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Abstract 

Cross-linking of the IgE receptor initiates the process of an allergic reaction. 
Knowledge about the signaling pathways downstream of this cross-linking has 
been mainly gathered by studies on RBL-2H3 cell lines. In these studies, a 
number of molecules have been shown to be of importance, such as the 
tyrosine kinases Syk and Lyn, the subunits of the IgE receptor (3- and y-chains), 
PLC isozymes, PI3-kinase and Vav. To investigate whether these results can be 
extrapolated to basophils we studied tyrosine phosphorylation patterns in highly 
purified human basophil suspensions after stimulation with anti-lgE, C5a/fMLP, 
IL-3 or IL-3+thapsigargin. Stimulation with anti-lgE induced tyrosine 
phosphorylation of proteins with an Mr of 70, 105 and 134 kD. After stimulation 
with C5a or fMLP, the tyrosine phosphorylation of the 134-kD protein did not 
occur, and the kinetics of the tyrosine phosphorylation of the 105-kD protein 
were different. IL-3 did not induce histamine release, but the tyrosine 
phosphorylation pattern after incubation with IL-3 did not differ from the pattern 
obtained after incubation of the basophils with histamine- release-inducing 
concentrations of anti-lgE. Thapsigargin in combination with IL-3 induces 
histamine release. Thapsigargin influenced the kinetics of protein tyrosine 
phosphorylation but not the pattern itself. Although the consistency of the 
patterns was not optimal, probably because of inevitable contamination of the 
basophil suspensions by monocytes and as a result of donor-to-donor variation, 
these data indicate that there is no strict correlation between the tyrosine 
phosphorylation pattern and degranulation. 
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Introduction 

Basophils possess the capacity to release allergic inflammatory mediators such 
as LTC4, major basic protein, elastase, ß-glucuronidase and histamine1. In vitro, 
basophils can be activated to degranulate by stimulation with various agents, 
such as C5a, fMLP and PMA, or by cross-linking of the IgE receptor with anti-
IgE or allergen. Cytokines such as IL-3, IL-5 or GM-CSF, for which basophils 
express receptors, do not induce degranulation by themselves under physiologic 
conditions. However, IL-3, IL-5 and GM-CSF can modulate the response to 
subsequent stimuli2"5. 

From the stimuli mentioned above, crosslinking of the IgE receptor is 
obviously the most important in the (patho)physiology of allergy. The IgE 
receptor consists of 4 subunits, viz. one a-chain of 55 kD, one ß-chain of 33 kD 
and two y-chains of 9 kD. The a-chain is solely responsible for the binding of 
IgE, but appears of no importance to the signaling, because it has been shown 
that cells expressing the IgE receptor without the cytoplasmic tail of the a-chain 
can nevertheless be activated by crosslinking of the (mutated) receptor5. Also 
the ß-chain seems (at least in transformed rat basophilic leukocytes) not 
essential for activation via the IgE receptor7. Associated with the ß-chain is a 
tyrosine kinase of the src family, Lyn (58kD), whose function is probably to 
amplify the signal. Like the ß-chain, the two y-chains, which are connected by a 
disulfide bond, possess so-called ITAM's (Immunoreceptor Tyrosine-based 
Activation Motifs) that are indispensable for signaling via the IgE receptor. 
These ITAM's are conserved sequences, in single-letter amino acids code 
(D/E)XXYXX(I/L)X6-8YXX(I/L), which are found also in \, 5, e, and y-chains of the 
T-cell antigen receptor, in the a- and ß-chains of the B-cell antigen receptor and 
in the ^/y-chains of the Fcy-receptors. These ITAM's on the y-chains of the FcsRI 
are docking sites for the SH2 (Src homology region 2) domains of the non-
transmembrane protein tyrosine kinase Syk (72kD). The signal transduction 
starts with clustering of the IgE receptor, leading to (auto)phosphorylation of the 
ß-chain and Lyn. Later, the ITAM's in the y-chains are phosphorylated, which 
induces the docking sites for Syk. Thus, Syk is transferred to the plasma 
membrane, where it is also phosphorylated. Although this process also takes 
place in the absence of Lyn, phosphorylation of the y-chains as well as of Syk is 
potently enhanced by Lyn, thus amplifying the reaction. Activated Syk 
phosphorylates phospholipase C, which in its turn causes hydrolysis of PIP2 to 
diacyl glyceride (DA) and inositol-1,4,5-trisphosphate (IP3). Subsequently, the 
free cytosolic Ca2+ concentration is increased by Ca2+ release from IPs-
sensitive, intracellular Ca2+ stores. Furthermore, DA enhances the activity of 
PKC. Both Ca2+ and PKC play an important role in reorganising the 
cytoskeleton, which is mandatory for degranulation. It is not known whether 
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activation of PLA2, leading to production of arachidonic acid and platelet-
activating factor (PAF), is essential for degranulation. Neither is it known what 
the role of the Ras/MAP kinase pathway is in the degranulation of basophils. 
Recently ZAP-70, a tyrosine kinase previously found in T-cells, has been 
detected in basophils, but its part in basophil activation has yet to be explored3. 

It has been found that 10% of the Caucasian population have basophils 
that cannot or hardly be induced by anti-lgE to release histamine. Because 
basophils of these so-called anti-lgE non-responders are normally covered with 
IgE and can be induced to release histamine by other agents, it was interesting 
to investigate whether the signal transduction in these cells differs from that in 
normal basophils. Furthermore, most data on signal transduction via the IgE 
receptor have been gathered from a basophilic leukemic cell line of rat origin 
(RBL) or human leukemic cells, which may be distinct from primary human 
basophils. Therefore, we have investigated the signal transduction in purified 
human basophilic granulocytes by studying protein tyrosine phosphorylation 
patterns. 

Materials and Methods 

Materials 
Recombinant human IL-3 (Pepro Tech Inc., Rocky Hill, NJ, USA) and polyclonal 
anti-lgE (Instruchemie Hilversum B.V., Hilversum, The Netherlands) were 
obtained from the manufacturers. Thapsigargin, C5a, fMLP, genistein and 
wortmannin were purchased from Sigma Chemicals (St. Louis, MO, USA), 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. The proteinase inhibitors N-a-p-tosyl-L-
lysine chloromethyl ketone (TLCK) and leupeptin were from Sigma and 
pefablock was from Merck (Darmstadt, Germany). Piceatannol (dissolved in 
DMSO) was from Sigma. Phenylarsine oxide (dissolved in ethanol) was also 
from Sigma. 

Purification of basophils 
Buffy coats were prepared from 500 ml of human blood after informed consent 
had been obtained from healthy donors without an allergic history. The 
basophils were purified by successive isopycnic centrifugation and elutriator 
centrifugation, as previously described by De Boer and Roos9 (purity 75% ± 
10%, mean ± SD). The cells were resuspended in incubation medium (132 mM 
NaCI, 6 mM KCl, 1 mM MgS04, 1.2 mM potassium phosphate, 20 mM HEPES 
and 5.5 mM glucose, pH 7.4). The basophils were further purified by immuno-
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depletion of residual contaminating cells with five monoclonal antibodies (CD2, 
CD14, CD16, CD19, CD66b) and magnetic beads10. The cells were counted 
electronically (Coulter counter model ZF; Coulter Electronics, Dunstable, UK). 
The percentage of basophils was determined by differential staining with Alcian 
blue11 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%. 

Histamine release 
Prior to the incubations, the leukocyte suspensions were warmed for 5 min at 
37°C, after which the reagents were added. The incubation volumes were 450 
Ml. After 30 min of incubation, the cells were pelleted for 10 sec at 12,000 x g, 
and 350 pi of the supernatant were collected. The supematants were mixed with 
200 pi of 12% (w/v) perchloric acid and 750 pi of 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 as used for the incubations was lysed in perchloric 
acid. Histamine was measured by fluorometric analysis as described by 
Siraganian2. Histamine release was calculated as percentage of the total 
amount of histamine in the cells. 

Stimulation and preparations of samples 
Basophils were pretreated for 15 min with DFP (1:2000) at room temperature. 
The basophils were washed in incubation medium and incubated at a 
concentration of 106/ml in incubation medium with a different stimulus at 37°C. 
At distinct timepoints samples were taken and lysed in lysis buffer containing 
1% NP40, 10 mM Tris, 150 mM NaCI, 25 pM phenylarsine oxide, 1 mM 
orthovanadate, 1 mM TLCK, 100 pM leupeptin, and 2 pM pefablock. After 
centrifugation (12,000 x g, 15 min) the supematants were stored at -80°C. 

Immunoblotting and staining 
The cellular proteins were separated by 10% SDS-PAGE at a concentration of 
100,000 basophils / lane. The samples were transferred to nitrocellulose 
membrane by Western blotting (1 hr, 150 mA). The nitrocellulose membranes 
were incubated in blocking buffer (PBS, containing 1% BSA and 5% milkpowder 
(Protifar, Nutricia, The Netherlands)) for 1 hr at room temperature. Thereafter, 
the blots were incubated with a monoclonal antibody directed against 
phosphorylated tyrosine or with a polyclonal rabbit antibody directed against Syk 
in blocking buffer for 2 hrs at room temperature. The blots were then washed for 
5 min with PBS with 0.05% (v/v) Tween-20, and incubated with rabbit-anti-
mouse-lg or horse-anti-rabbit-lg antibodies, conjugated to horse-radish 
peroxidase (CLB, Amsterdam, the Netherlands) in blocking buffer for 2 hrs at 
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room temperature. The blots were washed five times in PBS with 0.05% (v/v) 
Tween-20 and developed with enhanced chemiluminiscence (Boehringer 
Mannhein, Germany). The proteins were visualised by exposure to Kodak X-
OMAT S film for 2 min. 

Results and Discussion 

First we examined the kinetics of protein tyrosine phosphorylation after 
stimulation with anti-lgE and compared this with C5a stimulation. These stimuli 
are thought to activate basophils by different routes, as shown by the kinetics of 
histamine release (Figure 1). 

100-1 

S 
X 

75-

50 

25-

0 

0 

-•-anti-lgE 
-*-C5a 

-v-IL-3/Thap 

10 20 50 60 30 40 
time (min) 

Fig 1. Histamine release induced by anti-lgE, C5a or IL-3/thapsigargin. The results are 
shown as mean ± SD of 3 experiments. 

Figure 2A (anti-lgE) shows an enhanced tyrosine phosphorylation of proteins at 
105 kD and at 71 kD. This phosphorylation appears to increase gradually from 1 
min to 10 min. At 134 kD there was a weak transient protein tyrosine 
phosphorylation at 3-5 min. Staining with anti-Syk revealed that the 71-kD 
protein was indeed Syk. The kinetics after incubation with C5a (Figure 2B) 
showed an enhancement of phosphorylated protein tyrosines also at 105 kD, 
which was maximal at 1 min and then diminished. The 71-kD protein (Syk) was 
phosphorylated after 1 min and remained so until 10 min. The transient 
phosphorylation at 134 kD seen with anti-lgE stimulation was not seen in the 
C5a incubation. Similar to C5a, when fMLP stimulation was compared to anti-
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IgE at 2 min (Figure 3), it did not show the tyrosine phosphorylation at 134 kD, 
but the 105-kD as well as the 71-kD band were strongly enhanced 2 min after 
stimulation. 

A anti-Tyr anti-Syk F i g 2 . Protein tyrosine 
phosphorylation induced by anti-

300 s IgE or C5a. The cells were 
incubated for various times 
(indicated above the lanes) with 

134 • anti-lgE (A) or C5a (B). Protein 
1 0 5 phosphorylation was detected on 

71 • * • • Western blots with a monoclonal 

300 

anti-lgE - 30 60 180 300 600 

anti-Tyr 

C5a - 30 60 180 300 600 

antibody against tyrosine-
anti-Syk phosphate (anti-Tyr). In addition, 

the position of Syk on the blots 
was visualized with a polyclonal 
antibody against Syk (anti-Syk). 
The Mr of the three most 

134 p. prominent proteins is indicated on 
105 • • * * • •>* t N | the left (in kD). Representative 

71 — • ip* - m& —• example of 3 experiments 
performed. 

£> ^j m Fig 3. Protein tyrosine phosphorylation 
'•É 1 - induced by anti-lgE, fMLP or IL-3. The cells 

were incubated for 2 min with the stimuli. 
1 . 2 min Thereafter, the reaction was stopped and the 
1 0 5 - -wmW» protein tyrosine phosphorylation was 

detected on Western blots with McAb against 
71 ^ tyrosine-phosphate. Left: Mr in kD. 

Representative example of 3 experiments 
performed. 

Interestingly, after IL-3 incubation there was enhanced tyrosine phosphorylation 
in the 105-kD and in the 71-kD protein and, as with anti-lgE stimulation, there 
was a faint band seen at 134 kD. Because IL-3 alone does not induce histamine 
release and because we found previously that this is altered when the free 
intracellular Ca2+ concentration is raised by emptying the intracellular Ca2+ 

stores with thapsigargin, we compared incubation with IL-3 (500 pM) alone vs. 
incubation with IL-3 + thapsigargin (2 uM). The results are shown in Figure 4. 
At two min after incubation with IL-3, tyrosine phosphorylation was detected in 
the 134-kD protein, which was diminished at 15 min. This decrease was 
enhanced by thapsigargin. The phosphorylation at 105 kD, which was faint with 
IL-3 stimulation at 2 min but clearly detectable at 15 min, was probably 
accelerated by thapsigargin, because the signal at 2 min was increased while 
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134 
105 

71 

o. 
to 

Fig 4. Protein tyrosine phosphorylation 
induced by IL-3 and IL-3/thapsigargin. The 
cells were incubated for 2 or 15 min 
(indicated above the lanes) with the 
stimuli. Protein tyrosine phosphorylation 
was detected on Western blots with McAb 
against tyrosine-phosphate. Left: Mr in kD. 
Representative example of 3 experiments 
performed. 

the signal at 15 min was not detectable. The phosphorylation at 71 kD appeared 
not to be altered by thapsigargin. To investigate the effect of tyrosine kinases, 
we preincubated basophils for 5 min with genistein (300-500 uM), an inhibitor of 
these kinases. We compared this with the effect of wortmannin, an inhibitor of 
PI3 kinase (5 min, 30-100 nM). Genistein as well as wortmannin inhibit the 
histamine release induced by anti-lgE or by IL-3 + thapsigargin (Figure 5). 

10CK 

control lOOnMWTM 500 uM Genistein 

Fig 5. Effect of 
• iL-3n"hap wortmannin and 
en anti-lgE genistein on histamine 

release induced by IL-
3/thapsigargin or anti-
lgE. The cells were 
incubated with the 
stimuli for 30 min in the 
absence or presence 
of the inhibitors. The 
results are shown as 
mean + SD of 3 
experiments. 

Remarkably, as shown in Figure 6, genistein appeared to inhibit the protein 
tyrosine dephosphorylation both after stimulation with anti-lgE and after 
stimulation with IL-3 + thapsigargin. Wortmannin also inhibited the protein 
tyrosine dephosphorylation after anti-lgE stimulation, but not after stimulation 
with IL-3 + thapsigargin. Because piceatannol has been described to be a more 
specific inhibitor of Syk, we examined its effect on anti-lgE-induced histamine 
release and protein tyrosine phosphorylation. The inhibitory effect of piceatannol 
on the histamine release (Figure 7) was evident, as was also found by others8. 
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Fig 6. Effect of wortmannin and 
genistein on protein tyrosine 
phosphorylation induced by 
anti-lgE or IL-3/thapsigargin. 
The cells were incubated for 2 
or 7 min with anti-lgE (A) or IL-
3/thapsigargin (B) without 
inhibitors, with 30 nM 
wortmannin or with 300 ^M 
genistein, as indicated above 
the lanes. Protein tyrosine 
phosphorylation was detected 
on Western blots with McAb 
against tyrosine-phosphate. 
Left: Mr in kD. 

-anti-lgE 
-IL-3 + Thap 

50 100 150 

piceatannol (uM) 

Fig 7. Effect of piceatannol on 
histamine release induced by anti-
lgE or IL-3/thapsigargin. The cells 
were incubated for 30 min with the 
stimuli, in the presence of various 
concentrations of piceatannol, as 
indicated. The results are given as 
mean ± SD of 3 experiments, in 
percentage of the histamine 
release induced without 
piceatannol. 

However, a l though the tyrosine phosphorylat ion of the protein at 71 kD was 

diminished, this effect was not selective (Figure 8). 

anti-lgE 
anti-lgE 
+ pice 

134 • 
105 ' 

80' 
71 ' 

Fig 8. Effect of piceatannol on protein 
tyrosine phosphorylation induced by 
anti-lgE. The cells were incubated for 
1 or 2 min without an inhibitor or with 
100 nM piceatannol, as indicated 
above the lanes. Protein tyrosine 
phosphorylation was measured on 
Western blots with McAb against 
tyrosine- phosphate. Left: Mr in kD. 
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To summarize our findings, after stimulation with anti-lgE we detected enhanced 
protein tyrosine phosphorylation at 134-kD, at 105-kD and at 71 -kD. After C5a 
or fMLP stimulation, the phosphorylation at 134-kD did not occur and the 
phosphorylation kinetics of the 105-kD protein were faster than the kinetics of 
histamine release induced by these compounds. Remarkably, incubation with 
IL-3 induced the same phosphorylation pattern as that seen with anti-lgE, 
although IL-3 does not induce histamine release. Furthermore, thapsigargin did 
not change the phosphorylation pattern (although it did affect the kinetics), 
whereas it strongly induces histamine release by IL-3. So, the correlation 
between protein tyrosine phosphorylation and histamine release is not manifest. 
This is in accordance with recent findings that also the intensity of protein 
tyrosine phosphorylation can be uncoupled from histamine release at high 
concentrations of anti-lgE. Inhibitory studies with genistein, wortmannin and 
piceatannol did not provide coherent data. It is tempting to attribute the 
phosphorylation pattern to proteins such as PLCy, Syk, FAK, Vav, or PI3-kinase, 
but besides Syk these compounds were not demonstrated. 

Furthermore, small amounts of monocytes (<5%), which inevitably are 
present in our basophil suspensions, interfered with phosphorylation patterns, 
making the results hard to interpret. Because monocytes express receptors for 
IgE , although these lack a ß chain, selective activation of basophils is not 
possible. Eosinophils13 as well as dendritic cells14,15 have been described to 
bear IgE receptors, but the numbers of these cells in our samples were nihil and 
therefore their effect can be neglected. Additionally, it is likely that similar to a 
variation in the extent of histamine release between donors, also the (kinetics 
of) phosphorylation patterns vary between donors. Therefore, we have not been 
able to localize the defect in histamine release after anti-lgE stimulation seen in 
anti-lgE nonresponsers. 
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