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Passive sensitization of human airways increases
responsiveness to leukotriene C4
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ABSTRACT: Passive sensitization of human airways in vitro causes increased
responsiveness to histamine and induces specific immunoglobulin (Ig)E-dependent
contractile responsiveness to allergen. Leukotrienes (LTs) and, to a lesser extent,
histamine are the major mediators of allergen-induced contraction. Since it is unclear
whether passively sensitized airways are also hyperresponsive to cysteinyl leukotrienes, this study investigated the effect of passive sensitization on LTC4-, in addition
to histamine- and allergen-induced contractions in vitro.
Bronchial rings from nine nonatopic patients were sensitized overnight with serum
containing high levels of total IgE (>250 U.mL-1) and allergen-specific IgE against
Dermatophagoides farinae (fluorescence allergosorbent test) (FAST class $3).
The potency (-log10 of the mediator concentration causing a half maximal response
(pEC50) of histamine was significantly increased in serum-sensitized tissues compared
to nonsensitized controls ((meanSEM) pEC50 5.200.27 versus 5.640.18; p=0.02) and
maximal contractions were enhanced (87747 versus 54351 mg; p<0.0001). Similarly,
the potency of LTC4 was significantly increased in sensitized compared to nonsensitized bronchial rings (pEC50 9.370.20 versus 8.660.26; p=0.004); maximal contractions were also enhanced (81157 versus 36186 mg; p<0.0001).
These data demonstrate that passive sensitization of human airways induces an
increase not only in histamine but also in leukotriene responsiveness. Therefore, it
might be speculated that allergen responses in sensitized airways are effected through
a combination of increased mediator release from inflammatory cells and increased
responsiveness of airway smooth muscle.
Eur Respir J 1999; 14: 315±319.

Allergen-induced bronchoconstriction is one characteristic feature of bronchial asthma. Early and late phase
responses to allergen in patients with asthma can almost be
abolished by combined pretreatment with leukotriene (LT)
and histamine receptor antagonists [1]. In close analogy to
these in vivo findings, allergen-induced contractions of
isolated airways obtained from patients with extrinsic
asthma were also abolished after pretreatment with a
combination of LT and histamine receptor antagonists in
vitro [2]. Therefore, LTs and histamine are considered to
be the most important mediators of allergen responses in
human airways under in vivo as well as in vitro conditions.
Isolated airways from asthmatic patients are difficult to
obtain. Therefore, passively sensitized isolated human
airways serve as an in vitro model for airway hyperresponsiveness to explore the pathophysiological mechanisms
which underly the induction of smooth muscle hypercontractility [3]. Passive sensitization, the incubation of tissue
from normal individuals with immunoglobulin (Ig)E-rich
serum, induces specific IgE-dependent responsiveness to
allergen [4] and increases nonspecific responsiveness to
histamine [5, 6]. Furthermore, it has been demonstrated
that passive sensitization of human airways increases the

*Leiden University Medical Center, Dept
of Pulmonology, Leiden, the Netherlands.
+
Krankenhaus Grosshansdorf, Zentrum
fuÈr Pneumologie und Thoraxchirurgie,
LVA Hamburg, Grosshansdorf, Germany.
Correspondence: K.F. Rabe
Leiden University Medical Center
Dept of Pulmonology
3C-P, P.O. Box 9600
NL-2333 ZA Leiden
The Netherlands
Fax: 31 715266927
Keywords: Allergen bronchial
responsiveness histamine human airways
leukotrienes passive sensitization
Received: January 19 1999
Accepted after revision June 29 199
Supported by a grant from GlaxoWellcome Medicines Research, UK.

responses to KCl [5] and contractile neuropeptides [7]; it
augments smooth muscle shortening velocity and capacity, as well as myogenic responses [8, 9], and decreases
the relaxant responses to bronchodilating neuropeptides
[7].
LTs are believed to be the main mediators of IgEdependent contractile responses to allergen in isolated
human airways. By analogy to the induction of bronchial
hyperresponsiveness to histamine, it was hypothesized that
not only is the release of LTs increased in sensitized
airways [1] but that, in addition, the responsiveness of the
airway smooth muscle to LTs is enhanced. Therefore, the
aim of this study was to investigate the effect of passive
sensitization on LTC4-induced contractions in human
airway smooth muscle.
Methods
Tissue preparations
Macroscopically normal airways were obtained from nine
patients undergoing surgery for lung cancer (table 1). None
were chronically treated with theophylline, b-adrenoceptor
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Table 1. ± Details of tissue donors
Patient
No.

Sex

Age
yrs

Smoking status+

Pack-yrs

VC
L

FEV1
% pred

Histology

Total IgE
U.mL-1

1
2
3
4
5
6
7
8
9
Mean

F
M
M
M
M
M
M
M
M

73
51
66
38
61
52
61
48
76
58
4

Ex
Ex
Yes
Yes
Ex
Ex
Yes
Ex
Yes

30
65
25
12
45
15
40
75
83
43
9

2.07
3.45
3.69
4.5
2.01
5.45
4.34
4.53
4.42
3.83
0.39

93
70
99
94
55
113
82
104
82
88
6

AdCa
SqCa
SqCa
Sequester
AdCa
Met
AdCa
SqCa
SqCa

159
83
<10
18
158
11
180
191
21
92
26

SEM

+: Ex=stopped smoking 6 months prior to the study, Yes=current smoker until the week before surgery. VC: vital capacity; FEV1:
forced expiratory volume in one second, % of predicted [10]; IgE: immunoglobulin E; F: female; M: male; AdCa: adenocarcinoma;
SqCa: squamous cell carcinoma; Met: metastases.

agonists, corticosteroids or anticholinergic drugs. All
patients showed a negative history of atopy. Serum IgE
levels of all tissue donors were measured shortly after
surgery. Immediately after resection, peripheral airways
(1±3 mm internal diameter) were dissected free of
alveolar tissue and cut into rings (2±4 mm long).
Passive sensitization
Tissues were rotated overnight at room temperature in
tubes containing modified Krebs buffer (composition in
mM: NaCl 118.4, KCl 4.7, MgSO4 0.6, CaCl2 1.3,
KH2PO4 1.2, NaHCO3 25.0, glucose 11.1; pH 7.4) in the
absence or presence of sensitizing serum (10% v/v). The
sensitizing serum was prepared from the whole blood
of individuals who demonstrated high total IgE (>250
U.mL-1) and specific IgE-antibodies (fluorescent allergosorbent test (FAST) class $3) against allergen (Dermatophagoides farinae). Sera were not pooled but were stored
frozen at -208C in 200±250 mL aliquots until required. The
following morning, rings were transferred to 10 mL organ
baths (GlaxoWellcome Medicines Research, UK) containing oxygenated (95% O2, 5% CO2) modified Krebs buffer
(pH 7.4; 378C).
Tension measurements
Tissues were equilibrated in modified Krebs buffer for
$60 min at a resting tension of ~400 mg before a single
dose (1 mM) of the b-adrenoceptor agonist isoproterenol
was applied to determine the amount of inherent tone.
After full recovery of the tissues, histamine concentration/
effect curves (10 nM±300 mM) were performed. Contractile responses measured in milligrams were recorded. After
washing and re-equilibration of the tissues for ~60 min,
LTC4 concentration/effect curves (3 pM±0.3 mM) were
assessed. All concentration/effect curves were constructed
in a cumulative manner, using incremental concentrations
spaced at half log10 intervals. To ensure that negative
responses to LTC4 were not the result of deterioration of
contractile responses, tissues were exposed to a single
concentration of spasmogen (carbachol 0.1 mM) at the end
of the experiments. Finally, the wet weight of each tissue
was determined at the end of the experiments.

Measurements and analysis of results
All responses were recorded as absolute changes in
isometric tension (mg). The potency of histamine and
LTC4 was calculated from concentration/effect curves by
nonlinear curve-fitting using the InPlot1 program (GraphPadTM Software, San Diego, CA, USA) for each individual
tissue and expressed as the -log10 of the concentration
causing a half-maximal effect (pEC50). All values are
expressed as the meanSEM of the indicated number of
experiments with tissues derived from different individuals. Statistical analysis of the data was performed using
the paired t-test. To study the relationship between the
responses to histamine and LTC4, the linear correlation
coefficients were computed. A p-value <0.05 was considered significant.
Materials
Isoproterenol, histamine and carbachol were obtained
from the Sigma Chemical Company (Deisenhofen, Germany); LTC4 was purchased from the Cayman Chemical
Company (Ann Arbor, MI, USA).
Isoproterenol, histamine and carbachol were dissolved
in distilled water; LTC4 was dissolved in Hanks' balanced
salts solution containing 1% (w/v) bovine serum albumin.
Results
Baseline characteristics of the bronchial rings
There was no significant difference between passively sensitized and nonsensitized tissues in wet weight
(8.63 0.77 versus 9.660.83 mg), resting tension (37029
versus 42821 mg) or inherent tone (the magnitude of
relaxation after a single dose of isoproterenol, 21720
versus 22033 mg).
Effect of passive sensitization on histamine responses
Histamine caused concentration-dependent contractions
in both sensitized and nonsensitized preparations (fig.
1). The magnitude of the maximal contractions was
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Relationship between leukotriene C4 and histamine responses
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There was a significant correlation between the responses to LTC4 and histamine in passively sensitized and
nonsensitized tissues, both for maximal contractions (r=
0.70, p=0.0007; fig. 3a) and the potency expressed as
pEC50 (r=0.52, p=0.01; fig. 3b).
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Fig. 1. ± Contractile concentration/effect curves to histamine in
nonsensitized (s) and passively sensitized (*) airway tissue preparations. Data are the meanSEM of nine experiments.

significantly greater in serum-sensitized (87747 mg, 110
14 mg.mg wet weight-1) than in nonsensitized tissues
(54351 mg, 619 mg.mg wet weight-1; p<0.005, for
each) from the same individual. In addition, the potency
of histamine was significantly increased in sensitized
(pEC50, 5.640.18) compared to nonsensitized tissues
(5.200.27; p=0.02).
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LTC4 caused concentration-dependent contractions in
both serum-sensitized and nonsensitized preparations (fig.
2). The magnitude of maximal contractions was significantly greater in sensitized tissues (81157 mg, 10213
mg.mg wet weight-1) compared to nonsensitized tissues
(36186 mg, 4112 mg.mg wet weight-1; p<0.001, for
each) from the same individual. The potency of LTC4 was
also significantly increased in serum-sensitized tissues
(pEC50, 9.370.20) compared to nonsensitized tissues
(8.660.26; p=0.004).

This study demonstrates that passive sensitization of
human airways causes increased responsiveness to LTC4 in
vitro. Furthermore, airway responsiveness to LTC4 and
histamine were related to each other. These data suggest
that allergen responsiveness in passively sensitized airways
is not only associated with an increased release of these
mediators from inflammatory cells, but also with an
increased reactivity of the airway smooth muscle to both of
these mediators.
The present data are in agreement with previous reports
that passive sensitization, in addition to the induction of
allergen responsiveness [4], induces nonspecific hyperresponsiveness to histamine in isolated human airways.

Maximal concentration to LTC4 mg

Contraction (change in tension) mg
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Fig. 2. ± Contractile concentration/effect curves to leukotriene (LT)C4
in nonsensitized (s) and passively sensitized (*) airway tissue preparations. Data are the meanSEM of nine experiments.
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Fig. 3. ± Relationship between a) maximal contractions to histamine
and leukotriene (LT)C4 and b) potencies expressed as the -log10 of the
concentration causing a half-maximal effect (pEC50) in passively
sensitized (*) and nonsensitized airway tissues (s).
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This is reflected by an increase in the magnitude of
maximal contraction [5, 6] and a leftward shift in the
concentration/effect curves, i.e. an increase in potency
[4]. However, the contribution of histamine to allergen
responses in vitro appears to be of minor importance,
whereas LTs are believed to be the single most important
class of mediators [2]. The induction of allergen responses by passive sensitization depends primarily on the
presence of specific IgE antibodies in the sensitizing
serum [4, 11] and is most likely effected through the
liberation of mediators from mast cells. Although LTs are
major contributors to allergen responses in vitro and in
vivo, it is surprising that the effect of passive sensitization
on airway responsiveness to LTs has not been investigated to date, in contrast to the responsiveness to
histamine and other nonspecific stimuli [5±9, 12].
The novel finding of the present study is that passive
sensitization of human airways increased the responsiveness to LTC4 compared to nonsensitized control tissues.
The shift in potency as well as in maximal contractions
caused by passive sensitization was of a similar magnitude
to the shift observed in response to histamine. It is
noteworthy that in these experiments, the shift in the
potencies for either stimulus caused by passive sensitization was approximately a half log concentration, the
potency ratio between LTC4 and histamine was ~1000:1,
both findings being in accordance with earlier studies in
isolated human bronchi [4, 13, 14].
Furthermore, these data present a close analogy to the in
vivo finding [15] that there is a significant correlation
between the airway reactivity to LTE4 and histamine in
patients with bronchial asthma as well as normal subjects.
The present results demonstrate a comparable relationship in passively sensitized and nonsensitized bronchi in
vitro. This analogy underlines the notion that passive
sensitization is a useful in vitro model for nonspecific and
specific airway hyperresponsiveness and closely mimics
clinical findings.
It is noteworthy that, in contrast to allergen responsiveness, the induction of nonspecific bronchial responsiveness
is independent of serum IgE but dependent upon a still
unknown serum factor that appears to be IgE-related [16].
Since hyperresponsiveness in sensitized human airways
has been demonstrated with many different nonspecific
stimuli [5±9], it is conceivable that the nonspecific
hyperresponsiveness reflects alterations of the airway
smooth muscle itself [17]. This may include changes in
contractile proteins or their activating enzymes such as
myosin light chain kinase [18±20], ion channels, in
particular calcium channels [5], or changes in cell membrane potentials [21].
Airway preparations contain different cell types such as
smooth muscle cartilage, epithelial and inflammatory cells.
Although it is likely that an alteration of airway smooth
muscle plays an important role in the induction of
hyperresponsiveness, the heterogeneity of the preparations
poses a limitation to the conclusions on the underlying
mechanisms that can be derived from the present experiments. For example, it has been shown that the activation
and/or distribution of mast cells is altered in sensitized
airways [22, 23]. Further analysis of sensitization-induced
changes within the tissue will have to be evaluated separately for different cell types in order to link those

changes to underlying mechanisms of the induction of
airway hyperresponsiveness.
In summary, this study demonstrates that passive
sensitization of isolated human airways induces hyperresponsiveness to LTC4, in addition to histamine. Therefore,
it is concluded that the induction of allergen responses in
passively sensitized airways may not only be related to an
increased release of mediators such as LTC4 and histamine,
but also to an enhanced responsiveness of the airway
smooth muscle to these mediators.
It is known that in patients with extrinsic asthma,
allergen challenge causes an increased release of leukotrienes, as indicated by elevated levels in bronchoalveolar
lavage fluid or urine [1]. The current data suggest that the
effects of even small increases in leukotriene levels might
be underestimated only if these changes are taken into
account and not the concomitant increase in smooth
muscle responsiveness to leukotrienes.
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