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SPECIAL ARTICLE 

Effects of Inhibitors of the Tyrosine 
Kinase Signaling Cascade on an In 
Vitro Model of Allergic Airways 

W.S.F. Wong, F. Tsang, H. Li and B. Ma 

Asthma is a chronic airway 
inflammatory disease characterized 
by airway hyperresponsiveness and 
recurrent reversible airway obstruc
tion. The prevalence and mortality 
rate of asthma have been rising for 
the past decade despite the fact that 
our understanding of the pathogen
esis of this airway disease has ad
vanced substantially. 1 The mast cell 
has been implicated to playa pivot
al role in asthma because mast cell 
degranulation induced by cross
linking of high-affinity Fc recep
tors (FceRI) releases a wide array 
of inflammatory mediators such as 
histamine, leukotrienes and cyto
kines.2 Recently, the precise mole
cular signaling pathways respon
sible for mast cell degranulation 
have been delineated (Fig. I). Cu
mulating evidence obtained from a 
rat basophilic mast cell line (RBL
2H3) and bone marrow-derived 
mouse mast cells showed that 
activation of non-transmembrane 
protein tyrosine kinases (PTKs) is 
the earliest detectable signaling 
response to FceRI cross-linking.3 

SUMMARY It has been shown that activation of protein tyrosine klnases 
(PTKs) is the earliest detectable Signaling response to FCERI cross-linking 
on mast cells. Following tyrosine kinase activation, a family of mitogen-acti
vated protein kinases (MAPKs) was found to be activated as well. Activa
tion of this PTK signaling cascade will lead to mast cell degranulation. This 
review summarizes our recent stUdies on the role of PTK signaling cas
cade In an in vitro guinea pig model of allergic asthma using PTK inhibi
tors, genistein and tyrphostin 47, and MAPK kinase inhibitor, PD098059. 
Inhibitors of the PTK and MAPK Signaling pathways Significantly attenuated 
the ovalbumin {OVAl-induced bronchial anaphylactic contraction and en
hanced relaxation of constricted airways, respectively, and substantially 
blocked the release of histamine and peptldoleukotrienes from chopped 
lung preparations Induced by OVA. Based upon their substantial inhibitory 
effects on the Schultz-Dale reaction, further examination on the potential 
anti-asthmatic effects of PTK cascade inhibitors in an in vivo model of 
allergic asthma is recommended. 

Specific PTKs such as src-related 
kinase Lyn,4 72-kDa Syk5 and 77
kDa Btk6 have been shown to be 
activated rapidly after FceRI aggre
gation. This is followed by down
stream signaling events such as 
activation of phospholipase Cy 
(PLCy), increase in inositol 1,4,5
trisphosphate (IF3) and intracellular 
Ca++ levels, enhanced protein kinase 
C activity and activation of mitogen
activated protein kinase (MAPK), 
and eventually leads to mast cell 
degranulation.7

•
10 

PTK inhibitors have been 
shown to block antigen-induced 
activation of PTKs, related down
stream signaling events (eg. IF3 
production) and histamine release 
from mast cells. lI,n On the other 
hand, MAPK kinase inhibitor was 
found to inhibit tumor necrosis fac
tor-a. production from a mast cell 
line upon F ceRI cross-linkingY 

From the Department of Pharmacology, 

Faculty of Medicine, National University of 

Singapore, Singapore. 

Correspondence: W.S.F. Wong 




230 WONG. ETAL. 

Since mast cell degranulation is the 
hallmark of immediate-type hyper
sensitivity reaction occurring in 
asthma, it is essential to examine 
the potential anti-asthmatic effects 
of PTK inhibitors on an in vitro 
model of allergic asthma. 

In vitro guinea pig model of al
lergic asthma 

The Schultz-Dale reactionl4 

has been used extensively to study 
anaphylactic contraction of airway 
tissue preparations such as trachea, 
bronchi and lung parenchymal 
stripS.15J6 In guinea pigs, both 19E 
and IgG are able to sensitize mast 
cells to specific antigen, and cross
linking of their corresponding FCE 
RI and FcyR leads to mast cell 
degranulation. 17 FCERI and FcyR 
are structurally and functionally 
related, and both belong to a family 
of multi-subunit antigen receptor.18 

It has been shown that engagement 
of these cell surface receptors acti
vates PTKs and MAPK pathways 
for successful signal propagation 

18and cellular activation. 13. Among 
a wide array of mast cell-derived 
inflammatory mediators such as 
thromboxane A2, prostaglandin D2 
and platelet-activating factor, pep
tidoleukotrienes and histamine 
have been shown to be the major 
mediators responsible for the 
anaphylactic contraction of the 
airways.'9,20 A combination of his
tamine (HI) receptor antagonist and 
peptidoleukotriene receptor antago
nist has been shown to block sub
stantially the anaphylactic contrac
tion of airway tissue preparations 
from both human and guinea pig.20 

Recently, we have examined the 
effects of PTK inhibitors and 
MAPK kinase inhibitor on antigen
induced bronchial smooth muscle 
contraction and release of inflam

matory mediators from sensitized 
lung fragments. 2l ,22 

Inhibitors of PTK cascade on 
anaphylactic airway contraction 

We passively sensitized 
guinea pigs with IgG raised against 
ovalbumin (OVA) and studied the 
effects of two PTK inhibitors, 
genistein23 and tyrphostin 47,24 and 
a MAPK kinase inhibitor, 
PD09805925 on OVA-induced an
aphylactic contraction of isolated 
guinea pig bronchi. Genistein and 
tyrphostin 47 are structurally and 
functionally unrelated inhibitors of 
PTK. Genistein is an isoflavone 
compound that inhibits PTK 
activity of the epidermal growth 
factor receptor and pp60v

•
src via 

competitive inhibition at the ATP
binding domain of the kinases.23 
Tyrphostin 47 is a derivative of the 
dihydroxybenzylidene malononi
trile classs of PTK inhibitors that 
acts by competitive inhibition at 
the substrate site of the kinase.24 

Their relative potencies against 
non-transmembrane PTKs (eg. Syk, 
Lyn, and Btk) remain to be deter
mined. PD098059 is a selective in
hibitor of the activation of MAPK 
kinase by Raf-l and blocks the 
inactive (dephosphorylated) form 
of the MAPK kinase in a non
competitive manner with respect 
to ATP-binding.25 By doing so, it 
prevents subsequent activation of 
p42MAPK and all the downstream 
signaling events. 

OVA-induced anaphylactic 
contraction of the guinea pig bron
chi was significantly inhibited by 
either genistein or tyrphostin 47 in 
a concentration-dependent manner 
(Fig. 2). At 50 j..t.M, both genistein 
and tyrphostin 47 markedly sup
pressed bronchial anaphylactic con
traction by at least 70%. In con

trast, 50 j..t.M daidzein, an analogue 
of genistein that has no inhibitory 
activity on PTK,23 failed to alter the 
anaphylactic contraction. These 
findings are consistent with those 
reported by Iwagoe et al.26 that 
herbimycin A and genistein, two 
PTK inhibitors, significantly inhi
bited antigen-induced guinea pig 
tracheal contraction in vitro. At the 
concentration that significantly in
hibited OVA-induced contraction, 
neither genistein nor tryphostin 47 
altered histamine-induced bronchial 
contraction; whereas only genistein 
significantly suppressed leukotriene 
D4 (LTD4)-induced bronchial con
traction (data not shown).21 The 
smooth muscle relaxant effect of 
genistein might be due to inhibition 
of voltage-operated calcium chan
nel currents as demonstrated in 
vascular smooth muscle.27 How
ever, we still do not know whether 
the inhibition of calcium channel is 
a direct blockade by genistein or a 
result of PTK inactivation. These 
findings indicate that tyrphostin 47 
inhibited OV A-induced bronchial 
contraction mainly via stabilization 
of mast cell while the inhibitory 
effect of genistein is partly medi
ated by mast cell stabilization and 
partly through smooth muscle re
laxation. 

In contrast, PD098059 did 
not substantially inhibit the ampli
tude of OVA-induced bronchial 
contraction with maximum inhibi
tion of only 30% achieved at 50 j..t.M 
(Fig. 3a). However, the OV A-in
duced bronchial contraction relaxed 
markedly faster in PD098059-pre
treated bronchi in a concentration
dependent manner (Fig. 3b). The 
rapid relaxation caused by 
PD098059 might be due to either 
potential smooth muscle relaxant 
effect or inhibition of secondary 
lipid mediator release (eg. peptido
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Fig. 1 	 Schematic diagram showing the tyrosine kinase signaling cascade in mediating 
Schultz-Dale reaction. Upon cross-linking of high affinity FcsRl, specific non-transmem
brane protein tyrosine kinases such as Lyn and Syk are activated. This is followed by 
downstream signaling events such as activation of phosphOlipase Cy (PLCy), increase 
in inositol 1,4,5-trisphosphate (IP3) and intracellular Ca- levels, enhanced protein 
kinase C activity and activation of mitogen-activated protein kinase (MAPK), and even
tually leads to mast cell degranulation. 1, inhibition of tyrosine kinases by genistein or 
tyrphostin 47; 2, inhibition of MAPK kinase by PD 098059. 
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Fig. 2 	 Effects of genistein (GEN)/daidzein (OZ) (panel a) and tyrphostin 47 (panel b) on OVA· 
induced anaphylactic contraction of guinea pig bronchi. Bronchial rings were incubated 
with indicated concentrations of inhibitors or same volume of OMSO for 30 minutes 
prior to 1 j.lg/ml OVA challenge. Each point represent the mean ± S.E.M. for 3-10 
experiments, *Significant differences from OMSO vehicle controls, P < 0,05. (Repro
duced from Wong et al.21 with permission of the American SOCiety of Pharmacology 
and Experimental Therapeutics, copyright 1997) 

DMSO 10 30 50 100 50 

GEN DZ 

Concentration (~M) 

leukotrienes) upon antigen chal- hancedhistamine-induced bronchial 
lenge. Several lines of evidence contraction. The potentiation effect 
demonstrated that vascular smooth of PD098059 might be due to cer
muscle contraction induced by tain "cross-talk" between phospho
phenylephrine, KCI, histamine or lipase C signaling pathway and 
serotonin was partly mediated MAPK pathway or to non-specific 
through tyrosine phosphorylation activity of the inhibitor. These 

p42MAPKand activation of , and 
inhibition of MAPK kinase by 
PD098059 attenuated the agonist-
induced contraction.28

-
3o However, 

our results showed that PD098059 
did not inhibit bronchial contrac
tion induced by KCI, histamine or 
L TD4, and these inflammatory me
diators failed to activate p42MAPK in 
the bronchi (data not shown).22 In 
fact, we observed that PD098059 
concentration-dependently en-

findings suggest that PD098059
mediated rapid relaxation of OV A
induced bronchial contraction is 
likely associated with inhibition of 
secondary lipid mediator release. 

Inhibitors of PTK cascade on the 
release of inflammatory medi
ators 

Guinea pig chopped lung 
preparations released low levels of 

histamine and peptidoleukotrienes 
spontaneously. Upon OVA chal
lenge, the release of histamine and 
that of peptidoleukotrienes from 
lung fragments were dramatically 
increased by about 25-folds and 60
folds, respectively.21 Both genistein 
and tyrphostin 47 concentration
dependently inhibited OV A-in
duced release of histamine and 
peptidoleukotrienes (Fig_ 4). At 50 
J..lM, genistein attenuated the re
lease of histamine and peptidoleu
kotrienes by 54% and 58%, res
pectively; whereas, tyrphostin 47 
inhibited the release by 41 % and 
92%, respectively. In addition, Iwa
goe et al. 26 have also reported that 
both herbimycin A and genistein 

http:respectively.21
http:shown).22
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Fig. 3 Effects of PD098059 on OVA-in
duced anaphylactic contraction of 
guinea-pig bronchi (panel a). Bron
chial rings were incubated with 
indicated concentrations of PD
098059 or same volume of DMSO 
for30 minutes prior to 1 Ilg/mlOVA 
challenge. Each point represents 
the mean ± S.E.M. of 4-8 experi
ments. Time course of OVA-in
duced anaphylactic bronchial con
traction in the presence and ab
sence of PD098059 (panel b). 
Each point represents the mean ± 
S.E.M. of 3-6 experiments. 
"Significant difference from DMSO 
vehicle controls, P < 0.05. (Repro
duced from Tsang et 81. 22 with per
mission of the British Journal of 
Pharrnacology, copyright 1998 
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Fig. 4 	 Effects of tyrphostin 47 (T -47), genistein (GEN) and daidzein (OZ) on the release of 
histamine (panel a) or peptidoleukotrienes (panel b) from OVA-stimulated guinea pig 
chopped lung preparations. Inhibitors at various concentrations were incubated with 
the lung preparations in the presence of 4 J..lM indomethacin and/or 5 mM L-cysteine 
for 30 minutes before OVA stimulation. Each point is the mean ± S.E.M. of 3·7 experi
ments. *Significant differences from OMSO vehicle controls, P < 0.05. (Reproduced 
from Wong at a/.2l with permission of the American Society of Pharmacology and 
Experimental Therapeutics, copyright 1997) 

concentration-dependently inhibited 
histamine release from guinea pig 
tracheal preparations. Several lines 
of evidence showed that genistein, 
tyrphostin 47 and other PTK inhi
bitors blocked anti-lgE-induced his
tamine release from rodent and 
human lung mast cells. 11,31,32 Since 
it has been shown that histamine 
and peptidoleukotrienes are critical 
for anaphylactic contraction of the 
airways,20 marked inhibition of the 
release of both histamine and pep
tidoleuktrienes by genistein or 
tyrphostin 47 may be responsible 
for the inhibition of OVA-induced 
bronchial contraction. 

In contrast, PD098059 
failed to substantially block OV A-
induced histamine release from 
lung fragments at lower concentra
tions. At 50 JlM, PD098059 eli
cited a 40% inhibition of histamine 

release from the lung fragments in 
response to OVA (Fig. Sa). The 
extent of inhibition of histamine 
release produced by PD098059 
resembles that by tyrphostin 47. 
However, PD098059 could only 
demonstrate 30% inhibition of 
OVA-induced bronchial anaphylac
tic contraction as compared to 70% 
attenuation produced by tyrphostin 
47. This can be explained by the 
fact that PD098059, but not 
tyrphostin 47, significantly poten
tiated histamine-i.tduced bronchial 
contraction. 

On the other hand, 
PD098059 markedly inhibited the 
release ofpeptidoleukotrienes from 
OVA-challenged lung fragments in 
a concentration-dependent manner 
(Fig. 5b). It has been demonstrated 
that cytosolic phospholipase A2 
(cPLA2) can be phosphorylated and 

activated by p42MAPK, leading to 
enhanced release of arachidonic 
acid (AA) from the phospholipid 
membrane.33 In twn, the AA is 
converted to peptidoleukotrienes by 
the action of 5-lipooxygenase (5
LO)?4 Therefore, inhibition of the 
MAPK pathway is expected to re
sult in a reduction in the biosyn
thesis of peptidoleukotrienes. Study 
from Zhang et al. 13 showed that 
PD098059 concentration-depend
ently inhibited AA release from 
mast cells upon FceRI engagement. 
We have also showed that 
PD098059 did not block the 
exogenous AA-induced release of 
peptidoleukotrienes from lung frag
ments (Fig. 5c) suggesting that the 
inhibitor does not have direct effect 
on 5-LO activity. This is consistent 
with another study reporting that 
PD098059 does not have direct 
inhibitory effect on recombinant 

http:membrane.33
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Fig. 5 	 Effects of PD098059 on the release of histamine (panel a) or peptidoleukotrienes in 
the absence (panel b) and presence (panel c) of 70 J.LM arachidonic acid (AA) from 
OVA-stimulated guinea pig chopped lung preparations. PD098059 at various concen
trations were incubated with the lung preparations in the presence of 4 J.LM indometha
cin andlor 5 mM L-cysteine for 30 minutes before OVA or combined OVA and AA 
stimulation. Each point is the mean ± S.E.M. of 3-5 experiments. *Significant dif
ference from DMSO vehicle controls, P < 0.05. (Reproduced from Tsang et 81.'l2 with 
permission of the British Journal of Pharmacology, copyright 1998) 

purified 5_LO.34 Therefore, our 
finding of marked inhibition of 
OVA-induced release of peptido
leukotrienes by PD098059 is likely 
mediated through reduction of 
cPLA2 activation via inhibition of 
p42MAPK signaling pathway. Fur
thermore. the substantial inhibition 
of the release of peptidoleuko

trienes by PD098059 is likely 
linked to the rapid relaxation of the 
OV A-induced anaphylactic bron
chial contraction. 

Conclusions 

Our fmdings suggest that 
PTK and MAPK are involved in 

the in vitro model of allergic asth
ma and the inhibitors of PTK and 
MAPK kinase interrupt the early 
signaling pathway of mast cell acti
vation and. therefore, attenuate the 
anaphylactic bronchial contraction 
or facilitate relaxation of con
stricted airways by preventing the 
release of mast cell-derived inflam
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matory mediators such as histamine 
and peptidoleukotrienes. To further 
explore the therapeutic potential of 
inhibitors of the PTK signal cas
cade for the treatment of asthma, 
examination of this class of inhi
bitors in an in vivo model of aller
gic asthma is recommended. 
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