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PHYSIOLOGY AND BIOMARKERS

Bronchial Reactivity to Histamine Is Correlated With Airway Remodeling
in Adults With Moderate to Severe Asthma

NAOMI TSURIKISAWA, M.D.,∗ CHIYAKO OSHIKATA, M.D., TAKAHIRO TSUBURAI, M.D., HIROSHI SAITO,
PH.D., KIYOSHI SEKIYA, M.D., HIDENORI TANIMOTO, M.D., SAYAKA TAKEICHI, M.D.,

HIROYUKI MITOMI, M.D., AND KAZUO AKIYAMA, M.D.

Clinical Research Center for Allergy and Rheumatology, National Hospital Organization, Sagamihara National Hospital,
Sagamihara, Kanagawa, Japan

Background. Chronic eosinophilic inflammation may promote airway remodeling, including thickening of the reticular basement membrane
(RBM), hypertrophy and hyperplasia of the airway smooth muscles (ASM), and an increase in the production of tenascin. The authors examined
the correlation between airway remodeling and bronchial reactivity to histamine (Hist) and acetylcholine (ACh) in patients with moderate to
severe asthma. Methods. In 30 adult patients with asthma, the authors assessed bronchial hyperresponsiveness (BHR) to various concentrations
of ACh and Hist by measuring decreases in forced expiratory volume in one second (FEV1) of >20% from the preprovocation state, and %
recoveries of FEV1 after inhalation of β-stimulant. After corticosteroid therapy, the authors evaluated the thickening of RBM and ASM and the
production of tenascin in bronchial specimens. Results. The % decrease in FEV1 was correlated with the % recovery in FEV1 after provocation
by ACh or Hist. Hypertrophy of ASM was correlated with the % decrease in FEV1 after provocation by Hist, but not by ACh. Thickening of
ASM, up-regulation of tenascin in RBM, and duration of asthma were inversely correlated with the % recovery of FEV1 after provocation by
Hist, but not by ACh. Conclusions. In adult patients with moderate to severe asthma, a strong bronchial contraction provoked by Hist and a
subsequent small recovery indicate airway remodeling.

Keywords: acetylcholine; airway remodeling; bronchial asthma; bronchial hyperresponsiveness; eosinophilic inflammation; histamine

INTRODUCTION

Airway remodeling is characterized by epithelial desqua-
mation or loss of tight junctions (1–3), thickening of the
reticular basement membrane (RBM) (4–9), hypertrophy
and hyperplasia of airway smooth muscles (ASM) (5,
8–10), increased angiogenesis (10–12), enlargement of
submucosal mucous glands (9, 13), increased fibroblast
and collagen deposition in the lamina propria (5, 7, 8, 14,
15), and increased production of tenascin (14, 16, 17).

Bronchial hyperresponsiveness (BHR) to histamine
(Hist), methacholine (MCh), acetylcholine (ACh), adeno-
sine, mannitol, and exercise is widely used to diagnose
asthma (18, 19). MCh and ACh cause bronchoconstric-
tion directly via muscarinic 3 (M3) receptors on the
smooth muscle cells, whereas Hist causes it directly via
H1 receptors on bronchial smooth muscle cells. However,
the pharmacological and physical differences in bronchial
constriction by in vivo stimulation by ACh, MCh, and Hist
remain to be elucidated.

BHR has been related to airway inflammation as indi-
cated by the abundance of exhaled nitric oxide (NO),
sputum eosinophils (20), and mast cells in ASM (8).
Long-term asthma and severe asthma lead to airway
remodeling, such as hyperplasia and hypertrophy of ASM
(21, 22). However, BHR in patients with long-term asthma

∗Corresponding author: Naomi Tsurikisawa, Clinical Research Center for
Allergy and Rheumatology, National Hospital Organization, Sagamihara
National Hospital, 18-1 Sakuradai, Minami-ku, Sagamihara, Kanagawa
252-0392, Japan; E-mail: n-tsurikisawa@sagamihara-hosp.gr.jp

does not affect airway inflammation, and it is difficult
to evaluate airway inflammation separately from BHR or
lung function, because they are related in ways affected by
treatment with inhaled corticosteroid (ICS) and duration
of asthma (23, 24).

Airway remodeling has been linked to BHR, to the
development of fixed airflow limitation, and to a long-
term decline in lung function in adult asthmatics (11, 25,
26). Several reports relate it to the relationship between
BHR to MCh and thickness of RBM (2, 4), hyperplasia
of ASM (27), tenascin production (14, 28), and colla-
gen type III and V production in the subepithelial layer
of the bronchi (14). Other studies report a correlation
between forced expiratory volume in one second (FEV1)
or FEV1/forced vital capacity (FVC), and ASM (10),
RBM thickness (4, 6), tenascin production (14), and col-
lagen III and V production in the subepithelial layer
(14). Tenascin and fibronectin are produced in RBM to
repair tissue, and long-term asthma promotes increased
production of tenascin; ICS treatment decreases tenascin
immunoreactivity in patients with seasonal asthma (17).
The mechanism by which tenascin contributes to air-
way remodeling remains to be elucidated. It is not clear
whether hypertrophy of ASM or thickness of RBM affects
the strength of bronchial constriction and dilatation after
provocation by ACh or Hist.

Here, we performed bronchial biopsy and measured
lung function as BHR to ACh and Hist in adult patients
with asthma. We examined the differences in bronchial
constriction and dilatation after provocation by ACh or
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842 N. TSURIKISAWA ET AL.

Hist, and the correlation between airway remodelling,
and bronchial reactivity to Hist and ACh in adults with
asthma.

MATERIALS AND METHODS

Subjects

We enrolled 30 men and women with moderate to severe
asthma (Table 1), each of whom were admitted with an
asthma attack to the Clinical Research Centre for Allergy
and Rheumatology at the National Hospital Organization,
Sagamihara, between 1999 and 2003. All were assessed
according to the criteria of the American Thoracic Society
(29), and the severity of asthma at biopsy was evaluated
as defined by the current Global Initiative for Asthma
(GINA) guidelines (18). Nine control patients had con-
firmed or suspected lung cancer without asthma and had
no suspicious signs of disease on the mucous membranes.
The exclusion criteria included pulmonary diseases other
than asthma.

Study Design

Before bronchoscopy was performed, initially, all patients
were given systemic corticosteroid (SCS) treatment as
12 mg of betamethasone by intravenous administration
for 14 consecutive days in addition to other antiasthma
drugs such as ICS, long-acting β2 agonists, leukotriene-
receptor antagonists, and sustained-release theophylline.

Within the 2 weeks after SCS treatment ended, airway
responses to ACh and Hist were measured by spirometry
on separate days. Two weeks after SCS treatment ended,
we took bronchial specimens by bronchofibroscopy. All
patients continued treatment with antiasthma drugs. We
evaluated the thickening of RBM and ASM in stained sec-
tions, as well as the production of tenascin in RBM. The
study was approved by the hospital ethics committee in
accordance with the Helsinki Declaration, and informed
consent was obtained from each patient.

Measurement of Bronchial Hyperresponsiveness to ACh
and Hist

Inhalation tests were performed as described (30), with
slight modifications. We prepared ACh chloride (Ovisot,
Daiichi Pharmaceutical, Tokyo, Japan) at concentrations
of 0.157, 0.316, 0.625, 1.25, 2.5, 5, 10, and 20 mg/ml
and Hist dihydrochloride (Sigma, St Louis, MO, USA) at
0.078, 0.157, 0.316, 0.625, 1.25, 2.5, 5, and 10 mg/ml
by dilution in buffered saline (pH 7.4). All antiasthma
medications were withheld for at least 12 h before mea-
surement. The subjects inhaled aerosol from a nebulizer
(DeVilbiss 646; DeVilbiss, Somerset, PA, USA; 5 L/min)
by tidal breathing for 2 min. Isotonic saline was inhaled
first to give a baseline measurement. FEV1 was measured
with a spirometer (Auto Spiro AS-303; Minato Medical
Science, Osaka, Japan). Patients with FEV1 < 1.00 L or
FEV1 < 90% of the baseline FEV1 were not tested further.
Increasing concentrations were then inhaled until FEV1

TABLE 1.— Patient characteristics.

Patients without asthma
(control)† (N = 9)

Patients with
asthma (N = 30)

Mean (SD) age (years) 62.6 (6.4) 48.1 (14.1)∗∗

Mean (range) age at onset of asthma
(years)

28.6 (0–63)

Mean (range) duration of asthma (years) 18.8 (1–53)
Sex (M/F) 4/5 15/15
Smoking: never/ex-/current 4/2/3 22/3/5
Type: atopy/nonatopy 21/9
Severity: Step 1/2/3/4 0/0/5/25
Mean (range) serum IgE RIST (IU/ ml) 250 (20–12900)
Treatment at bronchial biopsy
ICS (μg: FP equivalent) mean (SD) 793.8 (375.0)
SCS, N (%) 1 (3.3)
Long-acting β2 agonists, n (%) 16 (53.3)
Leukotriene receptor antagonist, n (%) 13 (43.3)
Sustained release theophylline, n (%) 17 (56.7)
At bronchial biopsy
Mean (SD) FVC (% predicted) 94.2 (14.6)
Mean (SD) FEV1 (% predicted) 83.1 (19.2)
Mean (SD) V50 (% predicted) 64.9 (27.1)
Mean (SD) V25 (% predicted) 47.6 (23.9)
Mean PC20-ACh (range) (μg/ml) 3865 (385–20000)
Mean PC20-Hist (range) (μg/ml) 462 (65– 6561)
RBM (μm), mean (SD) 3.7 (1.1) 9.0 (3.5)∗∗

ASM (μm), mean (SD) 3.5 (0.7) 6.9 (2.5)∗∗

Eosinophils (cells/mm2), mean (SD) 0.07 (0.14) 0.51 (0.69)

Note. Data are presented as mean (SD) or mean (range), n (%).
PC20-ACh and PC20-Hist indicate bronchial sensitivity to acetylcholine and histamine, respectively.
FVC = forced vital capacity; FEV1 = forced expiratory volume in one second; PC = provocative concentration. RIST= radioimmunosor-
bent test.
†Control patients had confirmed or suspected lung cancer.
∗∗p < .01.
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BRONCHIAL REACTIVITY TO HIST RELATES TO AIRWAY REMODELING 843

fell by >20% of its post–saline solution value or until
the maximum concentration was reached. The percentage
fall in FEV1 from the post–saline solution value was plot-
ted against the log concentration of inhaled ACh or Hist.
Bronchial sensitivity was defined as the provocative con-
centration (PC) of the agonist leading to a fall in FEV1
of >20% (PC20). Immediately after the test, any fall in
FEV1 was reversed by inhalation of 2.5 mg salbutamol
via a nebulizer. Subjects with a PC20-ACh of <20 mg/ml
or a PC20-Hist of <10 mg/ml were defined as having a
positive BHR.

Evaluation of Provocation Test

We calculated three measurements of lung function after
provocation by ACh or Hist and after inhalation of the
β-stimulant (see Figure 1): the % decrease in FEV1, cal-
culated as FEV1↓ = (A − B)/A × 100; the % recovery of
FEV1, calculated as FEV1↑ = (C − B)/A × 100; and the
ratio of FEV1↑ to FEV1↓, calculated as FEV1↑/FEV1↓ =
(C − B)/(A − B) × 100.

Measurement of Serum IgE and Definition of Atopy

Total and specific immunoglobulin E (IgE) contents
(IU/ml) of serum were measured within 1 month after the
first hospital visit by enzyme-linked immunosorbent assay
(ELISA) using a nephrometer (BN II; Dade Behring,
Deerfield, IL, USA) (31). Atopy was defined as the pres-
ence of at least one kind of IgE antibody specific to
house dust mite, cat, dog, Alternaria tenuis, Aspergillus
fumigatus, or ragweed.

Bronchoscopy and Bronchial Biopsies

Bronchoscopy was performed according to international
guidelines (32). After premedication with 4% lidocaine
by nebulizer and spray, all patients were anesthetized
intravenously with 3 mg midazolam hydrochloride. A
bronchoscope (Olympus BF-1T240; Olympus Optical,
Tokyo, Japan) was inserted through the mouth and phar-
ynx, and the trachea and bronchi were anesthetized with

(%)

110

% decrease in FEV1
100

after provocation 
with Ach or Hist90

Recovery 
Inhalation
of β-
stimulant

A = Preprovocation FEV1 

80

70

B = postprovoca
-tion FEV1(L)

C = FEV1(L) 
after
i

(L; set at 100%)

60
inhalation
of β-
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before

control

78

156

313

625

1250

2500

5000

10000

20000 μg/mL

FIGURE 1.— Study protocol and calculation of parameters. % decrease in
FEV1 = FEV1↓ = (A − B)/A × 100. % recovery of FEV1 = FEV1↑ =
(C − B)/A × 100. Ratio of % recovery of FEV1 to % decrease in FEV1 =
FEV1↑/FEV1↓ = (C − B)/(A − B) × 100.

4% lidocaine administered during maintenance with oxy-
gen 3 L/min via nasal cannula. Two or three specimens
were taken from the bronchi in the right upper and lower
lobes.

Measurement of Basement Membrane and Airway
Smooth Muscle Thickness

Biopsy specimens were fixed in 10% formaldehyde,
embedded in paraffin, cut at 3 μm, and stained with hema-
toxylin and eosin. The thickness of RBM was assessed
in five sections, each from two different specimens from
the base of the bronchial epithelium to the outer limit of
the reticular layer (4). The diameter of ASM cells was
measured across the nucleus in at least five cells in ran-
domly selected fields of two different specimens (33). We
used image analysis software (Image Pro Plus 5.0; Media
Cybernetics, MD, USA) to evaluate the thickness of RBM
and ASM.

Immunohistochemistry

We immunostained 3-μm sections on slides in an
Autostainer slide processor (DakoCytomation, Kyoto,
Japan). Briefly, the sections were cleared of paraffin in
xylene and rehydrated in decreasing concentrations of
ethanol in water. Endogenous peroxidase activity was
blocked by incubation with peroxidase-blocking solu-
tion (Dako A/S, Glostrup, Denmark) for 5 min. Antigen
retrieval for all antibody treatments consisted of auto-
clave treatment of sections for 30 min in either Epitope
Retrieval Solution (DakoCytomation) or Target Retrieval
Solution (pH 6.0; DakoCytomation). The slides were
then incubated with primary antibodies for 30 min at
room temperature in Envision kits (DakoCytomation);
then for 30 min with horseradish peroxidase–labeled
polymer conjugated with secondary antibody; and then
with substrate-chromogen (3,3’-diaminobenzidine) solu-
tion for 30 min (DakoCytomation). The sections were
then lightly counterstained with Mayer’s hematoxylin.
The antibody against tenascin was a mouse monoclonal
antibody (TG 6044; Biomol, London, UK). Staining of
tenascin was expressed as a percentage of the area of
RBM (34).

Statistical Analysis

All values are expressed as means ± SD (range) unless
otherwise specified. Pairs of means were compared by
the Mann-Whitney U test. Correlation coefficients were
obtained by Spearman’s rank correlation test. Values of
p < .05 were considered to be statistically significant.
Statistical analysis was performed with StatView 5.0 soft-
ware (SAS Institute; Cary, NC, USA).

RESULTS

Clinical Findings

The mean age of the patients with asthma in the study
was 48.1 ± 14.4 years; the mean age of asthma onset was
28.6 ± 18.5 years; and the mean duration of asthma was
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18.8 ± 15.3 years (Table 1). The mean age of the control
patients was greater (p < .01). Most of the patients with
asthma had never smoked, and the ratio of patients with
a smoking history was not significantly different between
the patient group and controls. More patients had atopic
asthma than non-atopic asthma. At bronchial biopsy, we
classified 25 of the 30 patients as Step 4 and the other 5 as
Step 3 according to the GINA guidelines. Lung function
at bronchial biopsy was relatively good: 94.2% ± 14.6%
of FVC and 83.1% ± 19.2% of FEV1. However, small air-
way impairment remained: 64.9% ± 27.1% flow at 50%
of vital capacity (V50). The range of BHR to ACh and
Hist at bronchial biopsy was wide: 385–20 000 μg/ml as
PC20-ACh and 65–6561 μg/ml as PC20-Hist after treat-
ment with systemic steroids. Both RBM and ASM were
thicker in patients with asthma than in the controls. We
found few eosinophils in specimens of both asthmatic
patients and controls (Table 1).

Correlations Between RBM or ASM and %FEV1 (Before
or After Provocation With ACh or Hist), %V50 or %V25
(Before Provocation), or PC20-ACh or PC20-Hist

The thickness of ASM was significantly correlated with
PC20-Hist only (Table 2). The thickness of RBM was not
significantly correlated with any parameters.

Correlations Between FEV1↓ and Thickness of RBM and
ASM in BHR to ACh and Hist

The % decrease in FEV1 (FEV1↓) indicates maximum
bronchial contraction when FEV1 is decreased by provo-
cation with ACh or Hist. The thickness of RBM was
not significantly correlated with FEV1↓ in BHR to either
ACh or Hist. The thickness of ASM was significantly
correlated with FEV1↓ in BHR to Hist only (Table 3).

Correlations Between FEV1↓ and FEV1↑ in BHR to ACh
and Hist

The % recovery of FEV1 (FEV1↑) indicates the degree
of recovery promoted by inhalation of β-stimulant after
provocation with ACh or Hist. FEV1↓ was significantly
correlated with FEV1↑ in both BHR to ACh (rs = .76,
p < .01; Figure 2A) and BHR to Hist (rs = .56, p < .01;
Figure 2B). The lower rs of Hist may have been due to
lower efficacy of the β-stimulant after provocation by Hist
than by ACh.

Correlations Between FEV1/FEV1↓ and Thickness of
ASM in BHR to ACh and Hist

The ratio of FEV1↑ to FEV1↓ indicates the % recovery
promoted by inhalation of β-stimulant after provocation
with ACh or Hist relative to the % decrease of FEV1.
The thickness of ASM was significantly inversely corre-
lated with FEV1↑/FEV1↓ in BHR to Hist (rs = −.68, p<

.01; Figure 3B), but not in BHR to ACh (rs = −.13, p =

.50; Figure 3A). The thickness of RBM was significantly
inversely correlated with FEV1↑/FEV1↓ in BHR to Hist
(rs = −.55, p < .01), but not in BHR to ACh (rs = −.09,
p = .65).

Correlations Between Production of Tenascin in RBM
and FEV1↓ or FEV1↑/FEV1↓ in BHR to Hist
The production of tenascin in RBM was not corre-
lated with FEV1↓ in BHR to Hist (rs = .02, p = .97;
Figure 4A), but it was significantly inversely correlated
with FEV1↑/FEV1↓ in BHR to Hist (rs = −.52, p <

.01; Figure 4B). The strength of production of tenascin
in RBM was associated with insufficient recovery. The
production of tenascin in RBM was not correlated with
FEV1↓ or FEV1↑/FEV1↓ in BHR to ACh (data not
shown).

TABLE 2.— Correlations between RBM or ASM and %FEV1 (before or after provocation with ACh or Hist),
%V50 or %V25 (before provocation), or PC20-ACh or PC20-Hist.

RBM ASM

rs p rs p

%FEV1 before provocation .15 .42 −.32 .08
%V50 before provocation .07 .72 −.31 .09
%V25 before provocation .01 .96 −.29 .11
%FEV1 after provocation with ACh .09 .64 −.31 .08
%FEV1 after provocation with Hist −.29 .11 −.18 .32
PC20-ACh −.06 .74 −.21 .26
PC20-Hist −.24 .18 −.43 .014∗

Note. rs = Spearman’s rank correlation coefficient.
∗p < .05.

TABLE 3.— Correlations between RBM or ASM and % decrease in FEV1 after provocation with ACh or Hist.

ACh Hist

rs p rs p

RBM .26 .17 .02 .90
ASM .10 .60 .37 .04∗

Note. rs = Spearman’s rank correlation coefficient.
∗p < .05.

J 
A

st
hm

a 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
Sa

ga
m

ih
ar

a 
N

at
io

na
l H

os
pi

ta
l o

n 
09

/2
8/

10
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



BRONCHIAL REACTIVITY TO HIST RELATES TO AIRWAY REMODELING 845

(%)

(A) (B)

40

50

p < 0.01

rs = 0.76
p < 0.01

rs = 0.56

20

30

10

%
 r

e
c
o

v
e

ry
 o

f 
F

E
V

1

(%)
0

(%)

40

50

20

30

10

%
 r

e
c
o

v
e

ry
 o

f 
F

E
V

1

0
0 10 20 30 40 50

% decrease in FEV1

(%)0 10 20 30 40 50

% decrease in FEV1

FIGURE 2.— Correlation between % recovery of FEV1 and % decrease in FEV1 after provocation by (A) ACh or (B) Hist.
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(C)(B)

tenascin
tenascin

(A)

FIGURE 5.— Immunohistochemistry of tenascin in RBM: (A) control subject without asthma; (B) patient with short history of asthma; (C) patient with long
history of asthma. ×100. Patient B: 60 years old; asthma for 6 years; BHR of 7610 μg/ml PC20-ACh, 128 μg/ml PC20-Hist. Patient C: 63 years old; asthma
for 28 years; BHR of 10416 μg/ml PC20-ACh, 157 μg/ml PC20-Hist.

Immunohistochemistry of Tenascin in RBM

Histological examination of bronchial tissue revealed only
trace production of tenascin in a control subject without
asthma (Figure 5A), moderate production in patients with
short-term asthma (Figure 5B), and strong production
in patients with long-term asthma (Figure 5C), although
BHR to ACh or Hist in two patients was similar.

DISCUSSION

Our results show differences in bronchial constriction
after provocation by ACh and Hist: hypertrophy of ASM
reflected bronchial contraction after provocation with Hist
but not with ACh; and recovery after the contraction pro-
voked by Hist but not ACh was reduced as the concentra-
tion of tenascin in the RBM increased. Thus the strength
of bronchial contraction provoked by Hist and poor recov-
ery together suggest airway remodeling seen as thickening
of RBM, hypertrophy of ASM, and production of tenascin
in bronchi. We performed bronchoscopy after SCS treat-
ment because every patient had been admitted with an
asthma attack. We could not evaluate eosinophilic inflam-
mation in the airways, but we assumed that SCS treatment
slightly affected the indices of airway remodeling and
bronchial reactivity.

Long duration of asthma leads to airway remodeling
(22), and older patients who die of asthma have more
muscle in the airway wall than younger patients who die
of asthma (21). The immunoreactivity of tenascin in the
RBM is higher in patients with long-term asthma (>9.3
years) than in patients with seasonal asthma (5.3 years)
(17). On the other hand, thickening of the RBM is not
correlated with duration of asthma (7). Our results show
that duration of asthma was significantly correlated with
the thickness of ASM (rs = .53, p < .01) but not with
FEV1, V50, PC20-ACh, PC20-Hist, thickness of RBM, or
production of tenascin in RBM. Duration of asthma was

also significantly correlated with FEV1↑/FEV1↓ in BHR
to Hist (rs = −.52, p < .01), but not to ACh.

Hypertrophy of ASM was significantly correlated with
FEV1↑/FEV1↓ after provocation by Hist (Figure 3B), and
with FEV1↓ after provocation by Hist (Table 3). We con-
sider that hypertrophy of ASM was the major factor in
airway remodeling, and that airway remodeling indicates
a poor recovery response after provocation by Hist.

There are significant correlations between BHR to
MCh, abundance of eosinophils in sputum and NO lev-
els in patients who have had asthma for <16 years, and
between BHR to MCh and lung function in patients who
have had asthma for>16 years (23). These results indicate
that the duration of asthma does not affect airway inflam-
mation. It is difficult to evaluate airway inflammation
separately from BHR or lung function, because they are
related in ways affected by treatment with ICS and asthma
duration. We found few eosinophils and lymphocytes in
the bronchial epithelium, because patients had received
SCS and ICS before bronchoscopy. We could not exactly
evaluate the relationship between airway eosinophilic
inflammation and bronchial hyperresponsiveness in these
specimens.

Hist is a typical mediator of the allergic response,
as well as a cholinergic agonist. It causes bronchocon-
striction not only by a direct action on H1 receptors on
bronchial smooth muscle, but also partly by stimulation
of bronchial contraction via the vagal reflex (35). MCh
and ACh cause bronchial contraction via the pathway by
which ACh released from postganglionic parasympathetic
fibers stimulates smooth muscle contraction by binding to
M3 receptors on smooth muscle. There are differences in
bronchial contraction provoked by Hist, MCh, and ACh:
Hist has a stronger effect than MCh (36), but airway sen-
sitivity to Hist closely parallels sensitivity to MCh, and
the specificity and positive predictive value for diagno-
sis of asthma are similar for Hist and MCh (19). We
confirmed that PC20-ACh was correlated with PC20-Hist
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(p < .01, rs = .51), but PC20-Hist was lower than PC20-
ACh in each patient; that is, most patients were more
sensitive to Hist than to ACh, and BHR to ACh and Hist
showed heterogeneity. The mechanism by which ACh,
MCh, and Hist stimulate bronchial constriction remains
to be elucidated, but the epithelium inhibited an interac-
tion between ACh and Hist that provoked contraction of
human bronchial smooth muscle (37). Our results show
that hypertrophy of ASMwas significantly correlated with
FEV1↓ after provocation by Hist, but not by ACh. This
indicates a difference in the strength of ASM contraction
between provocation by Hist and by ACh. We hypothesize
that ASM may have higher numbers of H1 receptors, but
not M3 receptors, allowing ASM hypertrophy to reflect
both airway remodeling and BHR to Hist. It is not well
known whether ASM is associated with changes in the
pharmacological actions of β-stimulants or decreases in
the abundance of β-receptors on ASM.

Tenascin, produced in RBM to repair tissue, decreases
the tension of the airway walls. Long-term asthma pro-
motes increased production of tenascin, and ICS treatment
decreases it (17). Our results show that production of
tenascin in RBM was significantly correlated with the
degree of recovery from maximum bronchial contraction
provoked by Hist, but not with the strength of maxi-
mum bronchial contraction provoked by Hist. Duration
of asthma was not correlated with production of tenascin
(rs = .33, p = .09), although production of tenascin
in patients with long-term asthma tended to increase.
Reduction of the production of tenascin by treatment with
steroids was not elucidated. We consider that an increase
in production of tenascin in RBMmay inhibit dilatation of
the airway walls after provocation by Hist. These findings
indicate that treatment of asthma using agents that target
the tenascin in RBM may prevent airway remodeling in
patients with moderate to severe asthma.

We conclude that long-term asthma promotes airway
remodeling, as reflected in the hypertrophy of ASM and
an increase in production of tenascin, suggested by lower
recovery after provocation by Hist.
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