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Inflummatory processes have potential importance in the pathogenesis of bronchial 
hyperresponsiveness and asthma. Because beta-adrenoceptorfunction may be impaired in 
asthma, we studied regulation of the leukocyte respiratory burst using blood samples from 
subjects with bronchial hyperresponsiveness to methacholine Leukocytes ,from hyperresponsivc 
subjects were less responsive to the beta-agonist isoproterenol than were leukocytes from 
healthy control subjects. The magnitude of the respirator?, burst was increased in cells from 
hyperresponsive subjects and correlated with the degree of methacholine responsiveness. These 
results demonstrate that peripheral leukocytes reflect a junctional impairment in beta-adrenrrgic 
responsiveness that parallels airway hyperresponsiveness. Because untreated subjects 
demonstrated a reduction in beta-adrenergic response, the impairment in beta-adrenoceptot 
function was not a result of drug therapy and may be associated with the pathogenesis of 
asthma. (J ALLERGY CLIN IMMUNOL 1992;90:825-32. ) 
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Multiple studies have suggested that inflammatory 
processes are important in the pathogenesis of 
asthma. l-3 In particular, inflammatory cells infiltrate 
the lungs during an asthmatic exacerbation.4. 5 Me- 
diators generated by these cells including platelet-ac- 
tivating factor, leukotrienes, and superoxide anion can 
contribute to bronchial hyperresponsiveness.6-* Phar- 
macologic intervention to prevent inappropriate in- 
flammatory responses could have major therapeutic 
importance. 

Although the importance of beta-adrenoceptor ag- 

Abbreviations used 
FMLP: N-formyl-methionyl-leucyl-phenylala- 

nine 
FEF,,,: Forced expiratory flow at SO%, 

SFEF,,,: Slope of the percent decrease in FEV,, 
induced by methacholine (per miili- 
gram) 

PD,, FEF,,): Provocative dose of methacholine in- 
ducing 35% fall in FEF,,, 

FEV,: Forced expiratory volume in J second 
PMN: Polymorphonuciear neuhophil 

From the Clinical Pharmacology and Gerontology Research Unit 
and Pulmonary Medicine Section, Department of Veterans Af- 
fairs Medical Center, Boise, and the Departments of Medicine 
and Pharmacology, University of Washington, Seattle. 

Supported in part by the Departments of Veterans Affairs (office 
of Research and Development, Medical Research Service) by 
grants from the American Heart Association of Idaho and Glaxo 
inc., Triangle Park, N.C. Dr. Crowley is the recipient of a Faculty 
Development Award from the Pharmaceutical Manufacturers As- 
sociation Foundation. Dr. Connolly was supported by a British 
Geriatrics SocietyiNuftield Foundation Traveling Fellowship. 

Received for publication Oct. 2, 1991. 
Revised June 25, 1992. 
Accepted for publication July 8, 1992. 
Reprint requests: Christopher Nielson. MD, Research Service 

(15 I), Department of Veterans Affairs Medical Center, 500 West 
Fort St., Boise, ID 83702. 

l/1/40879 

onists in the treatment of asthma is well established, 
effects of these agents on inflammatory cell function 
in asthmatic patients are not well understood. Beta- 
adrenoceptor agonists inhibit leukocyte responses.” ” 
Consequently, beta-adrenoceptor agonists including 
plasma epinephrine could be important in the regu- 
lation of inflammatory mediator release. Because 
beta-adrenoceptor function may be abnormal in 
asthma,“’ ” impaired beta-adrenoceptor regulation of 
inflammatory responses may contribute to the patho- 
genesis of asthma. 

To determine whether beta-adrenergic regulation of 
leukocytes is altered in asthma. we have evaluated the 
leukocyte respiratory burst with phlebotomy samples 
from subjects with bronchial hyperresponsiveness. 
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During the respiratory burst, a principal bactericidal 
response,” superoxide anion and other toxic oxygen 
metabolites are generated. Because superoxide anion 
generation is regulated by very low concentrations of 
beta-adrenoceptor agonists,‘, I4 evaluation of beta-ag- 
onist-mediated inhibition of the respiratory burst pro- 
vides a sensitive measure of beta-adrenoceptor func- 
tion that may be relevant to the pathogenesis of 
asthma. 

MATERIAL AND METHODS 
Subjects 

Subjects who were healthy with no history of re- 
spiratory or atopic disease and subjects who had a history 
of intermittent wheezing suggesting bronchial hyperrespon- 
siveness were invited to participate in the study, which in- 
cluded measurements of pulmonary function and metha- 
choline responsiveness. Subjects were 49 t 20 years of 
age (mean ? SD). All volunteers were screened with a 
medical history, physical examination, and ECG. Subjects 
with a history of cognitive impairment, pregnancy, ischemic 
heart disease, thyroid disorder, smoking (current or more 
than 10 pack years history), or therapy with beta-blockers, 
calcium channel blockers, or angiotensin-converting en- 
zyme inhibitors were excluded. Patients with recent (within 
6 weeks) respiratory tract infection, change in bronchodi- 
lator medications, or antihistamine treatment were also ex- 
cluded. No subjects had used oral corticosteroids for at least 
3 months. Oral bronchodilator medications were withheld 
for 48 hours, and inhalers were withheld for 12 hours before 
the study. Three subjects had used inhaled beclomethasone, 
four had used inhaled cromolyn, and four had used ipratro- 
pium. Because patients with severe airway obstruction could 
not withhold medications for a sufficient period of time, 
the study was limited to subjects with mild symptoms. All 
subjects refrained from consuming foods or drinks con- 
taining caffeine and they used no oral medications for 
24 hours before the study. Study conditions were approved 
by the University of Washington Human Subjects Com- 
mittee. 

Methacholine challenge 

Subjects who potentially would have nonspecific bron- 
chial hyperresponsiveness were identified by a history of 
intermittent seasonal or exercise-induced wheezing. Sub- 
jects selected as potentially hyperresponsive had 20% vari- 
ability in forced expiratory volume in 1 second (FEV,). All 
subjects had a baseline FEV, of greater than or equal to 
60% predicted. Twenty-seven potentially hyperresponsive 
and 28 subjects unlikely to be hyperresponsive were iden- 
tified. 

Methacholine challenge was administered by the modi- 
fied Newcastle dosimeter method,15 with an initial 1.5 kg 
dose and then doubling cumulative doses at 5-minute in- 
tervals until a 35% fall in the forced expiratory flow at 50% 
of vital capacity (FEF,,) was achieved or 6.4 mg dose of 
methacholine chloride was administered. Single FEF,, mea- 
surements were performed before each additional metha- 

choline dose. Because a number of subjects received the 
maximal 6.4 mg dose of methacholine before a 357r tall m 
FEF,,, was achieved, the PD,, FEF,,, (provocative dose of 
methacholine inducing 35% fall in FEF,,,) did not provide 
an optimal measure to quantify bronchial responsiveness. 
The log of the simplified slope of the decrease in FEF,,, 
(percent decrease in FEF,,, induced per milligram metha- 
choline (SFEF,,)) was calculated and used as a measure of 
each subject’s nonspecific bronchial responsiveness. Al- 
though parametric analysis was used in most studies, a hy- 
perresponsive group (n = 26) was classified by a log SFEF,,, 
greater than one standard deviation over the mean of the 
group who had no history of wheezing. 

Measurement of leukocyte respiratory burst 

To minimize artifacts from in vitro manipulation of cells, 
the respiratory burst was measured at 37” C with a dilution 
of whole blood within 5 minutes of the time of phlebotomy. 
A 185 ml blood sample was obtained from each subject 
after 30 minutes of supine rest and immediately before pul- 
monary function testing (and before methacholine chal- 
lenge). The samples were then divided and aliquots used 
for measurement of plasma norepinephrine and epinephrine 
(radioenzymatic assay), IgE (amplified immunoradiometric 
assay; Diagnostic Products Corporation, Los Angeles, 
Calif.), lymphocyte beta-adrenoceptor binding, and the leu- 
kocyte respiratory burst. The aliquot used to measure the 
respiratory burst was immediately diluted I : 100 in phos- 
phate-buffered saline solution, which included 100 mgidl 
glucose and 1 mmol/L calcium. The blood dilution was 
automatically introduced into sample tubes containing ap- 
propriate concentrations of calcium ionophore (A23 187) and 
isoproterenol. Luminol (1 kmol/L) was included to detect 
superoxide anion and other oxygen metabolite generation. 
The luminescence was detected by use of a Packard (Packard 
Instrument Co., Downers Grove, Ill.) Picolight luminometer 
at 2-minute intervals, with samples maintained at 37” C. 
The respiratory burst as measured included responses from 
all blood elements including monocytes and eosinophils. 
Because of the numeric predominance of neutrophils with 
respect to other cells capable of generating oxygen metab- 
olites, it is probable that measurements were most associated 
with the neutrophil respiratory burst. 
Lymphocyte beta-adrenoceptor binding 

Beta-adrenoceptor density and affinity were evaluated 
with lymphocyte membranes. Lymphocytes were isolated 
with Ficoll-Hypaque density gradient centrifugation and 
then lysed with 5 mmol/L TRIS HCl at 4” C. HEPES assay 
buffer (10 mmol/L HEPES, 5 mmol/L MgCl, 0.5 
mmol/L sucrose, pH 7.4) was added and membranes frag- 
mented by dounce. The membranes were isolated with ul- 
tracentrifugation and stored at - 70” C until receptor anal- 
ysis. Receptors were analyzed by use of 50 ~1 aliquots of 
the membrane preparation (1 X 10’ cells) with (iodine 125 
[“‘I]) iodocyanopindolol. Nine isotope dilutions were eval- 
uated, and 5 ymol/L propranolol was used to assess non- 
specific binding. After incubation, membranes were vacuum 
filtered at 4” C through Whatman (Whatman Labsales, Hills- 
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bore. Ore.) GFiC filters (presoaked in polyethylenimine) 
with a Brandel (Brandel. Gaithersburg, Md.) cell harvester. 
Dried filters were cut and measured in an LKB (Pharmacia 
LKB Biotechnology, Inc., Piscataway, N.J.) 1281-802 
gamma counter. Total counts were determined from 50 ~1-1 
aliquots at each isotope concentration. To determine recep- 
tor affinity, competition curves were determined by use of 
25 membrane samples incubated with (“‘I) iodocyanopin- 
dolol at the determined kd with increasing isoproterenol 
concentrations (1 p.mol! L to 2.50 pmol/L). 

Statistics and curve fitting 

Nonlinear curve fitting was performed with computer 
assistance by use of the Marquardt algorhythm. Receptor 
density and antagonist affinity were determined from sat- 
uration isotherms calculated with use of Lundon I (Lundon 
software, Cleveland, Ohio). Agonist competition curves 
were evaluated with InPlot (Graphpad Software, San Diego, 
Calif.). Multiple regression, analysis of variance (ANOVA), 
and Student’s f tests were performed with Ecstatic software 
(Montpelier, Vt.). 

RESULTS 

To determine whether beta-adrenergic regulation of 
leukocyte function is impaired in subjects with bron- 
chial hyperresponsiveness, leukocyte inhibition by the 
beta-agonist isoproterenol was evaluated in parallel 
with methacholine challenge. Isoproterenol induced 
significantly less maximal inhibition of the leukocyte 
respiratory burst in subjects with bronchial hyperre- 
sponsiveness (Fig. 1, ANOVA F = 5.03, df = 1,53, 
p < 0.05). inhibition of the respiratory burst induced 
by beta-adrenoceptor agonist was calculated relative 
to the magnitude of the respiratory burst induced in 
simultaneously activated control cells without isopro- 
terenol. Leukocytes were activated with the calcium 
ionophore A23 187, a means of cell activation that is 
very sensitive to inhibition by the beta-adrenoceptor 
agonist isoproterenol. I4 The absolute magnitude of the 
respiratory burst induced by A23187 was not statis- 
tically different between hyperresponsive and normal 
subjects (2442 t 201 and 2570 -t 22 1, respectively, 
luminescence units reflect photomultiplier tube counts 
per second). 

Beta-adrenoceptor binding studies were performed 
in parallel with polymorphonuclear neutrophil studies 
with aliquots of the same blood samples. Lymphocytes 
from subjects with bronchial hyperresponsiveness had 
a reduced percentage of high-affinity beta-adrenocep- 
tors compared with those from control subjects (Table 
1). The number of receptors was not different between 
hyperresponsive and control subjects (Table I). Thus 
maximal inhibition of the leukocyte respiratory burst 
by isoproterenol and the percentage of lymphocyte 
high-affinity receptors were both decreased in asso- 
ciation with bronchial hyperresponsiveness. 
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FIG. 1. lsoproterenol-induced inhibition of the respiratory 
burst in a dilution of whole blood detected with luminol 
after 0.2 FmoliL A23187 stimulation. Inhibition was cal- 
culated as the percentage decrease compared with a sam- 
ple simultaneously stimulated with A23187 in the absence 
of beta-agonist. Data shown are the mean rt SEM of sam- 
ples from 29 subjects with low levels of bronchial re- 
sponsiveness and 26 hyperresponsive subjects. 

The maximal percent inhibition of the respiratory 
burst achieved with high concentrations of isoproter- 
en01 (100 nmol/L to 1 WmoliL plateau) in vitro is 
shown as a function of response to methacholine (per- 
centage decrease FEF,, per milligram of methacho- 
line, SFEF,,) in Fig. 2, A. The ability of beta-agonist 
to inhibit the respiratory burst was markedly reduced 
in subjects with the most severe bronchial respon- 
siveness to methacholine. Regression analysis dem- 
onstrated a significant linear correlation (I =: -.” 0.47, 
p = 0.0001). As demonstrated in Figs. 1. N and C‘, 
subjects with the greatest bronchial responsiveness 
also had a reduced percentage of high-affinity recep- 
tors and reduced high-affinity receptor kcl. Similar to 
the data for the respiratory burst, linear regression 
analysis demonstrated significant correlations between 
bronchial responsiveness and receptor characteristics 
(r = -0.51, p = 0.0001 and r = -0.38, p ;= 
0.001 for Figs. 2, B and C, respectively). In contrast. 
receptor numbers did not appear to be correlated 

with bronchial responsiveness (r =- -- 0 04. I) :a 
0.05). 

Although all patients withheld medications includ- 

ing inhalers for at least 12 hours, beta-adrenoceptor 
agonists orally or by inhalation are well known to 
cause beta-adrenoceptor desensitization.“’ ji There- 

fore, analysis was performed with results of studies 
in a subset of subjects who had received no broncho- 
dilators (oral or inhaled beta-agonists) (Fig. 3). Al- 
though the number of subjects and range of bronchial 
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TABLE I. Measurements performed in control and hyperresponsive subject groups 

Subjects 
SFEF,, (% decrease/ mg) 
FEV, 04 
Epinephrine (pg / ml) 
Norepinephrine (pg/ml) 
1gE (U/ml) 
High-affinity receptors (%) 
High-affinity kd (nM) 
Low-affinity kd (FM) 
Receptors (BMax, fmol/mg) 
A23 187 stimulated O,- 
Inhibition (percent control) 

1 nmol / L isoproterenol 
10 nmol / L isoproterenol 

100 nmol /L isoproterenol 
1 pmol/L isoproterenol 

Data indicate mean k SEM. 

Control Hyperresponsive 

29 26 
34 + 9 7195 k 1618 

3.5 2 0.15 2.6 k 0.20 

36 -+ 3.4 31 i 3.8 
325 a 21 398 k 39 

42 t 12 139 * 45 
54 IfI 3.3 35 k 3.6 

251 ? 53 136 t 27 
8.3 2 2.4 4.8 k 2.1 

35 t 3.8 39 + 3.6 
2570 k 221 2442 t 201 

29 e 28 23 -I 38 
65 2 18 53 k 32 
73 * 14 57 2 27 
74 2 12 59 f 26 

p < 0.0001 
p = 0.0001 

WS) 
(NS) 

p = 0.04 
p = 0.001 
p = 0.06 

(NV 
WS) 
WS) 

W) 
p = 0.09 
p = 0.01 
p = 0.006 

TABLE II. Dependence of bronchial 
responsiveness (log [SFEF,,]) on other 
variables with use of multiple regression 
analysis; significance of improvement in 
regression model with inclusion of each 
variable 

Variable t score P 

Isoproterenol inhibition 4.14 0.001 
High-affinity receptor 3.28 0.001 

(percent) 
Subject age 2.92 0.003 
Plasma IgE 2.10 0.036 

Correlation: + = 0.54. 
ANOVA: F = 15.2; df = 4,50; p < 0.0001 

responsiveness were reduced, a correlation that was 
statistically significant could be identified between 
bronchial responsiveness and both beta-adrenergic in- 
hibition of the respiratory burst (r = -0.28, 
p < 0.05) and decreased high-affinity receptors 
(r = -0.46, p < 0.05). Thus impaired beta-adren- 
ergic response may be associated with bronchial hy- 
perresponsiveness independent of medical therapy. 

To determine which factors may be associated with 
increased bronchial responsiveness, a multiple regres- 
sion model of bronchial responsiveness was evaluated, 
including beta-adrenoceptor characteristics, magni- 
tude of the respiratory burst, age, plasma catechol- 
amines, and IgE. Inclusion of age, IgE, lymphocyte 
high-affinity beta-adrenoceptors, and beta-adrenergic 

inhibition of the respiratory burst (but not plasma epi- 
nephrine or norepinephrine) in the multiple regression 
model significantly (p < 0.05) reduced the unex- 
plained variation in bronchial responsiveness (Table 
II). Because the regression model was improved by 
each of these variables independently, the physiologic 
characteristics represented by age, IgE, percentage of 
high-affinity receptors, and maximal achievable beta- 
adrenergic inhibition of the respiratory burst, each 
potentially contributed to the mechanisms of bronchial 
hyperresponsiveness. 

Since the regression model fit was improved by both 
the percentage of high-affinity beta-adrenoceptors and 
the degree of beta-adrenergic inhibition of the respi- 
ratory burst, these variables did not appear to be sim- 
ply different measures of the same physiologic char- 
acteristic. Regression analysis demonstrated that sub- 
jects with a low percentage of high-affinity receptors 
were not necessarily the same subjects who had im- 
paired beta-adrenergic inhibition of the respiratory 
burst (linear regression, r = 0.09, p > 0.05, Fig. 4). 
Consequently, receptor binding characteristics and 
cellular effects of beta-adrenoceptor agonists may be 
at least partially independent characteristics of altered 
beta-adrenoceptor function. 

The magnitude of the respiratory burst induced by 
A23 187 (in the absence of isoproterenol) was reduced 
in subjects with the highest percentages of high-affin- 
ity receptors. Although regression analysis showed a 
significant correlation (r = - 0.32, p = 0.007), the 
effect was principally apparent in subjects with more 
than 75% high-affinity receptors (Fig. 5). Within this 
small subset of subjects (n = 6) the magnitude of the 
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FIG. 2. Relationship of bronchial responsiveness (metha- 
choline) to beta-adrenoceptor function as indicated by iso- 
proterenol inhibition of respiratory burst (psnel A, fop 
lefi), lymphocyte beta-receptors in high-affinity state 
(panel B, top right), lymphocyte high-affinity receptor kd 
(panel C, bottom left), and lymphocyte receptors (panel 
D, bottom right). Regression analysis indicated that linear 
correlation shown was statistically significant (p < 0.05) 
between bronchial responsiveness and inhibition of the 
respiratory burst (r = -0.471, percent high-affinity recep- 
tors (r = -0.511, and high-affinity receptor kd 
(r = -0.38). but not receptor number (r = -0.04). 

respiratory burst was highly correlated with plasma 
norepinephrine (r = -0.89, p = 0.007) suggesting 
that catecholamines at plasma concentrations may, in 
some subjects, have had an inhibitory effect on in- 
flammatory response. 

Studies of leukocyte regulation by beta-adrenocep- 
tor agonists were performed with calcium ionophore 
activation. Because the magnitude of the respiratory 
burst induced by calcium ionophore was not altered 
in subjects with bronchial hyperresponsiveness, eval- 
uation of relative beta-adrenergic effects was facili- 
tated. However, leukocyte priming, which enhances 
cell activation by agents that require usual pathways 
of signal transduction, may not be reflected by calcium 

01 01 
0 1.0 2.0 3.0 4.0 0 1.0 2.0 3.0 0.0 

LOG ISFEFSOI LOG ISFEFSOI 

FIG. 3. Subset of subjects (n = 36) not exposed to oral or 
inhaled bronchodilators. Relationship of bronchial re- 
sponsiveness (methacholine) to beta-adrenoceptor func- 
tion as indicated by isoproterenol inhibition of respiratory 
burst (panel A, IeftJ and lymphocyte beta-receptors in 
high-affinity state (panel 8, right). Regression analysis 
demonstrated that linear correlation shown was statisti- 
cally significant between bronchial responsiveness and 
inhibition of the respiratory burst (r = ---0.28) and per- 
centage of high affinity receptors (f = -0.461. 
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FIG. 4. Relationship between isoproterenot inhibition of 
the respiratory burst and lymphocyte high-affinity recep- 
tors. No statistically significant correlation was identified. 
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FIG. 5. Decrease in respiratory burst associated with in- 
creased percentage of high-affinity receptors. Respiratory 
burst was induced by 0.2 pmol/L A23187 with a dilution 
of whole blood. High-affinity receptors measured on lym- 
phocytes. Data are shown as mean k SEM with samples 
from 13, 21, 17, and 6 subjects with 0% to 25%, 25% to 
50%. 50% to 75%. and 75% to 100% high-affinity receptors, 
respectively. (*p < 0.05). 

ionophore stimulation. Therefore activation of the re- 
spiratory burst by chemotactic peptide was also eval- 
uated. 

PMN activation by FMLP was increased in subjects 
with bronchial hyperresponsiveness (Fig. 6), and the 
respiratory burst magnitude was correlated with the 
degree of methacholine responsiveness. Multiple 
regression analysis revealed that increased magnitude 
of respiratory burst induced by FMLP was associated 
with either increased bronchial responsiveness 
(p < 0.05) or elevated plasma IgE (borderline sig- 
nificance, p = 0.08), but not isoproterenol inhibition 
of the respiratory burst, lymphocyte beta-adrenoceptor 
characteristics, plasma catecholamines, or age. Inclu- 
sion of both plasma IgE and bronchial responsiveness 
did not further improve the model, suggesting that 
these variables may be partially reflecting a common 
physiologic process, 

DISCUSSION 

This study demonstrates an association of bronchial 
hyperresponsiveness with both impaired beta-adren- 
ergic function and increased peripheral leukocyte ac- 
tivation. The results are particularly important because 
all subjects were studied in the absence of broncho- 
dilator medications. Consequently, our observations 
suggest that impaired beta-adrenergic responses may 
be related to disease patbogenesis. 

Impaired beta-adrenergic response has been clearly 
demonstrated to occur in asthmatic patients. 12. I61 Is. I9 
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FIG. 8. Increased chemotactic peptide (FMLP) induced re- 
spiratory burst in subjects with bronchial hyperrespon- 
siveness as defined with methacholine challenge. Data 
shown are mean f SEM of samples from 29 subjects with 
low levels of bronchial responsiveness and 26 hyperre- 
sponsive subjects (“p < 0.05). 

Because therapeutic beta-agonist administration rap- 
idly causes receptor desensitization it has remained 
unclear whether beta-adrenoceptor changes are asso- 
ciated with the disease process or are a result of ther- 
apeutic intervention. ‘*, I6 In the absence of drug ex- 
posure, impaired beta-adrenergic response has been 
demonstrated in atopic subjects.*’ However, few stud- 
ies have identified impaired beta-adrenergic response 
in drug-free asthmatic subjects, and when such an 
association was observed, measures of beta-adreno- 
ceptor response did not uniformly correlate with bron- 
chial hyperresponsiveness. ‘* Our studies were unique 
in that subjects with mild bronchial hyperresponsive- 
ness were studied and beta-adrenergic modulation of 
the respiratory burst, an extremely sensitive and phys- 
iologically relevant assay of beta-adrenergic response, 
was evaluated. 

Our results clearly demonstrate a decrease in both 
beta-adrenergic response and high-affinity receptors 
in association with increased bronchial response to 
methacholine challenge. Because all subjects had ab- 
stained from medications for at least 12 hours and the 
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association of bronchial hyperresponsiveness with im- 
paired beta-adrenoceptor function was further con- 
firmed in the subset of subjects with no exposure to 
bronchodilators, beta-adrenoceptor agonist induced 
receptor desensitization was not responsible for the 
association. 

Beta-adrenoceptor binding characteristics have 
been evaluated in most past studies of asthma. This 
study is relatively unique in that both beta-adreno- 
ceptor binding characteristics and beta-adrenergic re- 
sponses were evaluated in parallel with bronchial chal- 
lenge. Although abnormalities of both beta-adreno- 
ceptor binding and beta-adrenergic response were 
identified in association with bronchial hyperrespon- 
siveness, the two measures of beta-receptors were not 
significantly associated (Fig. 4). The disparity may 
be a consequence of evaluation with different cell 
populations or the fact that reduced high-affinity re- 
ceptor binding and impaired beta-agonist response are 
not the same physiologic phenomenon. Because both 
high-affinity receptors were reduced and beta-adren- 
ergic regulation of leukocyte function was impaired, 
our results suggest that impaired adrenergic function 
in association with bronchial hyperresponsiveness 
may be multifactorial in origin. Such a conclusion is 
compatible with previous work, suggesting alterations 
at multiple sites including receptor binding, 19. *’ cyclic 
adenosine monophosphate accumulation,” and phos- 
phodiesterase activity in association with asthma.23 

Asthma associated increases in plasma chemotactic 
factors, peripheral leukocyte priming, and enhanced 
leukocyte activation, particularly in association with 
asthmatic exacerbations, have all been well de- 
scribed. “-” Our results demonstrate that enhanced 
leukocyte activation occurs not only during an exac- 
erbation of asthma but also in subjects with mild bron- 
chial hyperresponsiveness to methacholine. Further- 
more. the degree of hyperresponsiveness correlates 
with the magnitude of the enhanced respiratory burst 
when induced by chemotactic peptide. Because the 
chemotactic peptide but not calcium ionophore in- 
duction of the respiratory burst was increased in as- 
sociation with bronchial hyperresponsiveness, the 
mechanisms of PMN stimulus-response coupling and 
regulation of specific signal transduction pathways 
may be important. Our observed increase in the re- 
spiratory burst indicates an enhanced reactivity of pe- 
ripheral inflammatory cells that may contribute to 
bronchial hyperresponsiveness through the release of 
multiple inflammatory mediators.‘7-2y 

The possible relationship between enhanced inflam- 
matory responses and impaired beta-adrenergic re- 
sponse in asthma is not well understood. Our results 
clearly demonstrate that both increased inflammatory 
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responses and decreased beta-adrenergic responses are 
associated with bronchial hyperresponsiveness to 
methacholine. The respiratory burst was less effec- 
tively inhibited by beta-agonists in hyperresponsive 
subjects. Thus it is plausible that an impairment in 
leukocyte regulation may contribute to enhanced in- 
flammatory mediator release in asthma. 

In conclusion, our results demonstrate that un- 
treated subjects have an impairment in beta-adreno- 
ceptor response that correlates with increased bron- 
chial response to methacholine, and that bronchial 
hyperresponsiveness is associated with an enhanced 
peripheral leukocyte respiratory burst. 

The technical assistance of Cliff Bayer is gratefully ac- 
knowledged. 
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