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Increased levels of surfactant protein A and D in bronchoalveolar
lavage fluids in patients with bronchial asthma
G. Cheng*, T. Ueda*, T. Numao*, Y. Kuroki**, H. Nakajima*, Y. Fukushima*,
S. Motojima#, T. Fukuda*
Increased levels of surfactant protein A and D in bronchoalveolar lavage fluids in patients
with bronchial asthma. G. Cheng, T. Ueda, T. Numao, Y. Kuroki, H. Nakajima, Y.
Fukushima, S. Motojima, T. Fukuda. #ERS Journals Ltd 2000.
ABSTRACT: Surfactant proteins (SP)-A and SP-D are collagen-like glycoproteins
belonging to the "collectin" class of C-type lectins, which are primarily synthesized in
type II cells. Recent studies reported the possibility of local production of SP-A and
SP-D in the airways, but the amounts of surfactant proteins in patients with bronchial
asthma have not been studied.
The composition of surfactant proteins in mild, stable asthmatics in the first lavage
as bronchial lavage (BL) and the second and third lavages consecutively as alveolar
lavages (AL) were therefore, analysed separately. The co-relationships in the BL
between the amounts of surfactant proteins and those of fucose, which is one of the
markers of submucosal secretion were also analysed.
Increased amounts of SP-A in BL and AL of in asthmatics were found as compared
with those in controls. A high concentration of SP-D in the AL asthma patients was
also found. The levels of SP-A correlated with those of fucose in patients with
bronchial asthma (r=0.849, p<0.01).
The observations in the present study suggested that surfactant protein A may be
secreted from the airways with allergic inflammation in a different manner from the
alveoli. The increased levels of surfactant proteins A and D may play a protective role
in an allergic inflammation in the pathogenesis of bronchial asthma.
Eur Respir J 2000; 16: 831±835.

A pulmonary surfactant is a highly surface-active
material, which prevents alveolar collapse by reducing
surface tensions at the air-liquid interface in alveolar
spaces. Although this concept is widely accepted, surfactants are rapidly expanding their list of properties. Several
recent studies indicated that surfactants also play a significant role in the patency of small airways. Increased
airway resistance in asthma could be partially due to a
surfactant dysfunction [1]. KURASHIMA et al. [2] reported
that in adult asthmatics nebulization of artificial surfactant (surfactant-TA) resulted in a dramatic improvement
in the vital capacity (VC) and forced expiratory volume in
one second (FEV1). Recently impairment of surfactant
function has been reported in asthmatics and animal
models of asthma [3, 4], but changes in the composition
of surfactants in asthmatics have not been studied
extensively.
Surfactant protein (SP)-A and SP-D are collagen-like
glycoproteins belonging to the "collectin" class of C-type
lectins that may play an important role in pulmonary host
defence [5, 6]. Surfactants are believed to be primarily
synthesized and stored in type II cells and secreted into
the alveolar spaces. Although pulmonary surfactant like
materials exist in the airways as well as in the alveolar
region, the origin of the airway surfactant is still controversial [7]. WONG et al. [8] recently reported that SP-D
and SP-A messenger ribonucleic acid (mRNA) and protein were detected by in situ hybridization and immunocytochemistry in alveolar type II and nonciliated
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bronchiolar epithelial cells of the lungs, as well as in
cells of the tracheal epithelium and tracheal submucosal
glands of the adult mouse. More recently, SAITO et al. [9]
also reported that airway submucosal glands express
and secrete SP-A2 alone, but not SP-A1, SP-B, SP-C or
SP-D. Therefore, the authors asked firstly whether the
levels of surfactant associated proteins in the bronchoalveolar lavage (BAL) fluid would be altered in patients
with bronchial asthma. To answer the question for local
production of surfactant proteins in the airways, the
composition of surfactant proteins in the first lavage as
bronchial lavage (BL) and the second and third lavages
consecutively as alveolar lavages (AL) were investigated
separately [10, 11]. The co-relationships in the BL
between the amounts of surfactant proteins and those of
fucose, which is thought to be one of the markers of
submucosal secretion were also analysed.
Materials and methods
Subjects
Surfactant analysis was performed on aliquots of
alveolar lavage material obtained from patients who
underwent fibreoptic bronchoscopy for various diagnostic
indications. The results for ten patients (the ages ranged
21±64 yrs; median age, 42 yrs) with an established diagnosis of bronchial asthma, (seven patients, atopic; three
patients, nonatopic) were compared with those from 11
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Alveolar lavage technique
Bronchoscopy was performed in the awake, spontaneously breathing state with topical xylocaine anaesthesia.
After the bronchoscope was wedged into the right middle
lobe, 50 mL sterile saline (378C) was instilled through
the scope, followed by gentle suction to recover lavage
material. This procedure was repeated three times, and
each recovered lavage volume was recorded.
Surfactant analysis
Aliquots of BL and AL were analysed separately.
Alveolar washes were used for the determination of
phospholipid concentrations according to the method of
BARTLETT [12]. The latter assay is based on phosphorus
determination carried out on the lipid, previously extracted with chloroform/methanol according to BLIGH
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Data were expressed as meanSEM. The Mann-Whitney
U test was applied to the data analyses for assessing the
differences between control subjects and patients with
asthma. SP-A concentrations in BL were regressed linearly
against fucose concentrations by the least squares method.
Significance was accepted at p<0.05.
Results
Bronchoscopy with BAL was performed successfully
and was well tolerated in all subjects. There was no
difference between the total recovery rate for asthmatics
(59.12.9%) and control subjects (56.91.8%). The recovery rates of the BL were also similar for both groups
(38.84.7% in asthmatics and 36.73.0% in controls).
The concentrations of SP-A, SP-D and total phospholipid, SAT-PC in BL from each sample were plotted as
shown in figure 1. The mean value of the SP-A concentration in asthmatics (9.31.0 mg.mL-1) was significantly higher than that in controls (6.40.7 mg.mL-1,
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and DYER [13]. To determine the saturated phosphatidylcholine (SAT-PC) pool size, aliquots of alveolar
washes were extracted by the BLIGH and DYER [13]
method and treated with osmium tetroxide [14], and the
quantity of SAT-PC was recovered from alumina columns
measured by the phosphorus assay [12]. Monoclonal
antibodies were prepared against human SP-A, and
enzyme-linked immunosorbent assay (ELISA) for its
determination was performed with solid-phase monoclonal antibody PC6 and HRP-conjugated monoclonal
antibody PE10 as described previously [15]. This assay
system was able to detect SP-A at 2.0±250 ng.mL-1. The
human SP-D was also measured by sandwich ELISA with
monoclonal antibody 7C6 and HRP-conjugated monoclonal antibody 6B2 as previously described [16]. This
assay made it possible to determine the concentration of
human SP-D ranging 3.13±200 ng.mL-1. The amount of
total protein was measured by the method of LOWRY et al.
[17]. The quantity of fucose in the alveolar washes was
measured by Winzler's method [18].
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patients without bronchial asthma (range, 18±72 yrs;
median age 44 yrs, seven patients with cough, four patients
with solitary nodules in chest radiographs). All of the
asthmatic subjects were in a stable condition and had no
other pulmonary disease. The classification of asthma
severity was mild in this study. At the time of enrolement,
all the asthmatic subjects had a stable pulmonary function,
with a baseline FEV1 $70% of that predicted for their age
and height.
All of the subjects were nonsmokers and had not
received oral corticosteroids or inhaled corticosteroids
within the preceding 2 months. Asthmatic subjects were
treated with b2-sympathicomimetic agents on request. All
the subjects had been free of acute respiratory tract infections within the preceding 2 months. The study
conformed to the Declaration of Helsinki; and informed
written consent was obtained from each subject. Pulmonary function tests were performed at least 7 days before
fibreoptic bronchoscopy. All patients without bronchial
asthma had normal pulmonary function tests, including
diffusing capacity before bronchoscopy. Other than the
solitary nodules present on the chest radiographs of four
patients in this group, there was no evidence of diffuse
lung parenchymal damage in any of these patients.
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Fig. 1. ± The concentrations of a) SP-A, b) SP-D, c) total phospholipid and d) saturated phosphatidylcholine (SAT-PC) in bronchial lavages (BL). Data
are presented as meanSEM. p<0.05 for (a) and was not significant for (b), (c) and (d). SP-A: surfactant protein A; BL: bronchoalveolar lavage; SPD:
surfactant protein D; SAT-PC: saturated phosphatidylcholine. Horizontal bars represent mean values.
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Fig. 2. ± The concentrations of a) surfactant protein A (SP)-A, b) surfactant protein (SP)-D, c) phospholipid and d) saturated phosphatidylcholine (SATPC) in alveolar lavages (AL). p<0.05 for (a), p<0.01 for (b) and was not significant for (c) and (d). Horizontal bars represent mean values.
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Discussion
It has been demonstrated that there is increased amounts
of SP-A in both the BL, which would be enriched with the
components in the airway, and in the AL, which would
mainly represent the components in the alveolar spaces in
patients with bronchial asthma [10]. Although the increase
in SP-D in the AL was associated with that in SP-A, SP-D
in BL was not. To the best of the authors knowledge, this
is the first study to analyse the amount of surfactant
proteins in the airways separately from those in the
alveolar spaces.
The precise mechanism for the increase in SP-A levels
but not SP-D in the BL in patients with asthma is still
unknown. It was also demonstrated that the SP-A levels in
the BL strongly correlated with those of fucose, which is
thought to be a marker of airway secretion. Mucus
hypersecretion in the airways is one of the characteristics
of the pathogenesis of bronchial asthma. In the human
lung, submucosal glands are only found in the large
cartilaginous airways and it is usually assumed that the
submucosal glands secrete most of the mucus in human
airways. The transgenic mice in which interleukin (IL)-4
was expressed in the bronchial and bronchiolar epithelial
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strongly with those of fucose in patients with bronchial
asthma (r=0.849, p<0.01 (fig. 4)).
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p<0.05, (fig. 1a)), whereas the SP-D concentration in BL
of asthmatics was similar to that in controls (0.560.04
mg.mL-1 in asthmatics, 0.450.07 mg.mL-1 in controls,
(fig. 1b)). As shown in figure 1c the total phospholipid
concentration from asthmatics (605.3 nmol.mL-1) was
not significantly different when compared to the controls
(547.6 nmol.mL-1). The mean SAT-PC concentration
in BL fluid of asthmatics (454 nmol.mL-1) and controls
(415 nmol.mL-1) was similar (fig. 1d).
The concentration of SP-A, SP-D, and total phospholipid, SAT-PC in AL from each sample is shown in
figure 2. The SP-A concentration in asthmatics was
higher than that in controls (6.10.8 mg.mL-1 versus
4.40.5 mg.mL-1, p<0.05). The SP-D concentration in
AL of asthmatics was also higher than that in controls
(0.620.04 mg.mL-1 versus 0.420.06 mg.mL-1; p<0.01).
The levels of total phospholipid and SAT-PC in AL
were similar in the two groups. Total protein in both BL
and AL was increased in the asthmatics when compared
to the control groups (data not shown).
The ratio of SP-A to SAT-PC in BL was also higher in
asthmatics than in controls (p<0.05, fig. 3a). The ratios of
SP-A and SP-D to SAT-PC in AL of asthmatics was
higher than that in controls (p<0.05, fig 3b, c).
The correlation between the levels of SP-A, SP-D and
those of fucose in BL recovered from patients with asthma
was also analysed. Only the level of SP-A correlated
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Fig. 3. ± The ratios of surfactant protein A (SP)-A, surfactant protein (SP)-D, to saturated phosphatidylcholine (SAT-PC) in bronchial lavages (BL) (a)
and (b) respectively, and alveolar lavages (AL) (c) and (d) respectively. p<0.05 for (a), (c) and (d) and was not significant for (b).
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Fig. 4. ± Correlation between the levels of surfactant protein (SP)-A,
surfactant protein (SP)-D and fucose in bronchial lavages (BL) recovered from patients with asthma. The levels of SP-A closely correlated
with those of fucose in patients with bronchial asthma (r=0.849, p<0.01).

cells also showed increased concentrations of SP-A and
SP-B in lung homogenates and BAL fluid [19]. If all the
findings are considered together, the increase in SP-A,
which was correlated with that of fucose, may reflect the
selective secretion of SP-A in the submucosal glands by
allergic inflammation. Further studies will be needed to
clarify how SP-A and mRNA levels of SP-A would be
regulated in the airway submucosal glands. The observations in this study also suggested that SP-A and SP-D
might be regulated in a different manner in the airways
from that in the alveoli.
Several recent studies have shown that SP-A and SP-D
have the capacity to modify the secretion and production of
cytokines, and proliferation in various inflammatory cells
[19, 20]. WANG et al. [21] reported that SP-A and SP-D
were able to suppress allergen-induced lymphocyte proliferation and histamine release in children with asthma
in a stable condition. Suppressive effects of SP-A on
ionomycin-induced interleukin (IL)-8 production and
release by eosinophils was also found in an earlier study
of the authors [22]. Increased levels of SP-A in the
airways and in asthmatics could reflect the anti-allergic
inflammatory mechanisms in the pathogenesis of asthma.
Furthermore, SP-A is known to play an important role in
the host defence with alveolar macrophage interaction
and to enhance the phagocytosis of a number of microbial
species, including bacteria and viruses [5, 6]. It can be
speculated that the increased SP-A levels in the airways
play a role both in suppressing an allergic inflammation
and in the host defence of airways.
High levels of SP-A and SP-D in the AL were also
found. MCINTOSH et al. [23] reported that SP-A and SP-D
levels in the BAL fluid and the mRNAs of SP-A and SPD in the lung tissues were increased by intratracheal
lipopolysaccharide (LPS) instillation in rats. KRAFT et al.
[24] recently studied chronic asthma patients with/
without nocturnal asthma by comparing proximal airway
endobronchial tissue with distal alveolar tissue, they
found that eosinophils and macrophages accumulated to a
greater extent in the alveolar tissue, and these changes
contributed more to the variation in lung function than
inflammation in the more proximal tissue. Recent autopsy
studies also [25] suggest that the pathological changes

seen in asthma occur in the alveolar area as well as in the
airways. The altered surfactant composition in the AL
might also result from the inflammation in type II cells.
The involvement of alveolar inflammation in the pathogenesis of bronchial asthma could be studied from the
view of the surfactant alteration.
VAN DE GRAAF et al. [26] previously reported that SP-A
in BAL fluids was decreased in patients with bronchial
asthma. The subjects in their study were chronic and
stable asthmatics, which were similar to those in the
present study. The treatments for bronchial asthma were
also similar. It would be hard to explain this discrepancy
by the difference between ethnic groups. The only
difference in their study was the technique employed
for bronchoalveolar lavage. They performed BAL with
seven 20 mL aliquots of saline, whereas three consecutive lavages with 50 mL saline were used in the present
study. They did not analyse the first two aliquots, which
the present study used as BL for the SP-A analysis. The
authors found higher levels of SP-A in the AL in the
present study. HOCKEY et al. [27] also reported in an
abstract that the mean ratio of SP-A to total phospholipid
in BAL and sputum samples was much greater in
asthmatic subjects than in controls and there was a
tendency for SP-D to be high. These data were also
comparable with this study.
The concentration of SP-A or SP-D did not correlate
with pulmonary functions in asthmatics, including VC%,
FEV1%, V50 and V25 (data not shown). One explanation
would be the fact that SP-A and SP-D are not critical for
maintaining the surface properties. Even the decreased
ratios of SAT-PC to total proteins in BL and AL did not
reflect the pulmonary functions. Another possible explanation is that the condition of the study subjects was too
mild and stable to show an association between surfactant
function and pulmonary functions.
To conclude, increased amounts of surfactant protein A
in the bronchial lavages and alveolar lavages were found.
A high concentration of surfactant protein D was also
found in the alveolar lavages. The high levels of surfactant
protein A in the bronchial lavage fluids correlated with
those of fucose, which is one of the markers of airway
secretion. The observations suggested that surfactant protein A may be secreted from the airways in a different
manner from the alveoli, and the surfactant protein A
secretion might be stimulated by allergic inflammation.
The increased levels of surfactant proteins A and D may
play a protective role in both host defense and in an allergic
inflammation in the pathogenesis of bronchial asthma.
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