by basophils from the four groups. 
However, the basophils from the group of patients with allergic asthma showed 
a significantly higher percentage of histamine release induced by thapsigargin 
than did basophils of patients with a non-allergic, non-asthmatic pulmonary 
disease, patients with non-allergic asthma or healthy controls. We considered 
that this is caused by in vivo priming of the basophils from the allergic asthmatic 
patients. In this respect, thapsigargin is a sensitive tool, because the difference 
in thapsigargin-induced histamine release was significant, although the amounts 
of priming cytokines in the studied groups must have been low, because other 
stimuli did not demonstrate significantly different histamine release between the 
four groups. We assume that basophils of patients with other allergic disorders, 
such as allergic rhinitis, or allergic dermatitis, will show the same enhanced 
thapsigargin-induced histamine release, but this remains to be proven. 

Because previously an increase in serum IL-5 levels at 6 and 24 hrs after 
bronchial allergen challenge has been found that was in accordance with a 
raised level of IL-5 in induced sputum after bronchial allergen challenge, we 
examined whether within a group of asthmatic patients, allergen challenge 
affected the priming status of basophils. Priming status was again determined 
by measuring the thapsigargin-induced histamine release. We measured the 
spontaneous histamine release and the histamine release induced by C5a, 
fMLP, anti-lgE, allergen, IL-3, IL-3 + thapsigargin, PMA + thapsigargin and 
thapsigargin alone at several timepoints after bronchial allergen challenge. 
Inhalation of house dust mite extract resulted in a late-phase allergen response 
(defined as a decrease in FEV1 of 15%) in 6 patients. It resulted also in an 
increase in the number of circulating eosinophils, which was most pronounced 
at 24 hrs. The effect of allergen challenge on the histamine release of basophils 
was diverse. Neither spontaneous histamine release nor histamine release 
induced by established stimuli of different activation routes of basophil 
degranulation were affected by allergen challenge. Allergen challenge did not 
affect histamine release induced by C5a or fMLP. Also cross-linking of the IgE 
on the Fee receptor by anti-lgE or mite extract was not influenced by allergen 
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challenge, as has been reported for metachromatic cells in broncho-alveolar 
lavage fluids. PMA in combination with thapsigargin (in our hands a very strong 
stimulus and considered by us as a standard for maximal degranulation) was 
also not significantly affected by allergen challenge. IL-3 alone (500 pM) 
induced a significant increase in histamine release above spontaneous release. 
However, no influence of allergen challenge was noticeable. Also the histamine 
release induced by thapsigargin in combination with additional 'priming' by IL-3 
was not influenced by allergen challenge. Only histamine release induced by 
thapsigargin alone was influenced by allergen challenge. At 24 hrs after allergen 
challenge, the histamine release induced by thapsigargin was significantly 
increased. This increase correlated with a detected increase in serum IL-5 
levels at 24 hrs after allergen challenge. 

When the individual data were studied, it appeared that in the five 
subjects with the highest thapsigargin-induced histamine release at baseline, 
the histamine release initially (at 30 min) decreased. This was followed by a 
general increase (8 out of 10) in the thapsigargin-induced histamine release at 
24 hrs after allergen challenge. One week after allergen challenge the histamine 
release induced by thapsigargin had returned to baseline levels. The variable 
initial response (30 min and 6 hrs after allergen challenge) did not appear to be 
just regression to the mean, because the individual responses appeared to be 
reproducible in the six patients who were challenged a second time. There was 
no difference in lung function at baseline, extent of the early- or late-phase 
allergen response, bronchial hyperresponsiveness, allergen dose, eosinophil 
counts, total or specific IgE between patients with an initial increase or decrease 
in the thapsigargin-induced response. The heterogeneity of the initial response 
may be caused by a different outcome of two competing mechanisms, i.e. 
recruitment of activated basophils from the circulation to the airways and 
recruitment and priming of basophils from the bone marrow. It has been found 
that bone marrow of asthmatic patients responds within 6 hrs to allergen 
challenge with increase in eosinophil/basophil colony-forming units. 
Furthermore, levels of adhesion molecules such as ICAM-1 have been 
described to be affected by allergen challenge, leading to raised levels in serum 
and broncho-alveolar lavage fluids and a change in proportion of T cells 
expressing adhesion molecules. Thus, the initial decrease in thapsigargin-
induced histamine release of basophils in the circulation after allergen challenge 
seen in the group with the highest baseline priming status could be due to 
extravasation of basophils that are activated above a certain level and migrate 
to the lung. However, evidence for such a disappearance of (a subpopulation of) 
basophils is extremely difficult to obtain because there is no specific marker for 
establishment of the 'age' of basophils, and even a good quantitative evaluation 
of basophil number in peripheral blood is not possible. We hypothesize that the 
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uniformly enhanced thapsigargin-induced histamine release 24 hrs after 
allergen challenge might be explained by the production and release of 
cytokines, which leads to priming of basophils. 

In conclusion, we studied the intracellular signals that are complemented 
by thapsigargin and lead to histamine release by human basophils. We also 
examined the production of PAF and LTC4 by stimulated human basophils. 
Furthermore, we used thapsigargin-induced histamine release as a tool to 
determine the priming status of human basophils. In this way we investigated 
the priming status of basophils from patients with an allergic disease and the 
effect of bronchial challenge on this priming status. 
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