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Occupational asthma due to western red cedar is associated with histamine
release from basophils and mast cells on exposure to plicatic acid (PA), but
the mechanisms underlying this response remain unclear. Specific kinase
inhibitors were used to study the role of tyrosine and serine/threonine
kinases in PA-induced histamine release from human basophils.
Pretreatment with the tyrosine kinase inhibitor methyl 2,5-dihydroxy-
cinnamate (MDHC) attenuated histamine release from basophils triggered
by anti-IgE (29.8% inhibition; n=15; P<0.01) or grass pollen (48% inhibition;
n=6; P<0.01). Inhibition was concentration-dependent and could be reversed
by washing the cells in buffer, while the inactive stereoisomer of MDHC did
not affect histamine release. In contrast, the protein kinase C inhibitor
staurosporin did not affect histamine release by either anti-IgE or grass
pollen. Pretreatment with MDHC partially inhibited PA-induced histamine
release from basophils of 6/9 patients with red cedar asthma (25.4% vs
33.8%; P =NS). Staurosporin gave a similar level of inhibition of PA-induced
histamine release (25.3% vs 33.8%; P=NS). Thus, signal transduction of the
human basophil Fc,RI appears to depend upon tyrosine kinase activation,
but not on protein kinase C (serine/threonine kinase) activation. The lack
of specific effect on plicatic acid-induced histamine release in basophils
obtained from patients with occupational asthma due to western red cedar
suggests that tyrosine kinases are not as important in this disease as in atopic
asthma, and is consistent with the view that histamine release in red cedar
asthma is largely IgE-independent.
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Occupational asthma due to western red cedar
(Thuja plicata) is a common problem in the sawmill
industries of the Pacific North-West of America
(British Columbia, Oregon, and Washington) (1).
Western red cedar asthma (WRCA) is thought to
be caused by sensitization to plicatic acid (PA), a
low-molecular-weight organic compound which
makes up about 40% by weight of cedar dust. In
sensitive subjects, inhalation of PA induces bron-
choconstriction (1) and local release of histamine
and leukotrienes which can be detected in bron-
choalveolar lavage (BAL) fluid (2). Plicatic acid
releases histamine from basophils and lung tissue
of affected subjects in vitro, in a dose-dependent
manner (3), but serologic and in vitro studies have

cast doubt on the role of IgE in this form of allergic
asthma (3).

Cross-linking of IgE-Fc receptor molecules
(Fc,RI) on the surface of basophils and mast cells
leads to degranulation and the release of histamine.
Studies of the subcellular mechanisms of IgE-
dependent degranulation have shown that hista-
mine release requires the generation of an intra-
cellular calcium flux, which follows phospholipase
C-mediated hydrolysis of inositol phospholipids
and the liberation of inositol (1, 4, 5)-triphosphate
and diacyl glycerol (4). At least five different
coupling mechanisms have been described which
enable cell-surface receptors to activate phospho-
lipase C (PLC) in various different cell types (5-9).
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In rodent models (rat basophilic leukaemia cells
and mouse mast-cell lines), it has been shown that
cross-linking FcRI rapidly activates tyrosine
kinase with subsequent phosphorylation of tyro-
sine residues on the Fc,RI molecule and subse-
quently on PLCy (10-12).

A number of agents have been developed that
selectively inhibit protein kinase activity in vitro.
These agents have been used successfully to dem-
onstrate the importance of tyrosine phosphoryla-
tion in the degranulation of human neutrophils in
vitro (13). In the present study, we have investi-
gated the role of tyrosine kinase and the serine/
threonine kinase, protein kinase C (PKC) in hista-
mine release from human basophils, firstly when
induced by stimuli that are known to be IgE-
dependent and secondly when induced by plicatic
acid.

Material and methods
Chemicals

Unless otherwise stated, all chemicals were pur-
chased from Fisher Scientific Ltd, Vancouver, BC,
Canada. Calcium ionophore A23187, human serum
albumin, and antibiotics were purchased from
Sigma Chemical Co, St Louis, MO, USA. Mixed
grass pollen extract (no. 5, containing equal pro-
portions of orchard, redtop, timothy, sweet vernal,
and Kentucky bluegrass pollens) was purchased
from Hollister-Stier (division of Miles Laborato-
ries, Elkhart, IN, USA). Tyrode’s buffer was pre-
pared as a total of sodium chloride 8 g/l, glucose
1 g/l, HEPES 2.4 g/l, disodium hydrogen phosphate
0.06 g/l, and potassium chloride 0.2 g/l, adjusted to
pH 7.4, and used for all washing steps. For in vitro
challenge experiments, Tyrode’s buffer was supple-
mented with magnesium chloride 0.1 g/, calcium
chloride 0.2 g/l, human serum albumin 0.1% w/v,
penicillin 100 U/ml, streptomycin 100 pg/ml, and
amphotericin 0.25 pg/ml. Goat antihuman IgE
(Sigma) was reconstituted in the challenge buffer
at 30 mg/ml, aliquotted, and stored at —20°C until
required.

The tyrosine kinase inhibitor methyl 2,5-dihy-
droxycinnamate (MDHC) and its inactive stereo-
isomer were prepared as previously described (14),
lyophilized, and stored at —~80°C until required. The
protein kinase C inhibitor staurosporin was
obtained from Biomol, Inc, Philadelphia, PA, USA.
At the commencement of the experimental series,
these drugs were dissolved at 100 mM/l in dimethyl-
sulphoxide, aliquotted, and stored at -20°C until
required. Immediately before use, the drug aliquots
were thawed and diluted to 100 pM/1 in challenge
buffer.
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Subjects

Atopic and nonatopic asthmatic subjects were
recruited from patients with asthma attending the
University of British Columbia Respiratory Clinic
at Vancouver General Hospital. Patients with
WRCA were referred for evaluation with a com-
patible history, and sensitivity to PA was confirmed
by formal challenge testing, as previously described
(3). Atopic status was determined by skin prick
tests to a panel of 14 common airborne allergens,
one or more positive skin tests 3 mm or greater
than the diluent control being the operational
definition of atopy. Nonatopic, nonasthmatic labo-
ratory personnel served as control subjects.

Kinase inhibition experiments

Peripheral blood leukocytes were prepared by
dextran sedimentation of heparinized venous
blood and washed twice in Tyrode’s buffer. Ali-
quots of 2 million leukocytes were pelleted in
polypropylene tubes (Sarstedt, Nurnbrecht, Ger-
many) and resuspended in 1 ml challenge buffer
containing MDHC 100 uM/], staurosporin 100 pM/
1, or buffer alone. The tubes were capped and then
preincubated for 5 min in a water bath at 37°C.
After preincubation, the cells were challenged by
adding 50-ul volumes of reagents to give final
concentrations of grass pollen of 100 PNU/ml, anti-
IgE 10 pg/ml, or calcium ionophore 1 pg/ml. Con-
trol cells received 50 ul challenge buffer. All chal-
lenges were performed in triplicate. Tubes were
then recapped, vortexed, and returned to the water
bath. After 30-min incubation at 37°C, the tubes
were centrifuged and the supernatants removed
and stored at —80°C until assayed for histamine
content. The cell pellets were resuspended in 1 ml
Tyrode’s buffer and then frozen and thawed twice
to release residual histamine. Histamine was
assayed by a single isotope radioenzymatic assay,
as previously described (2, 15). The sensitivity of
this assay is 20 pg histamine and the coefficient of
variation of repeat measurement less then 2.5%.
All histamine measurements were performed in
duplicate and results were expressed as the per cent
release of the total histamine content. The inhibi-
tory activity of each drug was calculated by com-
paring the mean net release induced by each
reagent in the presence and absence of the drug
(after subtracting background histamine release in
the appropriate control tubes). In a parallel series
of experiments, the specificity and dose-depend-
ence of MDHC-induced inhibition of histamine
release were studied by preincubation with a series
of concentrations of MDHC and its precursor. The
reversibility of MDHC treatment was studied by
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Fig. 1. Net per cent release of histamine from peripheral blood
leukocytes pretreated with challenge buffer alone, MDHC 100
UM/L, or staurosporin 100 UM/l and then challenged with anti-
IgE 10 pg/ml (n=15) and grass pollen 100 PNU/ml (n=6).
Statistical comparisons of drug-treated and untreated cells by
paired r-test: **P<0.01.

preincubating basophils with MDHC for 5 min, and
then washing twice in Tyrode’s buffer to remove
MDHC before challenge.

Ethical approval

This study was approved by the ethics committee
of the University of British Columbia.

Results

To be eligible for inclusion in the analysis,
untreated basophils had to release at least 15% of
total basophil histamine in response to the chal-
lenge agent in question. This cutoff was chosen so
that there was sufficient signal against which to
judge the magnitude of any drug inhibition. Fifteen
subjects released =15% histamine to anti-IgE.
When basophils from these subjects were preincu-
bated with MDHC 100 uM/l, mean histamine
release was reduced from 27.8% to 19.2% (mean
reduction 29.8%; P<0.01). In contrast, stau-
rosporin 100 uM/l had no effect on anti-IgE-
induced histamine release (mean release 26.2% vs
27.8% for control cells; P=NS) (Fig. 1). The effect
of MDHC on IgE-dependent histamine release was
dose-dependent (Fig. 2) and could be completely
reversed by washing the cells twice in Tyrode’s
buffer (Fig. 3). The specificity of this response was
confirmed by parallel control studies (n=3) using
the stereoisomer of MDHC, which did not affect
histamine release induced with either anti-IgE or
grass pollen (data not shown).

Six atopic subjects were identified from whose cells
grass pollen induced release of at least 15% of total
leukocyte histamine. Pretreatment with MDHC
100 uM/1 partially inhibited histamine release to
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Fig. 2. Dose-dependence of effects of MDHC (1, 10, and
100 AM/1) on histamine release from basophils of three atopic
subjects triggered by buffer, anti-IgE 10 plg/ml, or grass pollen
100 PNU/ml.

grass pollen in five of these six subjects (mean
histamine release 43.1% vs 26.8%; 48% inhibition;
P<0.01) (Fig. 1). As with anti-IgE, staurosporin
100 uM/1 had no significant effect on grass pollen-
induced histamine release (42.2% mean histamine
release after staurosporin compared to 43.1% from
control cells; P=NS) (Fig. 1).

For assessment of the role of tyrosine kinase
activation in histamine release induced by plicatic
acid, blood was obtained from a total of 20 patients
with occupational asthma due to western red cedar.
Nine of these subjects released 15% or more of
total basophil histamine when challenged in vitro
with plicatic acid 100 pg/ml. Pretreatment with
MDHC 100 pM/ml partially inhibited histamine
release to plicatic acid in six of the nine subjects
(mean histamine release 25.4% vs 33.8% for buffer-
treated cells; 24.7% inhibition; P=NS) (Fig. 4). In
contrast to the pattern of drug effects seen with
pollen and anti-IgE, staurosporin 100 uM/ml also
partially attenuated plicatic acid-induced histamine
release in six of the nine subjects (mean histamine
release 25.3% vs 33.8%; mean inhibition 25.1%;
P=NS) (Fig. 4). Five of these subjects were partially
inhibited by both MDHC and staurosporin, two
were unaffected by either drug, and one each was
inhibited by MDHC or staurosporin alone.

Discussion

Pretreatment with the specific tyrosine kinase
inhibitor MDHC attenuated allergen- and IgE-
mediated histamine release from basophils in a
reversible and dose-dependent manner. The serine/
threonine kinase (PKC) inhibitor staurosporin did
not affect histamine release induced by these stim-
uli. In contrast, both MDHC and staurosporin
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Fig. 3. Reversibility by washing of effect of MDHC 100 uM/1
on histamine release from blood leukocytes triggered by anti-
IgE 10 pig/ml, calcium ionophore 1 pg/ml, or grass pollen 100
PNU/ml (n=2).

partially attenuated basophil histamine release
induced by plicatic acid, the causative agent of
occupational asthma due to western red cedar.
Taken together, these results indicate that tyrosine
kinase activation is an important coupling mecha-
nism in IgE-dependent degranulation of human
basophils, and that plicatic acid-induced basophil
degranulation probably operates through a differ-
ent pathway or pathways.

Previous experiments have demonstrated that
MDHC is a highly specific inhibitor of tyrosine
kinases (14); therefore, it is reasonable to conclude
that the effects observed here were due to tyrosine
kinase inhibition. One limitation of this study was
the use of unfractionated leukocytes: however, the
triggering system and the readout used are
basophil-specific. Both anti-IgE and allergen oper-
ate through the IgE molecule and its high-affinity
Fe receptor, and in human atopic blood, these are
found only on basophils. Similarly, the principal
readout was histamine release, and histamine is
released only from basophils, and not from other
formed blood elements.

Degranulation of both basophils and mast cells
is thought to require activation of phospholipase
C-y, hydrolysis of inositol-containing phospholip-
ids, and liberation of inositol triphosphate and 1-2-
diacylglycerol (16). Inositol triphosphate is a sec-
ond messenger molecule which has been shown in
several cell types to elicit a rise in intracellular
calcium concentrations, which then combine with
diacylglycerol to trigger degranulation. However,
this process appears to have some biologic redun-
dancy in that activation of PLC-y and protein
kinase C, together with an increase in intracellular
calcium, is necessary but not sufficient to account
for the full secretory signal of the mast cell (17).
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Fig. 4. Effect of pretreatment with MDHC or staurosporin on
plicatic-acid-induced histamine release from leukocytes
obtained from patients with Western red cedar asthma. Linked
points represent data from same subject. Bars show mean
values. No significant difference between groups.

Evidence from rat basophilic leukaemia cells sug-
gests that tyrosine phosphorylation may affect not
only Fc,R function but also the activity of PLC and
the availability of substrate for PLC (8, 18). A
similar sequence of events occurs in PLC activation
via the T-cell antigen receptor and the epidermal
growth factor receptor (19). However, while the T-
cell antigen receptor and the epidermal growth
factor receptor have intrinsic tyrosine kinase activ-
ity, current evidence suggests that the Fc,RI mole-
cule lacks any tyrosine kinase activity, although
tyrosine kinases have been coprecipitated with the
Fc RI molecule (20, 21).

In rodents, ligation of Fc,RI by anti-IgE leads to
phosphorylation of tyrosine, serine, and threonine
residues on the Fc.RI molecule (11, 16). The
present data suggest that the serine and threonine
phosphorylation is not critical to Fc.RI function in
that IgE-dependent degranulation was not inhib-
ited when basophils were pretreated with stau-
rosporin. In a separate study, we found that
phorbol esters, which activate serine/threonine
kinases (PKC), did not cause any increase in
histamine release (Salari et al., unpublished obser-
vations), while, in the present study, the PKC
inhibitor staurosporin was unable to block anti-
IgE-induced histamine release. These results sug-
gest that although PKC is activated by Fc.RI
ligation, it does not play an important role in
histamine release from human basophils. In addi-
tion, the lack of effect of the precursor of MDHC
confirms the involvement of a specific mechanism
in IgE-induced activation of tyrosine kinases. It
remains unclear whether the tyrosine kinase activ-
ity is associated with the Fc,RI molecule or is
associated with some postreceptor signalling group
such as PLC. In rodents, pretreatment with tyrosine
kinase inhibitors completely abolished histamine
release from mast cells and leukaemic basophils




(11, 12), while here, only partial inhibition was
observed: this suggests that more than one kinase
system may be active in human basophils.

Having demonstrated the involvement of tyro-
sine kinases in IgE-dependent basophil histamine
release, we could use MDHC to explore the mech-
anism of histamine release in red cedar asthma, a
form of occupational asthma which is not thought
to involve IgE (3). Our observation that MDHC
did not significantly inhibit plicatic acid-induced
basophil histamine release provides further evi-
dence that plicatic acid triggers histamine release
through IgE-independent mechanism(s). It would
be interesting to apply this same approach to other
forms of IgE-independent occupational asthma
such as asthma due to isocyanates.

These findings offer a potential avenue for the drug
treatment of atopic disease, if it proves possible to
identify and inhibit tyrosine kinases that are specific
for Fc,RI of mast cells or basophils. Tyrosine kinase
inhibitors may also be a useful tool for dissecting
mechanisms of basophil degranulation by flagging
proteins relevant to the degranulation process.
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