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Chapter 5 

Abstract 

lnterleukin-3 (IL-3), IL-5 or granulocyte macrophage-colony stimulating factor 
(GM-CSF) are not able to induce histamine release in purified basophils of non-
allergic donors. However, we have recently found that preincubation with 2 uM 
thapsigargin, which induces a rise in intracellular free calcium ions, renders 
human basophils extremely sensitive for IL-3, IL-5 or GM-CSF, leading to 
enhanced histamine release. Also in the reverse order (first cytokine then 
thapsigargin), histamine release was induced. Because these cytokines are 
supposed to be increased in allergic inflammation, we examined whether 
basophils of patients with allergic asthma showed an enhanced response to 
thapsigargin. 

We measured the histamine release induced by thapsigargin in a group 
of allergic asthmatics (AA, n=24) and compared this to three control groups. 
One group consisted of healthy controls (C, n=21), a second group of patients 
with a non-allergic, non-asthmatic lung disease (LD, n=22) and a third group of 
patients with non-allergic asthma (NAA, n=9). 

There was no difference in spontaneous histamine release. Also no 
significant difference in histamine release was found when anti-lgE or fMLP was 
used as a stimulus. Histamine release induced by IL-3 alone or a combination of 
IL-3 and thapsigargin did not differ either. In contrast, the basophils from group 
AA showed a significantly higher percentage of histamine release induced by 
thapsigargin (38.2±13.2%) than did basophils of the three control groups (C 
22.5±6.9%; LD 24.9±8.9%; NAA 15.0±3.0%, all mean±SD). 

These data indicate that basophils in peripheral blood of allergic 
asthmatics have a primed phenotype and that thapsigargin-induced histamine 
release is a practical tool to study this phenomenon. 
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Introduction 

In allergic disorders such as allergic asthma, basophils have been demonstrated 
to reside in the submucosa, in the bronchial epithelium and in the airway 
lumen1"3. Histamine found in the late phase of an allergic response is 
considered to be derived from basophils rather than from mast cells4. 
Furthermore, it has been described that basophils produce and secrete 
considerable amounts of the proinflammatory cytokines IL-4 and IL-135"9. 
Because basophils are also able to induce IgE synthesis in B cells through 
CD40 - CD40L interaction10"12, basophils may have an important function in 
allergic inflammation. 

Basophils can be activated to release histamine in vitro by various stimuli. 
With the use of inhibitors, various routes of activation leading to this histamine 
release have been identified. Cross-linking of the IgE receptor by anti-lgE 
induces histamine release that can be inhibited by wortmannin but not by 
pertussis toxin13,14. Thus, this route involves PI3-kinase but not a (pertussis 
toxin-sensitive) G-protein. For stimulation by formyl-methionyl-leucyl-
phenylalanine (fMLP) the reverse inhibition pattern has been found13,14. 
Stimulation of protein kinase C (PKC) by phorbol esters leads to histamine 
release with slower kinetics (ty2max= 30 min) compared to anti-lgE or fMLP13,15. 
This stimulation with phorbol-myristate acetate (PMA) is sensitive to the inhibitor 
staurosporine but insensitive to wortmannin. Interestingly, modulation of 
intracellular Ca2+ ([Ca2+]j) differs among the various routes of basophil 
activation. After stimulation with anti-lgE the [Ca2+]; rises after a lagtime of about 
30 seconds, fMLP induces a rapid [Ca2+]i rise due to release of Ca2+ from 
intracellular stores followed by Ca2+-influx, whereas PMA does not influence the 
[Ca2+]i16,17. Histamine release induced by anti-lgE but not that induced by fMLP 
is correlated with the rise in [Ca2+]j16. 

The ability of cytokines to cause histamine release from basophils has 
been subject of debate. Chemokines such as RANTES, eotaxin, eotaxin-2, 
MCP-1, MCP-2, MCP-3 or MIP-1a have been described to induce histamine 
release17"21. Other cytokines, such as IL-3, IL-5 or GM-CSF, do not induce 
histamine release under physiological conditions but render the cells susceptible 
to other stimuli, or potentiate the response to other stimuli7,22"24 through a 
process called priming. We previously found that thapsigargin, an inhibitor of the 
sarco(endo)plasmic reticulum Ca2+-ATPase, when combined with picomoles of 
IL-3, IL-5 or GM-CSF, is able to stimulate basophils to release a considerable 
amount of histamine, compared to thapsigargin or cytokines alone25. Because 
IL-3, IL-5 and GM-CSF are found at sites of allergic inflammation26"29 we were 
interested whether basophils of patients with allergic asthma would show a 
potentiated response to thapsigargin. If so, this would indicate that the basophils 
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from these patients had been primed in vivo through exposure to inflammatory 
cytokines. 

Similar efforts have been made previously to establish whether basophils 
from patients with allergic disease show a different response in comparison to 
basophils from healthy subjects. Basophils from children with allergic asthma 
have been compared with basophils obtained from healthy children. These cells 
did not differ in percentage of histamine release induced by A23187 or anti-lgE, 
although the absolute amount of histamine released per cell was higher in 
asthmatics. Also the change in membrane potential induced by A23187 or anti-
lgE did not differ significantly30. Spontaneous histamine release in patients with 
atopic dermatitis in combination with a food allergy was significantly higher in 
patients with the allergens in their diet compared to patients who altered their 
diet. However, patients with atopic dermatitis without food allergy showed a 
spontaneous histamine release fully comparable with healthy controls. 
Furthermore, the enhanced histamine release seen in the patient group with 
food allergy without alteration of diet was associated with production of a 
histamine-releasing factor by mononuclear cells31. Within a group of patients 
with food allergy and atopic dermatitis, the histamine release induced by Q2O, 
anti-lgE or C5a was increased in the group with more severe clinical 
symptoms32. 

In the present study we evaluated the amount of histamine released by 
various stimuli in three groups of patients and compared this to a group of 
healthy individuals. The results indicate that the response to thapsigargin is a 
sensitive tool to reveal the primed phenotype of basophils from patients with 
allergic asthma. 

Materials and methods 

This study was approved by the local ethical committee and performed after 
written informed consent of the patients had been obtained. 

Study subjects 
The study included four groups of subjects (Table I). The first group consisted of 
healthy volunteers (healthy controls) with no history of pulmonary or allergic 
disorders. The second group (non-allergic, non-asthmatic pulmonary disease) 
consisted of patients with various pulmonary disorders (pulmonary hypertension, 
pneumothorax, and pulmonary sarcoidosis). No-one in these two groups had 
measurable specific IgE to nine of the most common aero-allergens (D. 
pteronyssinus; cat, dog, guinea pig and rabbit hair or dander; mugwort, grass 
(mixture); tree (mixture) pollen; alternaria alternata; Aspergillus fumigatus and 
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Cladosporium herbarum. ALK, Horsholm, Denmark). The third group (non-
allergic asthma) consisted of patients with intrinsic asthma in a steady state of 
their disease. Asthma was defined according to the criteria of the American 
Thoracic Society33. These patients were also not allergic as tested by RAST and 
skin prick testing. The fourth group consisted of patients with allergic asthma in 
a steady state of their disease. They had specific IgE and showed a positive 
skin prick test to at least one allergen. All of the patients with asthma had 
bronchial hyperreactivity for histamine as indicated by PC20 histamine of less 
than 8 mg/ml. The FEV1 of the patients of the two latter groups was > 70% of 
predicted at the moment of blood sampling. None of the patients used systemic 
corticosteroids or had done so in the six weeks before blood sampling. 
However, therapy with inhaled corticosteroids and ß2-adrenergic receptor 
agonists was continued. Inhaled corticosteroids and ß2-adrenergic agonists 
were used by all patients with asthma, except for two patients with non-allergic 
asthma. Doses of medication in the two groups with asthma were similar. 

Table I: Characteristics of study groups 

Healthy Non-asthmatic Non-allergic Allergic astma 
controls Non-allergic 

Lung disease 
asthma 

Age (yr) 30 ±6 41 ±8 43 + 9 39+11 
M/F 10/11 11/11 5/4 12/12 
PC20 histamine (mg/ml) - — 0.7 (3.0) 0.6 (3.6) 
FEV1 (% predicted) - 93+ 17 79 ± 19 85+17 
Total IgE (lU/ml) 13.3(3.6) 41.4(5.2) 46.1 (4.9) 282.8 (5.4) 

Age and FEV1: mean + SD 
PC20 histamine and total IgE: geometric mean x / : geometric SD 

Materials 

Recombinant human IL-3 was obtained from Pepro Tech Inc., Rocky Hill, NJ, 
USA, polyclonal anti-lgE was obtained from Instruchemie Hilversum B.V., 
Hilversum, The Netherlands. Thapsigargin, C5a, FMLP and PMA, all purchased 
from Sigma Chemicals, were dissolved in DMSO and were stored at -20°C. 
These agents were diluted at least 300-fold in the cell incubation media. The 
final concentration of DMSO (< 0.3%, v/v) had no effect on cell viability or 
histamine release. 
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Purification of basophils 
Buffy coats were prepared from 500 ml of blood from healthy donors without an 
allergic history after informed consent had been obtained. The basophils were 
purified by successive isopycnic centrifugation and elutriator centrifugation, as 
previously described by De Boer and Roos34 (purity 75% ± 10%). The cells were 
resuspended in "incubation medium" (132 mM NaCI, 6 mM KCl, 1 mM MgS04, 
1.2 mM potassium phosphate, 20 mM HEPES, 5.5 mM glucose and 0.5% (w/v) 
human albumin, pH 7.4). The basophils were further purified by immuno-
depletion of residual contaminating cells with various monoclonal antibodies 
(CD2, CD14, CD16, CD19, CD66b) and magnetic beads35. The cells were 
counted electronically (Coulter counter model ZF; Coulter Electronics, 
Dunstable, UK). The percentage of basophils was determined by differential 
staining with Alcian blue36 and from cytocentrifuge preparations stained with 
May-Grünwald/Giemsa. Viability was determined by trypan blue exclusion. The 
purity of the basophils in these preparations was > 95%, with a viability of about 
98%. Thrombocytes were obtained by isopycnic centrifugation at 380 x g. 
Lymphocyte and monocyte fractions were obtained by isopycnic centrifugation 
and elutriator centrifugation during the preparation of basophil suspensions as 
described above. 

Preparation of leukocyte suspensions, time control study and patient study 
Human blood (50 ml) was obtained from the donors after informed consent had 
been obtained. All blood samples were drawn between 9.00 and 12.00 hrs a.m. 
The erythrocytes were lysed with an ice-cold buffer containing 155 mM NH4CI, 
10 mM KHCO3 and 0.1 mM EDTA (pH 7.4). The leukocytes were spun down. 
The pellet was resuspended in fresh lysis buffer for 5 min. The cells were 
washed once in PBS containing 1% v/v trisodium citrate and once in "incubation 
medium". 

Preparation of leukocyte suspensions in the IL-3 pretreatment experiments 
For the study with IL-3 pretreatment, the procedure of leukocyte preparation 
was the same as for the patient study except for the starting material. For the IL-
3 pretreatment experiments we used buffy coats from blood of healthy donors. 

Histamine release 
Prior to the incubations, the leukocyte suspensions were washed and 
resuspended in "incubation medium". The cells were warmed for 5 min at 37°C, 
after which the reagents were added. The incubation volumes were 450 pi, 
containing about 5 x 10s cells. After 30 min of incubation the cells were pelleted 
for 10 sec at 12000 x g, and 350 pi of the supernatant were collected. The 
supernatants were mixed with 200 pi of 12% (w/v) perchloric acid and 750 pi of 
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saline (0.9% NaCI w/v). The samples were stored at 4°C. For measurement of 
the total amount of histamine the same amount of cells used for the incubations 
was lysed in the perchloric acid. Histamine was measured by fluorometric 
analysis as described by Siraganian37. Histamine release was calculated as 
percentage of the total amount of histamine in the cells. 

Statistics 
All data are presented as mean ± SD. Statistical significance of differences was 
calculated by Kruskal-Wallis non-parametric ANOVA test. Groups were 
compared with Dunn's post test. Correlation between two variables was 
calculated by Spearman's rank correlation. 

Results 

Thapsigargin-induced histamine release after IL-3 pretreatment 
Previously, we have demonstrated that addition of thapsigargin results in minor 
degranulation of human basophils, whereas addition of IL-3 to thapsigargin-
treated basophilic granulocytes results in marked release of histamine. After 
treatment with thapsigargin, picomolar concentrations of IL-3 are already 
sufficient to induce histamine release25. We have also shown that after reversal 
of the order of additions, i.e. treatment of the cells with IL-3, extensive washing 
and then addition of thapsigargin, histamine was released25. The amount of 
histamine released was dependent on the dose of IL-3 (Figure 1). 

We theorized that thapsigargin could reveal pre-exposure of basophils to 
cytokines in vivo. Therefore, we investigated whether thapsigargin-induced 
histamine release is enhanced in patients with an allergic disorder. We first 
examined purified basophils (> 95%) of three allergic donors and found a 
distinctly enhanced histamine release upon stimulation with thapsigargin (no 
thapsigargin vs 2.0 uM thapsigargin: 2.1 ± 2.0% vs 31.8 ± 14.7%, p < 0.03; 3 
non-allergic controls: 1.6 ± 1.3% vs 4.5 ± 1.6%, p < 0.02). Thus, this method 
has indeed the potential to reveal in vivo priming of human basophils. 

However, until now only purified suspensions with > 90% basophils were 
used 5. Because the volume of blood drawn from most study subjects did not 
permit intensive purification, we compared thapsigargin-induced histamine 
release of purified basophil suspensions to leukocyte suspensions obtained by 
isotonic NH4CI lysis of the erythrocytes. Thapsigargin-induced histamine release 
in the leukocyte suspensions was higher than from purified basophils when no 
IL-3 was added. However, also in these leukocyte suspensions, IL-3 priming 
was clearly detectable and dose dependent (Figure 1 ). The difference between 
thapsigargin-induced histamine release in purified basophil suspensions and 
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Fig 1. Histamine 
release after addition 
of thapsigargin (2 
uM). Purified 
basophils (purified) 
as well as leukocyte 
suspensions 
obtained by lysis of 
erythrocytes with 
NH4CI (lysis) were 
incubated for 90 min 
with various 
concentrations of 
IL-3 at 37°C. The 
cells were then 
extensively washed, 
thapsigargin was 
added and the cells 

were incubated for 30 min at 37°C. Histamine was determined in the cell-free 
supernatants as described in Materials and Methods. Results are the mean ± SD of 3 
independent experiments. For each donor, the purified basophils and the total 
leukocytes were obtained from the same blood donation. 
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total leukocyte suspensions was probably caused by other blood cells present in 
the leukocyte preparations or by their products, because addition of platelets, 
lymphocytes and/or monocytes to purified basophils increased the amount of 
histamine released after addition of thapsigargin alone (Figure 2). 

Thapsigargin-induced histamine release measured at various times during the 
day 
Because many assays in blood samples show significant fluctuations over the 
day, we examined the thapsigargin-induced histamine release at different time 
points. We drew blood samples from 3 healthy individuals and from one patient 
with allergic asthma at 9.00 a.m. and at 1.00 and 5.00 p.m. The thapsigargin-
induced histamine release in the leukocyte suspensions did not differ 
significantly over the day (24.2±9.1%; 17.1±5.1%; 19.8±8.4%: % of histamine 
release, mean±SD, n=4). 

Histamine release after basophil activation with standard stimuli 
We compared the four study groups for spontaneous histamine release, for 
histamine release induced by three concentrations of anti-lgE and for histamine 
release induced by an optimal dose of C5a, fMLP or PMA. For anti-lgE and 
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Fig 2. Histamine 
release after 
addition of 
thapsigargin (2 
MM). * After 
purification of 
basophil 
suspensions, 
thrombocytes 
(B+T), monocytes 
(B+M), 
lymphocytes (B+L) 
or all of these cells 
from the same 

" donor together (all) 
B B+T B+M B+L a" were added to the 

basophil fraction (B). Leukocyte suspensions were incubated for 30 min with 
thapsigargin at 37°C. Histamine was determined in the cell-free supernatants as 
described in Materials and Methods. Results are the mean ± SD of 3 independent 
experiments. 

PMA, this was measured in the absence as well as in the presence of 
thapsigargin. Also the effect of IL-3 addition was examined, to determine the 
capacity of the basophils to degranulate via this route. Leukocyte suspensions 
from patients with non-allergic asthma released significantly smaller amounts of 
histamine with anti-lgE plus thapsigargin compared to leukocyte suspensions 
from healthy controls or patients with allergic asthma (Table II). 

Also when C5a or PMA was used as a stimulus, the leukocyte 
suspensions from non-allergic asthmatics were less responsive. With anti-lgE or 
fMLP as a stimulus the histamine release from non-allergic asthmatics was 
lower too, but this difference was not significant. There was no difference in 
spontaneous histamine release, nor in histamine release induced by IL-3 or IL-3 
plus thapsigargin. Furthermore, between the groups of allergic asthmatics, 
patients with lung diseases and healthy controls, there was no difference in the 
response to anti-lgE, IgE plus thapsigargin, C5a, fMLP or PMA (Table II). 

Thapsigargin-induced histamine release 
Figure 3 shows that leukocytes from patients with allergic asthma displayed a 
significantly higher degree of histamine release upon incubation with only 
thapsigargin than did leukocytes from healthy, non-atopic controls (38±13.2% vs 
23±6.9%: % of histamine release mean±SD). Neither the group of patients with 
non-allergic asthma, nor the group of patients with other lung ailments showed 
this enhanced histamine release in the presence of thapsigargin (15±3.0% and 
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Table IIa: Comparison of histamine release by various stimuli among the groups 

Stimulus Healthy Non- Non-allergic Allergic 
controls asthmatic 

non-allergic 
lung disease 

8 ±2.7 

asthma asthma 

None 6 ±2.7 

asthmatic 
non-allergic 
lung disease 

8 ±2.7 6± 1.6 7 ±3.1 

Anti-lgE (50 ng/ml) 16+10.7 16+10.8 10±5.0 22 ± 12.7 
Anti-lgE (100 ng/ml) 16 ±9.2 17 ±10.5 10 ±5.9 21 ± 12.4 
Anti-lgE (200 ng/ml) 15 + 8.5 17 + 10.8 11+5.9 19+ 11.2 
max response 18+ 10.6 18 + 10.9 11 ±5.8 23 + 13.0 

Thap + anti-lgE (50 ng/ml) 
Thap + anti-lgE (100 ng/ml) 
Thap + anti-lgE (200 ng/ml) 
max resrjonse 

51 + 18.8 
52 ±19.8 
50 ± 18.5 

47 ±14.6 
46 ± 14.4 
43 ±14.9 

31 ± 12.4 
30 ±10.7 
29 ±9.5 

60 ± 16.4 
61 ± 16.0 
61 ±16.0 

53 ±19.8 49 ± 14.3 32± 11.7 63 ±16.0 
C5a, 10 nM 

36 ±16.7 34 ± 14.5 26 ±8.9 42 ± 13.5 
fMLP, 1 uM 

35 ±12.9 34 ± 14.1 28 ±10.8 39 ± 18.6 
PMA, 100 ng/ml 
Thap + PMA 50 ± 14.3 39 ± 14.8 32 ± 13.1 50 ± 12.4 

73 ±13.4 70 ± 13.6 67 ±12.6 76 ± 9.4 
IL-3, 1000 pM 
IL-3, Thap 9 ±4.3 11 ±4.1 9+ 1.9 13 ±7.5 

66 ± 9.4 64 ± 10.9 61 ±9.0 70 ±13.8 

Leukocyte suspensions were incubated for 30 minutes at 37°C after stimulation. 
Histamine release was determined in the cell-free supernatant. Data are expressed as 
percentage histamine released, mean ± SD. Thap = thapsigargin 2 uM. Max response 
is maximal histamine release obtained with either 50, 100 or 200 ng anti-lgE per ml. 

25±8.9%). This indicates that only in patients with allergic asthma the basophils 
in the circulation have been pre-exposed to priming cytokines. Only in this group 
of patients the thapsigargin-induced histamine release correlated with the total 
amount of IgE (data not shown). No correlation was found with specific IgE, 
FEV1 or PC20 histamine. 

Discussion 

We have previously reported on the effect of Ca2+-ATPase blockers, such as 
thapsigargin, on basophils. We found that thapsigargin in combination with the 
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Table lib: Comparison of histamine release by various stimuli among the groups, 
statistics 

Stimulus Healthy 
controls 

Non-
asthmatic 

non-allergic 
lung disease 

Non-allergic asthma Allergic 
asthma 

None ns ns ns ns 

Anti-lgE (50 ng/ml) 
Anti-lgE (100 ng/ml) 
Anti-lgE (200 ng/ml) 

ns 
ns 
ns 

ns 
ns 
ns 

vs AA* 
vs AA* 

ns 

vs NAA* 
vsNAA* 

ns 
max response ns ns ns ns 

Thap + anti-lgE (50 ng/ml) 
Thap + anti-lgE (100 ng/ml) 
Thap + anti-lgE (200 ng/ml) 
max response 

vsNAA* 
vsNAA* 
vs NAA* 
vsNAA* 

ns 
ns 

vs AA* 
ns 

vs C*/vs AAH 

vs C*/vs AAH 

vs C*/vs LD*/vs AAH 

vs C*/vs AAH 

vs NAA** 
vs NAA** 
vs NAA** 
vs NAA** 

C5a, 10 nM ns ns vs AA* vs NAA* 

fMLP, 1 uM ns ns ns ns 

PMA, 100 ng/ml 
Thap + PMA 

vsNAA* 
ns 

ns 
ns 

vs C*/vs AA** 
ns 

vsNAA" 
ns 

IL-3, 1000 pM 
IL-3, Thap 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns = not significant; vs C = vs healthy controls; vs LD = vs non-asthmatic, non-allergic 
lung disease; vs AA = vs allergic asthma; vs NAA = vs non-allergic asthma; * p < 0.05; 
**p<0.01; Hp< 0.001 

cytokines IL-3, IL-5 or GM-CSF stimulates basophils to release considerable 
amounts of histamine26"29. Also in vitro exposure of basophils to IL-3 was 
displayed by histamine release after subsequent addition of thapsigargin. 
Likewise, exposure to IL-5 or GM-CSF was revealed by thapsigargin (data not 
shown), but IL-3 was the most potent. Many papers have described increased 
levels of Th2 cytokines, including IL-3 and IL-5 (protein and mRNA), at sites of 
allergic inflammation26"29. Moreover, with immunoassays with high sensitivity, 
increased levels of these cytokines have been found in the circulation as welP8, 
probably caused by leakage of the cytokines from the tissues. Because we 
hypothesized that thapsigargin might reveal exposure of basophils to cytokines 
in vivo, we investigated whether thapsigargin-induced histamine release is 
enhanced in patients with an allergic disorder. We first examined purified 
basophils of three allergic donors and found a distinctly enhanced histamine 
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Fig 3. Histamine release after addition of thapsigargin (2 pM). Leukocyte suspensions 
were incubated for 30 min with thapsigargin at 37°C. Histamine was determined in the 
cell-free supernatants as described in Materials and Methods. 

release upon stimulation with 2.0 uM thapsigargin. 
Because it is not feasible to obtain from each patient 500 ml blood 

required for basophil purification, we studied whether also in non-purified 
leukocyte suspensions thapsigargin could detect previous exposure to 
cytokines. Although the histamine release upon thapsigargin stimulation was not 
exactly the same as in purified basophils, priming was clearly detectable and 
dose dependent, also in total leukocyte suspensions (Figure 1). As Figure 2 
indicates, an enhancing effect of accessory cells or products of these cells 
cannot be excluded. However, this cannot account for our original observations 
with purified basophils of allergic donors. 

Thapsigargin-induced histamine release did not show a circadian rhythm. 
Nevertheless, we evaluated the effect of thapsigargin on the histamine release 
at one specific point in time. Thapsigargin-induced histamine release bears 
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some resemblance with D20-induced histamine release in that it enhances IL-3 
and GM-CSF-induced histamine release39 and shows an enhanced histamine 
release in patients with an allergic ailment32. However, in this study with atopic 
dermatitis patients32 the spontaneous histamine release (i.e. without D20) was 
already very high. Furthermore, although D20 is thought to augment secretion 
by affecting the microtubules40, the exact cellular mechanism is unknown, 
whereas the working mechanism of thapsigargin involves Ca2+ release from the 
internal stores that can be mimicked by other blockers of the Ca^-ATPase, 
such as cyclopiazonic acid (CPA) or 2,5-di-(t-butyl)-1,4-benzohydroquinone 
(DBHQ)25. Table II shows that basophils of patients with allergic asthma do not 
differ significantly in spontaneous histamine release or in histamine release 
induced by three concentrations of anti-lgE, or by optimal concentrations of 
C5a, fMLP or PMA, from basophils of controls, or from patients with non-
allergic, non-asthmatic lung ailments. For these stimuli no more than a trend of 
increased histamine release in the patient group with allergic asthma was found. 
This may be explained by the phase of the disease, which was stable. However, 
it cannot be excluded that suboptimal concentrations of stimuli induce a different 
extent of histamine release in the various groups. 

The spontaneous release and the stimulus-induced release of histamine 
was not significantly different, apart from thapsigargin-induced degranulation, 
leading to the concept that basophils from patients with allergic asthma do not 
show an increased releasibility of histamine per se. Also, the capacity to release 
histamine when stimulated with thapsigargin plus a high dose of IL-3 was 
comparable. 

The response of the group with non-allergic asthma as compared to the 
group with allergic asthma tended to be lower to anti-lgE or fMLP, and the 
histamine release induced by C5a or PMA was significantly decreased. 
Histamine release induced by the combination of thapsigargin and PMA was not 
significantly diminished. However, thapsigargin-induced enhancement of the 
IgE-mediated histamine release was strongly reduced. 

Medication in both asthma groups was fully comparable and thus could 
not account for the relatively low responsiveness of basophils from non-allergic 
asthmatics. The decreased response of basophils of non-allergic asthmatics to 
thapsigargin cannot be explained by the absence of cytokines and/or 
chemokines either. Comparable increases in cells expressing mRNA for IL-3, IL-
4, IL-5, GM-CSF, RANTES and MCP-1 have been detected in bronchial 
biopsies of allergic and non-allergic asthmatics41,42. On the other hand, the 
elevated serum levels of IL-10 in non-allergic asthmatics43 might be of 
importance. 

The difference in thapsigargin-induced release of histamine was 
pronounced. Combinations of anti-lgE or PMA with thapsigargin did not result in 

101 



Chapter 5 

a different amount of histamine released by basophils from the patient group 
with allergic asthma compared to the group of healthy controls or the group with 
other lung disease. With regard to the potency of cytokines such as IL-3, IL-5 or 
GM-CSF, it is likely that besides eosinophils44,45 also basophils from patients 
with allergic asthma have in vivo been exposed to and primed by these 
cytokines. In this view, thapsigargin is a practical tool, because the difference in 
thapsigargin-induced histamine release was significant, although the amounts of 
priming cytokines in the studied groups must be low because anti-lgE-induced 
histamine release was not significantly different between the four groups46,47. 

Because the thapsigargin-induced histamine release was enhanced in 
the allergic-asthma group compared to the group with other lung diseases, but 
also compared to the group of non-allergic asthmatics, it is expected that the 
allergic process is the cause of the enhanced histamine release. We assume 
that basophils of patients with other allergic disorders such as allergic rhinitis 
and allergic dermatitis show the same enhanced thapsigargin-induced histamine 
release, but this remains to be proven. 

In conclusion, we have compared the amount of histamine released by 
various stimuli in three groups of patient and one group of healthy individuals, to 
investigate whether basophils of patients with an allergic disorder show an 
altered phenotype. The basophils from a group of patients with allergic asthma 
displayed a significantly higher release of histamine induced by thapsigargin. 
We hypothesize that this is caused by in-vivo priming of basophils. In our 
opinion, thapsigargin is a useful tool to study priming in vivo of human 
basophils. 
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