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Molecular Mechanism of the Additive
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ABSTRACT

Background: The addition of leukotriene modifier (LM) may be a useful approach for uncontrollable asthma
despite treatment with inhaled corticosteroid (ICS), especially in asthmatics comorbid with allergic rhinitis (AR),
although little is known about its molecular mechanism. We evaluated the additive effects of LM with ICS on
pulmonary function and airway inflammation in asthmatics with or without AR.

Methods: Eighteen uncontrolled steroid-treated asthmatics, nine with and nine without AR, were enralled. Spi-
rometry, peak expiratory flow (PEF) measurements, and exhaled breath condensate sampling were performed
before and 8 weeks after LM administration. The lowest PEF over the course of one week, expressed as a per-
centage of the highest PEF (Min%Max PEF), was used as an index of fluctuation of the airway caliber. Airway
cytokine expression was analyzed with a protein array.

Results: A significant improvement in forced expiratory volume in one second as a percentage of the pre-
dicted value (%FEV1) and Min%Max PEF was seen in the subgroup of asthma with AR. Although there was no
significant difference in the baseline cytokine values between the groups, the exhaled RANTES level was sig-
nificantly reduced by LM in the asthma with AR group. The changes in the RANTES level were significantly re-
lated to the changes in the %FEV1 and Min%Max PEF values.

Conclusions: LM caused a greater improvement in pulmonary function and airway inflammation in asthmat-
ics with AR. The RANTES-mediated pathway may be involved in the improvement of the airflow limitation and
airway lability by LM additive therapy in asthmatics receiving steroid therapy.
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modifier (LM) has proven to be effective in the treat-

INTRODUCTION ment of both asthma and AR, and is the only drug ap-
A basic pathological feature of asthma and allergic proved to treat both diseases in a single formula-
rhinitis (AR) is airway inflammation, in which various tion.35

inflammatory cells and molecules produced from Despite treatment with inhaled corticosteroids

(ICS), the suppression of inflammation in asthmatic
airways is often incomplete® and their effect on
CysLTs biosynthesis is limited.”

them are involved.! The cysteinyl leukotrienes
(CysLTs), common mediators of asthma and AR, in-

duce bronchoconstriction and mucus hypersecretion, 1.7% It has been demon-

enhance airway responsiveness, and act as chemoat-
tractants for eosinophils in the airway.? Leukotriene

strated that IM added to 1CS was as efficacious as
double the dose of ICS in improving peak expiratory
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flow (PEF) in asthmatics.” However, when patients
with comorbid AR were evaluated, the addition of LM
was significantly better at improving airflow limitation
than doubling the dose of 1CS5.10 These results sug-
gest that the addition of LM to ICS could be useful in
treating asthmatics whose asthma is not well con-
trolled with steroid therapy, especially in patients
comorbid with AR. Although the additive anti-
inflammatory properties of LM in asthmatics receiv-
ing steroid therapy have been examined using spu-
tum eosinophil counting and exhaled nitric oxide
measurements, 113 little is known about its molecular
mechanism of action.

In the present study, we evaluated the additive ef
fects of LM with ICS on pulmonary function and air-
way cytokine expression in asthmatics with or with-
out AR. Furthermore, the relationship between the
changes in the molecule expression and the physi-
ological properties of asthma, such as airflow limita-
tion and airway lability, was examined.

METHODS

STUDY SUBJECTS

Eighteen uncontrolled steroid-treated asthmatics,
nine with AR and nine without AR, were enrolled in a
randomized fashion after giving informed consent. To
avoid the influence of the pollen season, the enroll-
ment was performed from May to September 2006,
The study was approved by the local ethics commit-
tee. All patients satisfied the American Thoracie Soci-
ety criteria for asthma.' Patients with rhinitis were
identified by specialists. All patients were receiving
inhaled steroid therapy (equivalent dose of 400 pg flu-
ticasone * day~') and used inhaled short acting fi2 ag-
onists as needed for symptom relief. Subjects were
not included if they had had an exacerbation of
asthma or a respiratory tract infection in the 2 weeks
preceding the examination.

STUDY DESIGN

On the first day, spirometry and exhaled breath con-
densate (EBC) collections were performed. PEF
monitoring had been started at least 4 weeks before
this examination. After assessment of the baseline
values, open, uncontrolled I.M therapy (asthma with
AR group, pranlukast in 5 cases and montelukast in 4
cases: asthma without AR group, pranlukast in 4
cases and montelukast in 5 cases) was administered
for 8 weeks, and then the same examination was re-
peated.

EBC COLLECTION

EBC collection was performed with a standardized
method according to the recommended procedure.15
The EBC was collected by using a condenser, which
permitted noninvasive collection of condensed ex-
haled air by freezing it to -20C (Ecoscreen; Jaeger,
Hoechberg, Germany). The subjects breathed
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Table 1 Subject demographics

Asthma/AR +  Asthma/AR —
Number 9(FM=63) 8(FM=4/5)
Age (years) 423%65 43.0 = 46
FVC (L) 3.27 £ 0.26 372+ 024
FEV: (L) 247 £ 0.24 275 £ 0.21
FEV:% (%) 748+ 38 73.8+29
%FEV: (%) B4B x 4.6 86.2 + 3.6
Min%MaxPEF (%) 82.6 2.1 84422

Definition of abbreviations: AR, allergic rhinitis; F, famals; M,
male; FVC, forced vital capacity; FEV,, forced expiratory valume
in one second, PEF, peak expiratory fiow; Min%Max PEF, the low-
est PEF over a week expressed as % highest PEF. Values are
means & SE.

through a mouthpiece and a two-way non-rebreathing
valve, which also served as a saliva trap. Subjects
were asked (o breath at a normal frequency and tidal
volume while wearing a nose-clip. The collected EBC
was stored at -70T and cytokine measurements
were performed within 4 weeks.

CYTOKINE MEASUREMENTS

Human Inflammation Antibody III (Ray Biotech Inc.,
Norcross, GA, USA), consisting of 40 different cy-
tokine and chemokine antibodies spotted in duplicate
onto a membrane, was utilized as previously de-
scribed.'® The intensily of the signals was detected
directly from the membranes using a chemilumines-
cene imaging system (Luminocapture AE6955; Atto
Co., Tokyo, Japan). HRP-conjugaled antibody served
as a positive control at six spots and was also used to
identify the membrane orientation. For each spot, the
nel intensity gray level was determined by subtract-
ing the background gray levels from the total raw in-
tensity gray levels. The relative intensity levels of the
cytokine amounts were normalized with reference to
the amount present on the positive control in each
membrane on the following basis: average of the cy-
tokine spol intensities/average of the positive control
spot intensities, indicated as a percentage. Using this
technique, we have previously shown that the expres-
sions of IL-4, 11-17, RANTES, MIP-1¢r, MIP-1p3, TP-10,
I1-8, TNF-tz, and TGF-f were increased in asthmatic
airways.'s Thus, these nine cytokines were selected
as target molecules.

PEAK EXPIRATORY FLOW (PEF) MEASURE-
MENTS

PEF was measured using an Assess® peak flow me-
ter (Respironics HealthScan Co., NJ, USA). Among
PEF indices, the lowest PEF over a week, expressed
as a percentage of the highest PEF (Min¥Max PEF),
has been suggested to be the best index of airway
lability.'? We have confirmed that Min¥Max PEF
showed a good correlation with the degree of airway
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Fig. 1 Graphs of individual forced expiratory volume in one second
(FEV:) at baseline and at the end of additive leukotriene modifier (LM) ther-
apy in asthma patients with or without allergic rhinitis (AR) (A), and mean
change from baseline in FEV, for sach subgroup (B),

hyperresponsiveness (AHR) measured by the inhala-
tion challenge test,'® and thus Min%Max PEF was
used as an index of fluctuation of the airway caliber in
this study.

PULMONARY FUNCTION TEST

Forced expiratory volume in one second (FEV)) and
forced vital capacity (FVC) were measured with a Vi-
talograph Pneumotrac 6800™ (Vitarograph Co., En-
nis, Ireland).

STATISTICAL ANALYSES

Comparisons of before and after LM therapy were
performed by Mann-Whitney U tests and compari-
sons between groups were performed by Fisher's ex-
act tests. Pearson's correlation coefficients were cal-
culated to determine the correlation between the
changes in the levels of cytokine expression and pul-
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monary physiological parameters by LM therapy. All
data were cxpressed as means + SE, and significance
was defined as a Pvalue of less than 0.05.

RESULTS

SUBJECT DEMOGRAPHICS

The clinical characteristics of the study subjects are
shown in Table 1, There were no significant differ-
ences in baseline characteristics between the groups.
The asthma control levels of all subjects were classi-
fied as partly controlled at baseline.)? After LM addi-
tive therapy, asthma symptoms in seven of nine asth-
matics with AR and five of nine asthmatics without
AR were improved to a controlled level. The rates of
improvement were higher in the asthma with AR
group, but the differences were not significant. There
were no subjects whose asthma control levels wors-
ened. All of the asthma with AR subjects had nasal
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Fig. 2 Graphs of individual peak expiratory flow (PEF) variabiiity
(Min%Max PEF) at baseline and at the end of additive leukotriene modifiar
(LM) therapy in asthma patients with or without allergic rhinitis (AR) (A), and
mean changes from bassline in Min%:Max PEF lor each subgroup (B).

symptoms at baseline; there was nasal discharge in
seven subjects and nasal blockage in four subjects.
Additive LM improved the nasal discharge in four
subjects and nasal blockage in three subjects.

PULMONARY FUNCTION

A significant improvement in the parameter that rep-
resents airway caliber, FEV) as a percentage of the
predicted value (WFEV)), was seen in the subgroup of
asthma with AR by additive LM therapy (Fig. 1A, B).
LM therapy also improved the parameters thal repre-
sent airway lability, Min¥Max PEF, in the asthma
with AR group but not in the asthma without AR
group (Fig. 2A, B). The kind of LM used was not re-
lated to the additive effects on pulmonary function.
The LM-mediated improvement in airflow limitation,
namely the increase in %¥FEV:, was significantly cor-
related with the changes of Min¥Max PEF (r = 0.754,
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p<0.01, [Fig. 3],

AIRWAY CYTOKINE EXPRESSION

There was no significant difference in the baseline cy-
tokine wvalues between the two groups (Fig. 4).
Among the nine examined molecules, the RANTES
level in the asthma with AR group was significantly
reduced by LM therapy (p < 0.05), whereas there
were no significant changes in all examined cytokine
levels in the asthma without AR group (Fig. 5A, B).
The kind of LM used was not related to the changes
in the cytokine expressions by LM additive therapy.

RELATIONSHIP BETWEEN CHANGES IN RAN-
TES LEVELS AND PULMONARY PHYSIOLOGI-
CAL PARAMETERS BY ADDITIVE LM THERAPY
The changes in the RANTES levels by additive LM
therapy were significantly correlated with the im-
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Fig. 3 Relationship between leukotriene modifier-medi-
ated improvement in forced expiratory in one second and
peak expiratory flow variability in asthma patients with (open
circles) or without (closed circles) allergic rhinitis (AR). The
lines correspond to the fitted regression equation,

provement in the FEV) increase% and the ratio of Min
%Max PEF (r = -0.736, p < 0.01, Fig. 6A and r =
-0.622, p < 0.05, Fig. 6B, respectively). Correlations
between LM-mediated changes in the levels of other
molecules and the physiologic properties were not
seen.

DISCUSSION

In the present study, adding LM therapy to ICS im-
proved the airflow limitation and airway lability, and
improvement was significant in the subgroup of
asthma with AR but not in the asthma without AR
group, There was no significant difference in the
baseline cytokine values between the groups. How-
ever, the exhaled RANTES levels were significantly
reduced by LM in the asthma with AR group. The
changes in the RANTES level were related to the
changes in the physiologic properties, such as %¥FEV:
and Min%Max PEF values,

To our knowledge, the current report is the frst di-
rect comparison study to evaluate the additive effect
of LM on pulmonary function and airway cytokine ex-
pression between steroid-ireated asthmatics with AR
and those without AR, Asthma and AR often co-exist
and upper airway diseases can influence lower airway
inflammation and function in some patients with
asthma.! Allergen challenge to the lung leads to in-
flammation in the nose.® Similarly, allergen chal-
lenge to the nose leads to AHR in the lower airway.?!
CysLTs are key mediators and modulators of sys-
temic allergic responses as well as a component of
the inflammatory responses that lead to the typical
symptoms of asthma and rhinitis.® CysLTs facilitate
ensinophil recruitment into susceptible tissues and
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prolong their survival, contributing to the mainte-
nance of the inflammatory reaction.? In addition,
CysL.Ts have modulating effects on the cytokine ac-
tivity and production from cells.2 A previous study
has shown that CysLTs stimulate lung mononuclear
cells to release inflammatory mediators, such as
RANTES.® Allergen challenge induces RANTES
positive cells in accordance with increased eosino-
phils in the airway, and LM suppresses airway
eosinophils and RANTES production.2425 These stud-
ies show that LM has the potential to suppress airway
RANTES expression by the blockage of CysLTs.

In this study, LM provided significant improve-
ments in airflow limitation in asthmatics with AR, in
agreement with a previous study.!? In addition, we
are the first to demonstrate that LM causes a greater
improvement in pulmonary function and exhaled
RANTES expression in asthmatics with AR than in
those without AR. Although airway inflammation
seems likely Lo play a similar role in the pathogenesis
of AR as in asthma, it may be difficult to explain our
resulls by the differences in the degree of airway in-
flammation between the two groups. Even in the ab-
sence of rhinitis, asthma patienis have increased
eosinophil levels in nasal mucosa, and these levels
are related to the bronchial eosinophil values.? The
present study also showed that the cytokine values at
baseline were similar in the two groups.

Previous studies have shown that there is in-
creased excretion of urinary leukotriene E4 in asth-
matics with AR.Z7 Nasal allergen challenge causes a
dose-dependent increase in CysLTs that correlates
with nasal symptoms.®® In addition, the sputum
CysLTs levels obtained from asthmatics remain ele-
vated despite ICS treatment.2® Consequently, despite
receiving steroid therapy, Cysl.Ts are over-expressed
in the asthmatic airway and possibly more so in pa-
tients comorbid with AR. This speculation may ex-
plain the present result that LM significantly reduced
the RANTES levels only in the asthma with AR group.
However, the expression of CysLTs in the lower air-
ways has not been direclly compared between
groups, although increased CysLT levels have been
shown in the BAL fluid and sputum of patients with
asthma.?®30 In addition, in other previously proposed
theories of the interaction between asthma and AR,
the irritant effects of nasal secretions directly enter-
ing the lower airways and syslemic propagation of na-
sal inflammation to the lower airways,”! may be in-
volved in the mechanism of the present result. How-
ever, the current study was not able to prove these
possibilities.

The RANTES-mediated pathway may be involved
in the improvements of the airflow limitation and air-
way lability by the addition of LM in asthmatics re-
ceiving steroid therapy. A possible explanation for
this association may be as follows. In asthmatic air-
ways, RANTES have a potent role in eosinophil re-
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Fig. 4 Basaline expression levels of IL-4, IL-8, IL-17, RANTES, MIP-1a, MIP-1f3,
IP-10, TNF-at, and TGF-f in exhaled breaih condensate oblained from asthma pa-
lients with (open bars) or without (filled bars) allergic rhinitis (AR).
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Fig. 5 Changes of expression levels of IL-4, IL-8, IL-17, RANTES, MIP-1c, MIP-
1B, IP-10, TNF-«t, and TGF-f in exhaled breath condensate by additive leukotriene
modifier (LM) therapy in asthma patients with (A) or without (B) allergic rhinitis
(AR). *p < 0.05 compared with baseline cytokine levels.

cruitment in the airway,’?% and RANTES-positive
sputum eosinophils are correlated with the degree of
%FEV) after allergen challenge,® LM therapy may
modulate the cytokine expression, such as RANTES,
with a consequent inhibition of the airway inflamma-
tion resulting in improvement of the pulmonary func-
tion. It has been shown that improvements in airflow
limitation and AHR in asthmatics are accompanied by
a decrease of airway inflammation and reduction in
the RANTES expression,™ ™ which is compatible
with our results.

94

Furthermore, RANTES activate immune cells and
induce the exocytosis of bronchoconstrictive media-
tors resulting in airflow limitation.?*3% Using a murine
asthma model, a previous study has shown that the
blockage of RANTES reduces AHR.3S In the present
study, the reduction in the exhaled RANTES levels
was associated with improvements in both the airflow
limitation and airway lability. The LM-mediated im-
provements in the airflow limitation were related Lo
the changes in airway lability. These results suggest
that LM can inhibit the airflow limitation induced by

Allsrgology Intemational Vol 58, No1, 2009 www.jsaweb.|p/
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Fig. 6 Relationship between leukotriene modifier (LM)-me-
diated changes of RANTES expression (the ratio of past-LM
levelipre-LM level) and improvement in physiological
parameters: forced expiratory volume in one second (A) and
paak expiratory flow variability (B) (open circles, asthma pa-
tients with allergic rhinitis [AR]; closed circles, asthma pa-
tients without AR). The lines commespond to the fitted
regression equation.

RANTES and thereby improve the fluctuation of the
airway caliber.

The limitations of the current study are as follows,
The enrollment of subjects was carefully performed
to avoid the influence of the pollen season. However,
the possibility that the changes in the parameters
could be attributed to a seasonal effect remained.
Furthermore, the small number of study subjects
may affect the result that LM did not significantly im-
prove the examined parameters in the asthma with-
out AR group. This report does nol claim that LM
should not be used for asthma without AR patients.
Finally, this small-scaled study did not have enough
power to examine the association between the M-
mediated changes in symptoms and RANTES levels
in ERC.

In conclusion, LM caused a greater improvement
in pulmonary function and airway inflammation in
asthmatics with AR. The RANTES-mediated pathway

Allergology Intemational Vol 58, No1, 2009 www.jsawab.|p/

may be involved in the improvement of the airflow

1.2, o Asthma/AR+ limitation and airway lability by LM additive therapy
1.14 . ® Asthma/AR— in asthmatics receiving steroid therapy.
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The Possible Role of Hematopoietic
Cell Kinase in the Pathophysiology
of COPD*
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Background: Hematopoietic cell kinase (Hek) is a myeloid cell-specific tyrosine kinase, which is

known to induce neutrophil infiltration to the lungs. Although the overexpression of Hek causes
emphysema-like histologic changes in mice, its expression and activity in patients with COPD are
ear,

Method: The aim of this study was to clarify the expression and activity of Hek in neutrophils from
COPD patients, and to investigate the association between the degree of Hek expression and the lung
function parameters in COPD patients. Peripheral blood neutrophils were isolated from 22 patients
with COPD and 9 healthy subjects (HSs). The protein levels of Hek and phosphorylated Hek were
assessed, and the correlation with various background characteristics was evaluated.

Results: The Hck protein level was significantly higher in neutrophils from COPD patients compared
with HSs (COPD patients, 1.094; HSs, 0.801; p < 0.05). A significant correlation was observed
between the level of Hek and the surface expression of the molecule CD-11b
{r = 0.540; p < 0.01) or CXC chemokine receptor-1 (r = 0.432; p < 0.05). In contrast, there was no
difference in the rylation of the Hck protein between COPD patients and HSs.

pathophysiology of COPD.

hvﬁmtnpoirlic cell kinase; peripheral hlood nevtrophil

kinase

Conclusion: The Hek protein level in peripheral blood neutrophils was increased in COPD patients,
suggesting that Hek might have an important role in the neutrophil function and play a key role in the

Key words: airway obstruction; CD-11b; CD-18; COPD; CXC chemokine receptor-1; CXC chemokine meeeptar-2;

Abbreviations: CXCR = CXC chemokine receptor; FITC = fi

(CHEST 2009; 135:94-101)

HRP = horscradish peroxidase; HS = healthy subject: PE = phycoerythrin: p-Hek = phosphorylated topaictic cell

ein isothi te: Hek = imnmtc?uielil: cell kinase:

Eodt

OPD is associated with abnonnal inflammatory
responses, predominantly in small airways and
lung parenchyma.! Although a multiplicity of cells

and mediators are involved in the pathophysiology of

COPD,23 neutrophils are thought to play a key role
in the development and progression of the disease 45
Indeed, both the actual number of neutrophils and
the mumber of neutrophil chemoattractants were
up-regulated in induced sputum or BAL fluid sam-
ples from patients with COPD.57

The mechanisms responsible for neutrophil trans-
migration into the ]ungs involve many steps and

94

molecnles. Among these molecules, Mac-1 (CD-1 1b/
CD-18) and CXC chemokine receptor (CXCR) play
a pivotal role in this process. Mac-1 is the most
important adhesion molecule for neutrophils.* Sim-
ilarly, CXCR is a key receptor for interleukin-8.%
Many reports*® have shown that the expressions of
both molecules were up-regulated in the airways and
IlmgS of patients with COPD. R-N:t‘nﬁy, we have
shown? that the expressions of CD-11b and CXCR-1
were enhanced in peripheral blood neutrophils from
patients with COPD compared with healthy sub-
jects. These results suggest that the circulating neu-
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trophil phenotype has been altered in patients with
COPD and may contribute to the pathogenesis of
COPD. Hm't;'vcr the intracellular signal transduction
pathways causing neutrophils to infiltrate into the in-
flamed lung have been less well understood. Further-
more, few data have been reported on the phenotype
of peripheral blood neutrophils in COPD.

Concerning the lenkoeyte function, both adhesion
and chemoattractant properties are blocked by ty-
rosine kinase inhibitors,'® and there is much evi-
dence that Sre family tyrosine kinase is a key mole-
cule mt-d]‘thng the mtegrm signaling pathway in
myeloid cells.'" Hematopoietic cell kinase (Hek) is a
non-receptor-mediated tyrosine kinase of the Sre
family, the expression of which is restricted to he-
matopoietic cells, predominantly in neutrophils.!?
Although the function of Hck overlaps with that of
other Sre family tyrosine kinases,"™ Hck is known to
modulate adhesion,'* granulocytosis,'>17 and cyto-
kine production'® in neutrophils. Some reports!92
have suggested an association between pulmonary
disease and Hek activity. The activation of Hek has
been observed in oxidant-induced lung injury, and
the inhibition of Sre family protein kinase attenuated
the lung injury by reducing the alveolar macrophage
activities.'¥ Tt has been also demonstrated that the
overexpression of Hek in mice caused an enhancement
of adhesion-dependent neutrophil activation in re-
sponse to inflammatory cytokines and the development
of emphysematous lung,* However, the expression of
Hek in neutrophils from patients with COPD is still
unknown. Furthermore, the correlation between the
degree of Hek expression and the baseline character-
istics in patients with COPD, including lung function,
age, and smoking status, has not yet been elucidated.

The aim of the present study was to clarify
whether the expression and activity of Hek in pe-
ripheral blood neutrophils are up-regulated in
COPD patients. In addition, we also investigated
whether the expression of Hck is linked to the
pathophysiology of COPD.

MATERIALS AND METHODS

Subjects

This study was approved by the Ethies Commiltee of
Wakayama Medieal University, Informed written consent was
obtained from all subjects. Twenty-two patients with mild-to-
severe COPD (stage I, 3 patients; stage 11, 10 patients; stage III,
7 patients: stage IV, 2 patients) and 9 hr:a].lh_\' subjec'!s (HSs) with
normal lung funetion were recruited from the outpatient clinic of
our institution. Because the prevalence of COPD was appreciably
higher in men than in women, all subjects enrolled in this study
were men. COPD was defined and categorized according to the
Global TInitiative for Chronic Obstructive Lung Disease guide-
lines.! All COPD patients were considered to be clinically stable
because vone of them had required a change in their regular
therapy during the 4 months preceding the test, nor had they
h-e.n tnm.'!ud with inhaled or oral corticosteroids. Patients with

ial astl or hmg cancer were exclided from
the stody. The smukmg history of each subject was represented by
the mean number of pack-years of cigarette consumption by ex-
smaokers and current smokers, It was caleulated as follows:

pack-year = (number of cigarettes smoked per day/20 [a pack])
¥ duration of smoking (in years)

All patients refrained from smoking for 12 h hefore the blood
sampling. After the blood sampling, the subjects performed
spirametry.

Lung Function Testing

Lamg hunction was evaliated with a dry rolling-seal spirometer
(System 7; Minato Medical Science; Osaka, Japan). Each mea-
surement was performed 15 min after the inhalation of 400 pg of
salbutamal via a metered-dose inhaler.

Isolation of Peripharal Blood Neutrophils

Hunun peripheral blood nentrophils were isolated from whole
blood by a density gradicut technigue using a resolving mediom
(Mono-Poly resolving medium; Dainippon Pharmaceutical Co
Ttd Tabaratory Products; Osaka, Japan), as previously reported 9
Bricfly. whale blood was collected by vein puncture into tubes
cantaining ethylenediaminctetraacetic acid anticoagulant. Then,
the blood :amplcs were gently mounted onto the same volume of
Mono-Poly resolving medium without mixing. The samples were
then centrifuged at 400z for 20 min al room temperature. The
bl-md was s:parntcd into fou.r layers from the top, as follows:

lear cells: neutrophils; and RBCs.
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The m.utn.q:lu.l fraction was callected Ly Pasteur pipettes without
aspirating the other layers. This procedure yields neutrophils
with > 95% purity and viability as determined by trypan blue
stuining. After washing in phosphate-buffered saline mful.’u:m and
counting the cell number, neutrophils were in phos-
phate-buffered saline solution at a concentration of 1 % lo'uc!kl
ml. Then the expression of each surface malecule was measured by
flow eytometer, and the Hek protein level was analyzed by immu-
noprecipitation and Westermn blotting,

Flow Cytometry Analysis

The surface expressions of Mac-1 (CD-11W/CD-18), CXCR-1,
and CXCR-2 in HSs and COPD patients were measured (FACS
Calibur flow cytometer; Becton Dickinson; San Jose, CA).
Briefly, 1 % 10" neutrophils were incubated with 20 pL of cach
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;mtilxxly solution for 20 min at 4°C. After wushing, the su.ulp]cs
were fixed by 500 pL of a 1% paraformualdehyde solution, then
the h'un]illg of sach .mlibm}}' was detected \l'\' flow cytometer
The specific binding of each antibody was expressed as relutive
Muorescence  shown h_v the ratio of the mean fluorescence
intensity values for CD-11b, CD-18, CXCR-1, or CXCR-2 to that
of the isatype contral.#!

Immunoprecipitation and Western Blotting

A total of 1 % 10" neutrophils were lysed using 200 L of lysate
buffer (500 mmol/L. Tris-HCI, 143 mmol1. KCI, 4 mmalT
ethylenediaminetetrancetic acid, 1% Nonidet P-40 lysis buifer,
and mrn]‘llrlr Iuﬂrasrl‘]ﬂmsplulm inhibitors) for 30 min on ice.
Cell-free lysates were incubated with 10 uL of anti-Hek antibod-
ies for 12 h at 4°C. Then, 10 pL of protein G-sepharase was
added, and the mixture was incubated for an additional 1 h. After
the immune complexes had been washed three times, all samples
were resuspended in 25 pL of lysate buffer, mixed with the same
volume of 2 X sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis sample buffer, and then leiml at 100°C for 5 min
The same volume of each sample was applied, and proteins were
separated by sodium dodecyl sulphate-polyacrylamide gel elec-
trophoresis (using a 125% gradient polyacrylamide gel) [XV
Puntera system; DRC Co, Lid; Tokyo, Jupan]. Following electro-
phoresis, the proteins were transferred to nitrocellulose mem-
biranes.

For the assessment of Hek or phosphorylated Hek (p-Hek)
protein levels, membranes were blocked and incubated with
anti-Hek antibodies (1:5,000 dilution) or antiphosphotyrosine
(1:10,000 dilution). Then they were incubated with horseradish
peroxidase (HRP)-conjugated antirabbit or antimouse secondary
antibody (1:10,000 dilution) and were developed by a detection
system (ECL-Plus; Amersham Biosciences; Buckinghamshire,
UK). Each protein level was represented as the relative ratio to
the expression level of one COPD patient, whose FEV, was 50%
of the predicted volume.

Reagents

A medium was used for separuting ptﬁy‘lnurp!muudear leuko-
cytes from whole blood cells (Mono-Poly resolving medinm:
Dainippon Pharmaceutical Co Lid Laboratory Products). Fluo-
rescein isothioeyanate (FITC)-conjugated antibuman CD-18,
FITC-conjugated antihuman CXCR-2 antibody, phycoerythrin
(PE)-conjugated antihuman CD-11b, PE-conjugated antilumun
CXCR-1 antibody, and FITC- ar PE-conjugated Ig Gl isotype
control were vsed (BD Biosciences; San Jose, CA). Other
commercially available reagents and antibodies were obtained, as
follows: Protein-C srphsunu- was from Amershain Biosciences;
antiphosphotyrasine antibody was from Upstate (Lake Placid,
NY}; antihuman Hek antibody was from Santa Cruz Biotechnaol-
ogy, Tnc (San Diego, CA); and HRP-conjugated antirabbit IgG
antibody and HRP-conjugated antimouse IgG antibady were
purchased from Rockland (Gilbertsville, PA).

Statistical Analysis

The data were expressed as the mean = SD. We checked the
distribution of values using the Kalmogorov-Smimov test. The
statistical analysis of the expression of integrin Mac-1 molecule
{CD-11WCD-18), chemokine recoptors (CXCR-1/CXCR-2), Hek
protein level, and p-"ci level were p('.rfnrmr-r] using :m-\]_\'sis of
variance and the Mann-Whitney 7 test. The analysis of correla-
tions between each factor was performed using the Spearman
correlation coefficient rank test. A value of p < 0.05 was consid-
ered to be significant.

RESULTS

The subjects’ characteristics are shown in Table 1.
FEV,, FEV,/FVC ratio, and FEV, percent predicted
were significantly lower in COPD patients than in
HSs. There was no significant difference in the other
pulmonary function parameters. The patients with
COPD had a significantly longer smoking history
than HSs.

The Hck protein in peripheral blood neutrophils
was detected by Western blotting as two protein
bands, p59 and p60 (Fig 1, left, A). The total Hck
protein level was significantly increased in the
COPD patients compared with the HSs (COPD
patients, 1.094; HSs, 0.801; p < 0.05) [Fig 1, right,
B], There was a significant negative correlation
between the protein level of Hek and the severity of
air-flow limitation shown by FEV, percent predicted
(r = —0.509; p < 0.01) [Fig 2. top Fq;? A). There was
no significant correlation between the Hek protein
level and the parameters of lung volume such as
FVC percent predicted and inspiratory capacity per-
cent predicted, as shown in Figure 2, fop right, B,
and bottom, C.

We next evaluated the relationship between the
baseline characteristics and Hek protein levels. Al-
though the COPD patients in the present study had
a longer smoking history, there was no apparent
correlation between the levels of Hek and smoking
history as represented by the number of pack-years
of smoking (r = 0.246; p = 0.182). Furthermore,
neither subjects’ age nor body mass index showed
any relationship with Hek protein levels.

Because CXCRs are involved in the function of
neutrophils and are associated with Hek activation,
we next studied whether the surface expression of
these molecules had some relationship with the Hek
protein level. As shown in Figure 3, the Hek protein
level was significantly correlated with the expression
of CD-11b (r=0.540; p<0.01) and CXCR-1
(r=0432; p <0.05), but not with that of CD-18
and CXCR-2.

Considering that Hek exerts its function in an
active form, there remains a possibility that the
protein level of Hek might not necessarily represent
the intracellular signaling status. Therefore, we next
evaluated the phosphorylation of Hek protein, which
is the active form of Hck. The p-Hck protein in
peripheral blood nentrophils was detected by West-
emn blotting, and the degree of phosphorylation was
assessed by dividing the p-Hek protein by the total
Hek protein level. The HSs and COPD patients
showed almost the same levels of p-Hck (HSs, 1.369;
COPD patients, 1 475; p = 0.747) or adjusted p-Hek
(HSs, 1.689; COPD patients, 1.394; p = 0.053). Nei-
ther the p-Hek nor the adjusted p-Hck level showed
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Table 1—Baseline Characteristics of Study Subjects®

Characteristics Healthy Subjects (n = 8} COFPD Patienls (n = 22) p Vahe

Age, yr 613+ 125 W1+78 NS
Gender, No

Male L] 22

Female ] 1]
Smoking status, No

Nansmoker 1 0

Ex-smoker 5 19

Current smoker 3 3
Smoking history, pack-yr 429+ M7 Ti0x 233 < 0.01
Ve NS

L 172 = 0.67 337073

% predicted 106.4 = 15.2 1037 = 182 NS
FVC NS

L 347 = 0.66 3.24 = 068

% predicted 956 = 167 947 = 156 NS
1C NS

L 2327 = 068 221 =046

% predicted 0956+ 238 1023 = 185 NS
FEV, < 0.001

L 279 * 0,55 152 £ 058

% predicted 145 = §72 56.5 + 19.4 < 0.001
FEV/FVC ratio, % predicted B0.T £ 7.55 46.1 =134 < 0.001

*Vulues ure given as the mean = 8D, unless otherwise indicated. VO = vital capacity, IC = mspiratory capacity; NS = not significant.

correlations with the background characteristics, ex- blood neutrophils was increased in the patients with
cept for the expression of the adjusted p-Hck, which COPD. In addition, this increase in Hek protein was
correlated with the amount of smoking (r = —0.432; significantly correlated with the severity of air-flow
p < 0.05) [Table 2]. In addition, neither the level of limitation and with neutrophil surface molecules
p-Hek nor the adjusted level of p-Hek protein was such as CD-11b and CXCR-1. These results suggest
correlated with the pulmonary function parameters that Hek might play an important role in the patho-
or with the expression of surface molecules. physiology of COPD,
. Sre family tyrosine kinases are well-known signal-
Discusston ing molecnles,”! Although they were originally inves-
In the present study, we have shown for the first tigated in terms of cell proliferation!’ and tumor
time that the expression of Hek protein in peripheral genesis,® Sre family tyrosine kinases are sensitive to
A B
Marker
Hck <0.05
[N protein level I P I
2.0 7 .
e P
T5kDa 1.5 -
1:.‘:23 1.0 -
50kDa e -
05 A .
0.0 -
e 0 0.801 1.094
Healthy COPD

Subects

FiGuRe 1. Expression of Hek protein in peripheral blood neutrophils. A representative photograph of
Western blotting of Hek (left, A) and the Hek protein level in neutrophils from healthy subjects wnd
COPD patients (right, B). The valves indicate mean value of Hek protein levels.
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FiGune 2. Correlation between the Hek protein level and pulmonary function. Correlation between
the Hek protein level and FEV, percent predicted (top left, A), FVC percent predicted (£FVC) [top
right, B] and inspiratory capacity percent predicted (%1C) [bottom, C].

oxidative stress such as H,0,% or ultraviolet irradi-
ation,* and their association with tissue remodeling
after ischemic or oxidative damage has been de-
seribed.?® Hek is one of the Sre family tyrosine kinases,
predominantly expressed in neutrophils,'? and it was
relevant to various neutrophil functions such as activa-
tion,'® adhesion,'* and degranulation.'>'8 More re-
cently, the involvement of Hek in inflammatory lung
diseases has been demonstrated.® In transgenic
mice with constitutively activated Hck protein, neu-
trophils accumulated in the lungs and caused em-
physematous changes.2® These results suggested the
possibility of Hek having some role in the pathophys-
iology of COPD.

The present study showed that the Hek protein level
in peripheral blood neutrophils was significantly in-
creased in COPD patients. In a previous report®
evaluating the effects of polymorphisms on Hek gene
expression, Hek protein from polymorphonuclear leu-
kocytes was up-regulated in COPD patients. Accord-
ing to this report, the 8657 L/S polymorphism in
intron-1 of the Hek gene was consistently associated
with the increased expression of Hek protein, and

COPD patients tended to have 8657 1/S subtypes.

These results are consistent with our present data.
However, in the present study, we also showed a
negative correlation between the increase in the Hek
protein level and the severity of air-flow limitation.
Thus, it is considered that the increase in the level
of Hck protein might facilitate the activation of
neutrophils and therefore be involved in the pro-
gression of COPD.

The Hek protein levels did not correlate with the
subjects’ background characteristics. Because the
prevalence of COPD is higher in men than in
women, it happened that only male subjects were
cnrolled in this study. According to a previous
report2 that examined genetic diflferences regarding
Hek polymorphisms, the factor of gender affected
neither the pu!ymnrphism frequeney nor the protein
level of Hek. Therefore, we expected that the same
results would have been obtained if female subjects
had been enrolled in the present study.

Recently, we reported® that the surface expres-
sions of integrin molecule CD-11b and CXCR-1
were up-regulated in peripheral blood neutrophils
and were significantly correlated with the severity of
the air-flow limitation. These results suggest that
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CXCR-1 (bottom left, €), and CXCR-2 (bottom right, D). Each surface molecule was analyzed by flow
cytometry and is shown as the relative mean flucrescence intensity (MFI) ratio to the isolype control.

neutrophils are already primed in the systemic cir-
culation, modifying the COPD pathogenesis by aug-
menting neutrophil infiltration in the airways. Be-
cause Hck protein modulates the trafficking of
intracellular granules [ollowing Mac-1 or CXCR-1
stimulation,'17 we next evaluated the relationship
between the amount of Hek protein and the degree of
Mac-1 and CXCR expression in neutrophils. As shown
in Figure 3, there was a significant positive correlation
between the Hck protein levels and CD-11b and

Table 2—Correlation Coefficients Between p-Hck or

Adjusted p-Hck Level and Characteristics of Study
Subjects*
Varishles p-Hek . Adjusted p-Hck
Age - 0,055 - 0259
Pack-years of smoking - D.242 - 0.4321
BMI — D241 0. Ulﬂ

*Values are given as Spearman correlation o oefcients. BMI = lx:d}

CXCR-1 expression. These findings suggest interest-
ing possibilities. First, because Hek has been re-
ported to promote Mac-1- and CXCR-1-mediated
granuloeytosis in neutrophils,'51718 increased Hek
levels may further enhance this reaction. Previous
studies*?” have shown that degranulation and pro-
tease activities are enhanced in neutrophils from
patients with COPD. Although we did not investi-
gate the degree of granule release from neutrophils
in this study, a previous report by Zhang et al® has
shown that enhanced Tck expression was correlated
with the release of myeloperoxidase and a decline in
lung function, Therefore, Hck might be involved in
the pathogenesis of COPD through modification of
the degranulation from neutrophils. Second, Hek
may modulate Mac-1 and CXCR expression in neu-
trophils. To our knowledge, there is no report con-
cerning this. Further study is needed to clarify these
ISSUeCS.

It has been reported that the phosphmylahm] ol

mass index. Tyr*'? in the Hck protein is needed for its activa-
fp<00s. tion.'” Therefore, we evaluated whether the degree
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of phosphorylation of the Hek protein was associated
with the pulimonary function or surface molecule
expression of neutrophils. Neither the pulmonary
function nor the neutrophil cell surface molecules
had any correlations with p-Hck levels. In addition,
even when the p-Hek level was adjusted by the total
Hck protein level, there was no significant correla-
tion. There are some possible explanations for these
results. First, the amount of Hck protein that is
biologically active might be more important in the
pathophysiology of COPD. According to genetic re-
search® on the Hek gene, polymorphisms of Hek did
not occur in the catalytic domain (phosphorylation site),
but most frequently in the noncoding region, which
seemed to affect the transcriptional process and
messenger RNA stability of the Hek gene product.
In addition, the frequency of polymorphisms in the
noncoding region was well correlated with the acti-
vation of neutrophils in terms of myeloperoxidase
release, suggesting that the amount of Hek protein,
not the degree of Hck phosphorylation, miﬁht be
more important. Several reports® regarding human
solid tumors have also shown that the absolute
protein level of Src-kinase was more important than
the phosphorylated protein level in terms of its
biological activities.

Second, we might not have detected the precise
phosphorylation sites of Hck protein. Hck has two
phosphorylation sites, Tyr*'® and Tyr*”'. In the case of
activation, Tyr*'? is phosphorylated and Tyr*' should
be dephosphorylated. Because we used a nonspecific
anti-phosphotyrosine al:tihody that cannot distin-
guish Tyr*'? from Tyr™, we could not detect the
true phosphorylated site. Therefore, p-Hek might
not indicate the active form of Hek. This may also be
the reason why the adjusted p-Hck level was nega-
tively correlated with the number of pack-years of
smoking. If p-Hek represented the inactivated form of
Hek, the negative correlation would indicate a reverse
correlation. In other words, the active form of Hek
increased as the number of pack-years of the consump-
tion of cigarettes increased. Further evaluation with a
specific anti-phosphotyrosine (Tyr*'") antibody will
be necessary to clarify the correlation between the
activated Hek levels and the background character-
istics. Third, it might be due to the steady state of the
neutrophils used in the present study. Hek is known
to be activated mainly through two pathways. One is
a receptor-mediated mechanism stimulated by
various cytokines such as interlenkin-8,'7 and the
other is an integrin-mediated mechanism.'S Be-
cause our COPD subjects were in a stable condi-
tion, Hek might not be fully activated. But in-
creased Hek protein levels might have a potential
reactivity in the case of external stimulation during
acute exacerbations. That is, the more Hek protein

100

there is, the more easily it can be phosphorylated;
subsequently, a much stronger activation of neu-
trophils wounld occur, which might cause an en-
hancement of airway inflammation and the pro-
gression of COPD.

In conclusion, we showed the increased expression
of Hek protein in peripheral blood neutrophils in
COPD patients, which was significantly correlate
with the severity of the air-flow limitation. Consid-
ering that the Hek protein level was also relevant to
the expression of the neutrophil surface molecules
such as CD-11b and CXCR-1, it seemed that Hck
might have an important role in the neutrophil
function and might play a key role in the COPD
pathophysiology. Further clarification of the precise
mechanisms of Hek may improve the understanding
of the pathogenesis of COPD and provide clues for
new therapeutic approaches.
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Peak Expiratory Flow Variability Adjusted by Forced
Expiratory Volume in One Second is a Good Index
for Airway Responsiveness in Asthmatics
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Hisatoshi Sugiura, Yoshiaki Minakata and Masakazu Ichinose

Abstract

Background The lowest peak expiratory flow (PEF) over a week, expressed as a percentage of the highest
PEF (Min%Max PEF) has been reported 1o be the index that most closely correlates with airway hyperre-
sponsiveness (AHR) in asthmatics. However, both fluctuation of the airway caliber and airflow limitation are
regarded as physiological properties of asthma closely related to AHR. An accurate index that shows the de-
gree of AHR may be obtained by combining the index of airway lability with the parameters that represent
airway caliber,

Methods Ninety-two steroid-naive and twenty-eight steroid-treated asthmatic patients were enrolled. Using
the physiological parameters obtained from spirometry and PEF monitoring, we investigated the indices
which correlale accurately with airway responsiveness measured by the inhalation challenge test.

Results Although the methacholine threshold was related to all parameters that represent airway caliber and
lability, Min%Max PEF had the strongest corrclation with AHR. When Min%Max PEF was adjusted by the
airway geometric factors, the normalization of Min%Max PEF with forced expiratory volume in one second
as a percentage of the predicted value (%FEV) improved the relationship between Min%Max PEF and AHR.
Conclusions Min%Max PEF adjusted by %FEV, showed a good cormrelation with airway responsiveness
measured by the inhalation challenge test, and may be useful as a convenient alternative index of AHR in
asthmatic patients

Key words: airway hyperresponsiveness, airway lability, airflow limitation, bronchial asthma, spirometry

(Inter Med 47: 1107-1112, 2008)
(DO1: 10.216%/internalmedicine.47.0855)

Although multiple factors are involved in the mechanism

Introduction

Airway hyperresponsiveness (AHR), the degree of airway
responsiveness to various nonspecific stimuli, is an impor-
tant physiological feawre of asthma (1-3). It has been re-
ported that evaluation of AHR is useful to diagnose asthma
(1, 2), assess the response to asthma therapy (4-6), and
guide asthma treatment (7, 8). However, the standard
method of assessing AHR, inhalation challenge test. is not
easy to perform in clinical practice.

of AHR, both fluctuation of the airway caliber and airflow
limitation are regarded as physiological properties of asthma
closely related to AHR (3, 4, 9-14). Peak expiratory flow
(PEF) monitoring is accepted as a part of asthma manage-
ment that provides information about fluctuations of the air-
way caliber, known as airway lability (1). Among several
PEF indices, the lowest PEF over a week, expressed as a
percentage of the highest PEF (Min%Max PEF) has been
suggested 1o be the best index of airway lability in clinical
practice because it more strongly correlates with AHR than
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Table 1, Subject Demographics

Steroid-naive Steroid-treated
Number 92 (FM = 57/35) 28 (FIM = 15/13)
Asthma stalus Mild persistent = 58 Controlled = 25
Moderate persistent = 34 Pertly controlled = 3

Age (Years) 45717 411418
FVC (L) 328%0.08 3.56+0,14
FEV: (L) 2.54+0.08 285+0.11
FEV:% (%) 772%04 B0.5+1.6
%FEV, (%) 91.0+12 924+1.7
Rrs (emH;O/L/s) 43201 45+03
Min PEF (L/min) 34212 379+21
Max PEF (L/min) 410%=12 442+22
Mean PEF (Umin) 376+ 12 410+22
Min%Max PEF (%) 828+0.8 85.3=1.1
PDaoo (mg/mL) 14.0+21 16.6+1.7

Dafinition of ahhreviations: F! female, M: mais, FUC: forced vital capacity, FEV,: forced sspirstory volume in ane
second, %FEV,: FEV, TR g8 of the valus, Rrs; ¥ PEF: peak
expirntory flow, Min PEF: the lowest PEF over 8 week, Max PEF: e highest PEF over b week, Mean PEF: tha
maan vaiua of the lowest and highast PEF, Min%Max PEF: the lowest PEF over & week, expressed it the

parcentage of the highast PEF, PO

dose of

raapirmory resistance. Valuss are meansSE.

any other physiological parameters (12). However, a close
association was also found between lower level parameters
that represent airway caliber such as forced expiratory vol-
ume in one second (FEV,) and AHR (3, 4, 9, 10). There-
fore, we hypothesized that an accurate index that shows the
degree of AHR may be obtained by combining the index of
airway lability with the parameters that represent airway
caliber.

In the current study, using the physiological parameters
obtained from spirometry and PEF monitoring, we investi-
gated the indices which correlate accurately with AHR
measured by the inhalation challenge test in patients with
asthma.

Methods

Study subjects

Ninety-two steroid-naive and twenty-eight steroid-treated,
nonsmoking asthmatic patients took part in the study after
giving informed consent. The study was approved by the lo-
cal ethics committee, All patients satisfied the American
Thoracic Society criteria for asthma (15). The clinical char-
acteristics of the study subjects are shown in Table 1. All
patients in the steroid-naive group attended our outpatient
clinic recenily, and had been without regular asthma treat-
ment including steroid therapy. The asthma severity was
classified in fifty-eight subjects as mildly persistent, and in
thirty-four as moderately persistent (1). The patients in the
steroid-treated group had been treated with inhaled corti-
costeroids at a mean equivalent dose of 372 pg fluticasone
propionate-day” without any other regular asthma treatment.

catsing & 100% ncrease n

The asthma control levels of twenty-five steroid-treated pa-
tients were classified as controlled, but three patients were
classified as parily controlled because their FEV, value were
below 80% of the predicted values (1). Rescue use of short
acting inhaled PB: agonists as needed for relief of symptoms
was permitted. Because of safety concems with meth-
acholine challenge testing, steroid-naive subjects whose
asthma severity was classified as severe persistent, steroid-
treated patients whose control level was classified as uncon-
trolled, and subjects with impaired lung function (FEV,<
55% predicted value) were not enrolled in this study. In ad-
dition, subjects were not included if they had had an exacer-
bation of asthma, or a respiratory tract infection, in the wo
weeks preceding the study, or the use of rescue inhaled [
agonists within twenty-four hours before the inhalation chal-
lenge test.

Study design

The present study was cross-sectional. Subjects attended
the outpatient clinic at the Wakayama Medical University
hospital on one occasion for clinic examination, spirometry,
and methacholine inhalation challenge. PEF monitoring was
performed for at least two weeks before this attendance.

Methacholine inhalation challenge test

Airway responsiveness was measured using a device (As-
tograph Jupiter 21; Chest Co., Tokyo, Japan) that displays
respiratory resistance (Rrs) ed via the forced oscilla-
tion method during tidal breathing with continuous inhala-
tion of the aerosolized methacholine as previously described
(16). The degree of the airway responsiveness was defined
as the cumulative provocative dose of methacholine causing
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Table 2.

way Physiologic Parameters
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Correlation between Airway Responsiveness to Methacholine and Air-

] _Pr_lyslologic paramalers Coeflicient p value 895% Cl
Rrs ([emH;0/Us) 0.461 < 0.0001 0.591 , -0.307
FVC (L) 0.287 < 0.005 0.113 , 0.443
FEV, (L) 0.408 < 0.0001 0.246 , 0.547
®RFEV, (%) 0.607 < 0.0001 0.480 ,0.709
Min PEF (L/min) 0.449 < 0.0001 0293 ,0.581
Max PEF (Limin) 0.297 <0.001 0.124 , 0452
Mean PEF (L/min) 0.374 < 0.0001 0.209 ,0.519
h@% PEF (%) - 0.708 < 0.0001 0.607 ,0.788

) Dﬁ_ﬂndm Ck confidanca inlorval, Rra: mapiraiory reistancs, FVC: forced wital capacily, FEV,

loroed sapirsiony volume in one sacond, WFEV, FEV,

walue, PEF

ma of tha p

pank axpiratony fow, Min PEF: the lowsst PEF over a wesk, Max PEF: e highedt PEF over & week, Mean PEF:
tha mean value of the lowesl and highes! PEF, Min'SMax PEF: the lowest PEF over a weak, sxpressad as the

parcantage of the highest PEF

a 100% increase in baseline Rrs (PDuw) (17).
Pulmonary function test

FEV, and forced vital capacity (FVC) were measured
with a Chest HI 801 (Chest Co., Tokyo, Japan) according to
the standard procedure (18).

PEF measurements

Using an Assess”™ peak flow meter (Respironics Health
Scan Inc., Cedar Grove, NJ, USA), PEF measurements were
performed twice a day for at least two weeks according
the standard procedure (19). The lowest PEF expressed as a
percentage of the highest PEF in the previous week before
the methacholine inhalation challenge test was assumed to
represent the PEF variability for the week (Min%Max PEF)
(1, 12).

Adjustment of PEF variability for physiological pa-

rameters that represent airway caliber

To investigate the physiological indices which correlate
accurately with AHR in asthmatics, Min%Max PEF was ad-
justed by several airway geometric factors. Seven scparate
indices were calculated as follows:

1. Min%Max PEF adjusted by Rrs

The Min%Max PEF was divided by the actual Rrs value.

2. Min%Max PEF adjusted by FVC

The Min%Max PEF was multiplied by the actual FVC
value.

3. Min%Max PEF adjusted by FEV,

The Min%Max PEF was multiplied by the acwal FEV,
value

4. Min%Max PEF adjusted by %FEV,

The Min%Max PEF was multiplied by the FEV, percent-
age of the predicted value (%FEV,).

5. Min%Max PEF adjusted by Minimum PEF

The Min%Max PEF was multiplied by the actual lowest
PEF value during one week.

6. Min%Max PEF adjusted by Maximal PEF

The Min%Max PEF was multiplied by the actual highest

PEF value during one week.

7. Min%Max PEF adjusted by Maximal PEF

The Min%Max PEF was multiplied by the actual mean
value of the lowest and highest PEF during one week.

Statistical analysis

Spearman’s correlation coefficients were calculated to de-
termine the correlation between the methacholine threshold
and pulmonary physiological parameters. All data were ex-
pressed as means + SE, and significance was defined as a p
value of less than 0.05.

Results

Correlation between airway physiological parame-
ters and airway responsiveness

The results of the correlation coefficient analysis between
the airway responsiveness and airway physiologic parame-
ters are listed in Table 2. Although the PDyxo was related to
all parameters that represent airway caliber and lability (Ta-
ble 2 and Fig. 1), Min%Max PEF had the strongest correla-
tion with AHR (r=0.709, p<0.0001) (Table 2 and Fig. 2A)

Impact of adjusting the PEF variability for airway
caliber on the correlation with AHR

When Min%Max PEF was adjusted for airway geometric
factors, the normalization with %FEV, improved the correla-
tion between Min%Max PEF and AHR (r=0.750, p<0.0001)
(Table 3 and Fig. 2B), By contrast, other geometric factors
such as actual FEV, and Rrs values did not improve the re-
lationship between Min%Max PEF and airway responsive-
ness (Table 3). A nomogram incorporating Min%MaxPEF
with @FEV, was constructed to predict the degree of airway
responsiveness measured by the methacholine challenge test
(Fig. 3). The PDxo value was calculated by the corrclation
equation oblained from regression analysis, as follows:
logPDxw=Min%Max PEFx%FEV./1885-2.9.
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Rrs (cmH,0/Lis)

FEV, (L)

100 4

%FEV, (%)
-1

PD,q, (mg/mL)

Figure 1.

@ Steroid-nalve
O Steroid-treated

Min PEF (L/min)

g

g

Max PEF (L/min)
¢ ¢

8

Mean PEF (L/min)
B ¢

0.1 . 1 10
PD,gq (mg/mL)

Relationship between airway responsiveness to methacholine and physiological pa-

rameters that represent airway caliber: a) respiratory resistance value; b) actual forced volume in
one second (FEV)) value; ¢) FEV) percentage of the predicted value (% FEV1); d) the lowest peak
expiratory flow (PEF) value during one week; €) the highest PEF value during one week: f) mean
value of the lowest and highest PEF value, The lines correspond to the [itted regression equation.

Discussion

In the current study, the correlation coefficient analysis in-
dicated that airway responsiveness measured by the inhala-
tion challenge test correlated with the parameters that repre-
sent airway caliber and lability, and Min%Max PEF had the
strongest correlation with AHR in asthmatics. However, the
normalization of Min%Max PEF with %FEV, improved the
relationship between Min%Max PEF and AHR.

AHR is a consistent and defining feature of asthma (1-3).
AHR measurement is a valuable tool in the diagnosis of
asthma (1, 2), and for evaluating the treatment response
(4-6). In addition, it has been demonstrated that asthma
management plans that include AHR measurements are su-
perior to plans without AHR measuremenis (7, 8). Although
airway responsiveness is generally evaluated by inhalation
challenge test using bronchoconstrictive agents, it is not
convenient and involves several clinical issues such as inva-

siveness and contraindications (2). Therefore, establishing a
convenient index for predicting the degree of airway respon-
siveness other than by using the inhalation challenge test
would be useful for clinical asthma management.

Several mechanisms, such as airway inflammation, in-
creased neural reflexes, airway geometric factors, and ge-
netic factors, have been proposed to explain the AHR (1-4).
Among these mechanisms, airway inflammation has been re-
ported to be a key factor (3, 4, 6, 7), and it also affects the
other important physiologic properties of asthma, such as
airflow limitation and airway lahility (3, 4, 6). Previous
studies have shown close correlations between PEF variabil-
ity and AHR (11-14). In particular, Reddel et al recom-
mended Min%Max PEF as the best index of airway lability
in clinical practice (12). However, a reduction in airway
caliber would result in a greater increase in airway resis-
tance and consequently greater airflow limitation (20), and a
close association was found between lower level parameters
that represent airway caliber such as FEV, and AHR (3, 4,
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