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ABSTRACT: Previous studies have shown that surfactant apoprotein A (SP-A) and
natural or synthetic surfactant can modulate the release of pro-inflammatory cytokines
from alveolar mononuclear phagocytes.
The aim of this study was to assess whether SP-A or Surfactant (Surf) from patients

with pulmonary alveolar proteinosis (PAP) can affect the release of two chemokines
(interleukin (IL)-8 and monocyte chemtactic peptide (MCP)-1) from human monocytes
and rat lung type-II cells. In addition IL-8 and MCP-1 levels were assessed in the
brochoalveolar lavage fluid (BALF) of seven patients with PAP and compared with
those in a group of control subjects (n=5).
SP-A, tested over a wide range of concentrations, significantly increased IL-8 and

MCP-1 release from monocytes. SP-A retained its activity after collagenase digestion,
but was not active after heat treatment. The release of IL-8 by monocytes was also
stimulated by Surf. Finally, median BALF IL-8 and MCP-1 levels in PAP patients
were significantly higher than in controls (9.50 and 9.51 pg?mL-1 in controls versus
151.95 and 563.70 pg?mL-1 in PAP, respectively) and significantly correlated with
SP-A concentrations in BALF.
Overall the results of this study support the view that the high content of alveolar

surfactant apoprotein A may contribute to the upregulation of chemokine release in
pulmonary alveolar proteinosis, thus contributing to airway inflammation.
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Pulmonary surfactant is a complex mixture of
phospholipids and proteins whose main function is
to lower surface tension at the air-liquid interface in
the lungs and thus protect the alveoli from collapse
at the end of expiration. The major surfactant-
associated protein is surfactant apoprotein A (SP-
A), a member of the C-type lectin family which also
includes SP-D. These proteins share a collagen-like
domain and a domain which binds carbohydrates in a
calcium-dependent manner (CRD) [1, 2]. Several func-
tions have been attributed to SP-A, including the
modulation of defence against pathogens [3, 4]. In
fact, SP-A enhances attachment [5–7], chemotaxis,
phagocytosis, and oxygen-dependent killing [8–14]
of specific respiratory pathogens in monocytes and
alveolar macrophages. In addition, SP-A stimulates
the production of many pro-inflammatory cytokines
by human type-II cells or monocytes [15, 16] and the
release of tumour necrosis factor (TNF)-a, interleukin
(IL)-1b, IL-6 and IL-8 by the monocytic THP-1 cell
line [17]. The effect of SP-A on TNF-a release was
inhibited by surfactant lipids, suggesting that in

physiological conditions the effect of SP-A might be
counteracted by other surfactant components. Among
pro-inflammatory cytokines, great interest has been
given to chemokines, a family of proteins whose main
biological function is the selective control of the
migration of certain leukocyte subpopulations to sites
of inflammation. Two chemokines, IL-8 and mono-
cyte chemotactic peptide (MCP)-1 have been shown to
play a role in several pathological lung conditions,
including infections and fibrotic lung diseases [18, 19].
Major cellular sources of IL-8 and MCP-1 in the lung
are macrophages and type-II cells [20].

In this paper the effect of SP-A or unfractionated
surfactant on IL-8 and MCP-1 release from human
monocytes and rat lung type-II epithelial cells
was studied. Having found that SP-A stimulates
IL-8 and MCP-1 release, their concentrations in the
bronchoalveolar lavage fluid (BALF) of patients
affected by pulmonary alveolar proteinosis (PAP), a
condition characterized by an excess of surfactant
components (especially SP-A) in the airways, was
measured.
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Methods

Bronchoalveolar lavage

Bronchoalveolar lavage (BAL) was collected from
seven patients with idiopathic PAP and from five
volunteers without lung disease. The seven PAP
patients belonged to a cohort of 12 subjects enrolled
in the whole lung-lavage programme of the Policlinico
San Matteo, Pavia [21]. The diagnosis of idiopathic
PAP was made from lung biopsy, SP-A measure-
ment in bronchoalveolar lavage fluid (BALF), high-
resolution computed tomography scans and exclusion
of underlying conditions. The seven PAP patients (five
males and two females) were aged 27–56 yrs (mean
age 43). The five unaffected volunteers (three males
and two females) aged 22–51 yrs (mean 39 yrs), had
BAL because of haemoptysis or cough of unknown
origin. All participants had given their informed
consent to the study, which was approved by the
ethical board of the Istituto di Ricovero e Cura
a Carattere Scientifico, San Matteo, Pavia. Fibreoptic
bronchoscopy was carried out as described previously
[22]. BAL cells were counted and used for cytospin
preparations. BALF was used for nephelometric
albumin determination (Beckman, Brea, CA, USA),
concentrated by ultrafiltration (Centriplus-3; Amicon
Inc., Beverly, MA, USA) and stored at -80uC.

Isolation of human surfactant and human surfactant
apoprotein A

Human surfactant (Surf) was purified from BALF
obtained from patients with PAP [23]. The BALF was
centrifuged at 85,0006g for 45 min, the pellet was
suspended in 5 mM N-2-hydroxyethylpiperazine-N-2-
ethanesulfonic (HEPES), 1 mM CaCl2, 2 M sucrose,
pH 7.4 and centrifuged at 100,0006g for 16 h in a SW
28 rotor. Floating materials were suspended in 5 mM
HEPES, 145 mM NaCl, 1 mM CaCl2, pH 7.4, sedi-
mented at 85,0006g for 30 min and the pellet was
suspended in distilled water and stored at -80uC.

SP-A was isolated by butanol extraction of BALF
from patients with PAP as described [24]. The purity
of isolated SP-A was confirmed by two-dimensional
gel electrophoresis and silver staining or by auto-
radiography after labelling with 125 iodine [25]. SP-A
was dissolved in 5 mM tris(hydroxymethyl)amino-
methane pH 7.4 at 1 mg?mL-1 and stored at -80uC.

In some experiments, heat treated SP-A (boiled for
15 min) or reduced and alkylated SP-A (ALSP-A)
were used. For ALSP-A, SP-A was incubated with
0.1 M dithiothreitol for 1 h at 37uC, then 0.1 M of
iodoacetamide was added and the incubation con-
tinued for 1 h at room temperature in the dark, before
extensive dialysis against 5 mM Tris, pH 7.4.

In other experiments, collagenase-resistant frag-
ments (CRF) of SP-A were prepared as described
previously [26]. Briefly, 0.5 mg SP-A in 50 mM Tris,
2 mM CaCl2, pH 7.4, were incubated for 24 h at 37uC
in the presence of 250 units of collagenase type-III
from Clostridium histolyticum (Calbiochem, San Diego,
CA, USA). Then, the buffer composition of digested

SP-A was changed to binding buffer (BB: 5 mM Tris,
100 mM NaCl, 25 mM CaCl2, pH 7.4) by buffer
exchange on a 10 DG column (Bio Rad, Hercules,
CA, USA). Digested SP-A was then applied to a
2 mL mannose-sepharose 4B column pre-equilibrated
with BB, and unbound materials were washed away
with 10 volumes of BB. Digested SP-A was eluted
with 5 volumes of 5 mM Tris, 100 mM NaCl, 2 mM
ethylenediamine tetraacetic acid, pH 7.4.

SP-A concentration was measured by antigen inhi-
bition enzyme-linked immunosorbent assay (ELISA)
[27] and was always expressed as mg?mL-1. The
calculated lipid/SP-A ratio of purified human surfac-
tant was 1:179.

All preparations of Surf or SP-A were tested for
endotoxin contamination by the Limulus amebocyte
lysate assay (Limusate, Haemachem Inc, St. Louis,
MO, USA). Some experiments were also carried out
with endotoxin free SP-A (ef-SP-A) which was purified
with polymyxin B-agarose and octyl-glucopyranoside
(Sigma Cheminal Co, St Louis, MO, USA) as
described previously [28].

All concentrated Surf and SP-A preparations were
also assessed for the content of IL-8, MCP-1, TNF-a
and interferon (IFN)-c. The latter two factors are
known to upregulate chemokine release by mono-
nuclear cells. Cytokine levels were always below the
detection limits of the commercial assays. In some
experiments SP-A preparations were pretreated with
2 M a-methy-D-mannopyranoside (Aldrich Chemie,
Steinheim, Germany) for 30 min at room tempera-
ture, dialysed in water and used for monocyte
stimulation.

Monocyte culture

Human peripheral mononuclear cells (MNC) were
isolated from buffy coats of blood donors by density
gradient centrifugation in Ficoll-Hypaque (Pharmacia,
Uppsala, Sweden): 4506g for 20 min at 20uC. MNC
were washed twice, suspended in Roswell Park
Memorial Institute (RPMI) medium (Sigma Chemical
Co), counted and adhered for 2 h at 37uC in an
atmosphere of 5% carbon dioxide (CO2). Nonadhe-
rent cells were then cultured in RPMI medium (with
the addition of antibiotics (Sigma Chemical Co)
and 2 mM glutamine)¡the different stimuli. Collected
cell-free supernatants were stored at -80uC.

Pulmonary rat type-II alveolar epithelial cells
isolation and culture

Freshly isolated rat type-II alveolar epithelial cells
were obtained as described previously [29]. Type-II
cells were seeded at 36106 cells?mL-1 in 24-well dishes
and cultured for 72 h with or without ef-SP-A.

Myeloperoxidase release assay

A biological assay of myeloperoxidase release from
human neutrophil [30] was used to determine the
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activity of different stimuli. These included recombinant
rat cytokine induced neutrophil chemoattractant-1
(CINC-1) (R&D Systems, Minneapolis, MN, USA),
formyl-methionyl-leucyl-peptide (FMLP), IL-8 and
the supernatants from cultured rat type-II cells. The
assay was performed on cytochalasin-B pretreated
human neutrophils and the release of myeloperoxidase
obtained after stimulation with type-II cell culture
supernatants was compared with that obtained with
CINC-1 and IL-8. In addition, CINC-1 or type-II
supernatants were also preincubated for 60 min at
room temperature with 20 mg?mL-1 of blocking anti
rat-CINC-1 polyclonal antibodies (R&D Systems).

Interleukin-8, monocyte chemotactic peptide-1, tumour
necrosis factor-a and interferon-c determinations

Concentrations of human IL-8, human MCP-1 and
human TNF-a were quantified by an ELISA kit
(R&D Systems), while human IFN-c and rat MCP-1
were assessed by a kit purchased from Endogen
(Wolburn, MA, USA). Assays were done in duplicate
and results are expressed as means¡SD.

Statistical analysis

Results are expressed as means¡SD of 5–9 sepa-
rate experiments. Given the non-normal distribu-
tion of variables, nonparametric tests were applied
(Wilcoxon9s signed-rank test, Mann-Whitney U-test,
or Spearman9s rank correlation coefficient). The level
of significance accepted was 5%.

Results

Effect of purified human surfactant apoprotein A on
interleukin-8 and monocyte chemotactic peptide-1
release from human monocytes and rat type-II lung
cells

The effect of SP-A on IL-8 and MCP-1 release from
human monocytes after a 24-h stimulation is shown in
figure 1. SP-A upregulated IL-8 release from mono-
cytes (fig. 1a). The lowest concentration inducing a
significant effect was 1 mg?mL-1 and the highest was
10 mg?mL-1. The effect of SP-A stimulatory activity on
IL-8 was due to de novo synthesis of the chemokine,
since the addition of 2 mM cycloheximide to SP-A
in the cultures abolished IL-8 release by monocytes
(data not shown). MCP-1 release from monocytes
was also affected by SP-A but significant activity
was evident only at 10 mg?mL-1 (fig. 1b). The stimu-
latory activity of SP-A was not due to lipopoly-
saccharide (LPS) contamination of the preparation.
For all SP-A and surfactant preparations, LPS
levels werev0.001 ng?mg-1 of SP-A. In addition, no
decrease of SP-A activity was detected in the presence
of 1 mg?mL-1 polymyxin B. Ef-SP-A retained a stimu-
latory activity on IL-8 comparable to that of SP-A
purified only by butanol extraction (table 1).

Since type-II cells are another important cellular

source of chemokines in the lungs, the effect of ef-SP-
A on freshly isolated rat lung type-II cells was tested,
determining biologically, by means of the myeloper-
oxidase release assay, the release of rat CINC-1 (the
rat counterpart of human IL-8) and assessing the
release of rat MCP-1 by ELISA. Rat type-II cells
produced a neutrophil stimulatory activity even in
basal conditions but this production was significantly
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Fig. 1. – a) Interleukin (IL)-8 and b) monocyte chemotactic peptide
(MCP)-1 release from human peripheral monocytes cultured
(24 h) with different concentrations of purified human surfactant
apoprotein (SP)-A. Lipopolysaccharide (LPS) was used as a
positive stimulus. Data are presented as mean¡SD. *: pv0.05 with
respect to control cells.

Table 1. – Interleukin (IL)-8 release from human peripheral
monocytes stimulated either with lipopolysaccharide (LPS)
or purified human surfactant protein-A (SP-A) in the
presence or absence of polymyxin B (1 mg?mL-1) or with
endotoxin-free-surfactant associated protein-A (ef-SP-A)

Stimulus IL-8 ng?mL-1

None 1.95¡0.07
Polymyxin B 2.05¡0.19
LPS 0.1 mg?mL-1 4.03¡1.16
LPS 0.1 mg?mL-1zpolymyxin B 2.15¡0.62
SP-A 1 mg?mL-1 2.71¡1.21*
SP-A 1 mg?mL-1zpolymyxin B 2.86¡0.12*
SP-A 5 mg?mL-1 3.58¡0.68*
SP-A 5 mg?mL-1zpolymyxin B 3.59¡0.22*
ef-SP-A 1 mg?mL-1 3.55¡0.66*
ef-SP-A 5 mg?mL-1 4.11¡0.31*

Data are presented as mean¡SD. *: pv0.05 with respect to
control cells.
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(32%) increased upon SP-A treatment (fig. 2). Anti
CINC-1 neutralizing antibody did not completely
abolish this effect. MCP-1 release by rat type-II cells
was also affected by SP-A (fig. 3): ef-SP-A was active
at 5 and 10 mg?mL-1 producing an increase of 68% and
73%, respectively over basal levels.

Effect of modified surfactant apoprotein A on the
release of interleukin-8 from human monocytes

In an attempt to clarify the mechanism by which
SP-A induces IL-8 release, its activity under several
experimental conditions was assessed: boiled SP-A,
SP-A pretreated with a-MMP, CRF and ALSP-A
(fig. 4). Heat treatment of SP-A completely abolished

its activity on IL-8 release, while pretreatment with
a-MMP or ALSP-A of SP-A produced a slight but not
significant decrease of its effect. The effect of CRF
was higher than that of SP-A alone when used at the
same concentration. However, since the molecular
weight of the CRF may be as much as one-third than
that of native SP-A, a given weight of CRF contains
more molecules than native SP-A.

Effect of unfractionated human surfactant on
interleukin-8 and monocyte chemotactic peptide-1
release from human monocytes

In order to assess whether SP-A stimulatory activity
is influenced by the presence of surfactant lipids the
activity of Surf on monocytes was also tested. As
shown in figure 5, unfractionated surfactant obtained
from PAP patients (Surf), which contains surfactant
lipids and surfactant associated proteins, displayed
a stimulatory effect on IL-8 release analogous to that
produced by equivalent concentrations of purified
SP-A alone (fig. 1a). The effect of Surf was com-
pared with the effect of Curosurf (Chiesi Pharmaceu-
ticals, Parma, Italy) and Exosurf (GlaxoSmithKline,
Uxbridge, UK). Exosurf did not affect IL-8 release by
monocytes while Curosurf slightly but not signifi-
cantly stimulated IL-8 release. Moreover, Exosurf did
not influence IL-8 release by SP-A treated monocytes.
In respect to MCP-1 release, the activity of Surf was
evident only at very high doses corresponding to
4.47 pg?mL-1 phospholipids. Exosurf and Curosurf did
not show any significant activity.

Levels of interleukin-8 and monocyte chemotactic
peptide-1 in bronchoalveolar lavage fluid from patients
with pulmonary alveolar proteinosis

After establishing the effect of SP-A and Surf on
IL-8 and MCP-1 release from monocytes and type-II
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Fig. 2. –Myeloperoxidase release assay of cytochalasin-B treated
human neutrophils with formyl-methionyl-leucyl-peptide (FMLP),
recombinant human interleukin (IL)-8 and recombinant rat
cytokine induced neutrophil chemoattractant (CINC)-1 as positive
stimuli. Rat type-II cell supernantants cultured for 72 h in the
absence (type-II control) or presence of endotoxin free surfactant
apoprotein A (ef-SP-A). CINC-1 and rat type-II cell supernatants
pre-incubated with anti-CINC-1 neutralizing antibody (p). OD:
optical density. Data are presented as mean¡SD of three separate
experiments. *: pv0.05 with respect to type-II control cells.
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Fig. 3. –Release of rat monocyte chemotactic peptide (MCP)-1 by
freshly isolated rat type-II cells in the presence or absence of
different concentrations of endotoxin-free surfactant apoprotein A
(ef-SP-A). Data are presented as mean¡SD. *: pv0.05 with respect
to control cells.
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Fig. 4. – Interleukin (IL)-8 release from human peripheral monocytes
after simulation with purified human surfactant apoprotein A (SP-
A), boiled SP-A, SP-A pretreated with a-methyl-D-mannopyranoside
(a-MMP SP-A), collagenase-resistant fragment (CRF) of SP-A
and alkylated SP-A (ALSP-A) (all 1 mg?mL-1). Data are presented
a mean¡SD of three separate experiments. *: pv0.05 with respect
to control cells.
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cells, the authors questioned whether a condition
characterized by high concentrations of SP-A in
the alveoli is associated with increased production of
IL-8 and MCP-1. IL-8 and MCP-1 BALF levels
were assessed in a group of PAP patients (n=7) and a
group of controls (n=5). The number of BAL macro-
phages?mL-1, and the number and percentages of
BAL, lymphocytes and neutrophils were significantly
higher among PAP patients than among unaffected
subjects (table 2). Moreover, median IL-8 and MCP-1
levels in PAP patients were significantly higher than
in controls. In addition, a significant correlation
(Spearman rank correlation coefficient, pv0.05) was
found between IL-8 and MCP-1 and SP-A content in
BAL.

Discussion

Macrophages and macrophage-derived chemokines
are crucial for the initiation of inflammation in the
lung by the recruitment and activation of specific cell
subsets [31, 32]. Recent reports focused on immuno-
regulatory functions of SP-A, mostly directed towards
monocytes and macrophages [5–17]. SP-A can stimu-
late macrophage antibacterial functions, in particular
phagocytosis of several bacteria [8–11,14] including
Mycobacterium tuberculosis [6]. Concerning phago-
cytosis of M. tuberculosis, maximal SP-A activity on
human monocytes is exerted at 5 mg?mL-1 (data not
shown), i.e. at a concentration analogous to what was
observed to be active on chemokine release.

SP-A activity on pro-inflammatory cytokine release
is still controversial. SP-A has been shown to inhibit
production of pro-inflammatory cytokines in res-
ponse to LPS and to Candida albicans in peripheral
mononuclear cells and alveolar macrophages respec-
tively [33, 34]. In contrast, other studies showed that
SP-A upregulates the production of TNF-a, IFN-c,
IL-1b, IL-6 and IL-8 by THP-1 cell line [16, 17]
and that the addition of bovine surfactant lipids
(Survanta) could inhibit SP-A activity on TNF-a
but not on IL-8 release. The results of this study
confirmed and extended these latter observations.
First of all, it was found that SP-A significantly
but differently stimulated the production of IL-8 and
MCP-1 by two important lung cellular sources:
monocytes and type-II cells. Moreover, SP-A activity
on IL-8 was not counteracted by surfactant lipids,
since surfactant was still able to stimulate IL-8 release
by monocytes. In addition Curosurf and Exosurf did
not significantly affect IL-8 release when assessed as
single agents or when added to SP-A.

The molecular mechanisms of SP-A activity on
monocytes have been studied by SCHAGAT et al. [35]
who showed that SP-A stimulates a rapid tyrosine
phosphorylation of specific macrophage proteins

Table 2. – Brochoalveolar lavage (BAL) features of controls and patients with pulmonary alveolar proteinosis (PAP)

Smoke Total
BAL cells
16106?mL-1

MA/Ly/
Ne %

Album
mg?dL-1

SP-A
mg?mL-1

PL
mg?mL-1

Total
proteins
mg?mL

SP-A:PL
ratio

IL8
pg?mL-1

MCP-1
pg?mL-1

Controls
1 No 0.14 95/3/2 1.88 1.2 2.8 212 0.429 14.02 9.51
2 No 0.29 82/15/3 7.2 0.70 63 230 0.011 17.1 4.98
3 No 0.18 91/7/2 3.1 1.1 38 60 0.029 0 21.17
4 Yes 0.31 91/6/3 2.6 1.8 34 102 0.053 9.5 7.3
5 Yes 0.41 81/14/5 14.2 0.8 52 190 0.015 0.45 36.89
Median 0.29 91/7/3 3.1 1.1 38 190 0.03 9.5 9.5

PAP patients
1 No 0.800 34/44/22 12.1 53.1 37.8 343 1.40 12.54 309.18
2 No 0.524 62/13/25 173.0 99 370 4200 0.268 179.0 583.75
3 No 0.759 72/25/2 17.9 380 537 3070 0.708 123.0 ND
4 No 0.323 65/19/16 5.9 680 1200 6660 0.567 152.5 14.06
5 No 0.687 53/29/18 77.6 78.4 ND 383 ND 347.27 543.6
6 No 0.320 46/26/28 52.7 64 48.2 2405 1.32 68.73 3435.2
7 No 0.130 68/24/8 186 81 521.9 8500 0.15 151.95 954
Median 0.524 62/25/18* 52.7* 81* 445.95* 3070* 0.64* 151.95* 563.7*

MA: macrophages; Ly: lymphocytes; Ne: neutrophils; SP-A: surfactant protein A; PL: phospholipids; IL8: interleukin-8;
MCP-1: monocyte chemotactic peptide-1. *: p¡0.05 between PAP (n=7) and control patients (n=5).
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Fig. 5. – Interleukin (IL)-8 release from human peripheral mono-
cytes cultured in the presence of different concentrations of
unfractionated human surfactant (&), Curosurf (p), Exosurf (h)
and surfactant apoprotein AzExosurf (q) obtained from pulmo-
nary alveolar proteinosis patients. Data are presented as
mean¡SD of three separate experiments. *: pv0.05 with respect to
control cells.
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(similar to what has been observed for IgG) and that
maximal activity, consisting of tyrosine phosphoryla-
tion, protein kinase C activation and actin polymer-
ization, is reached at concentrations ranging from
1–5 mg?mL-1. Moreover, KOPTIDES et al. [36] found
that SP-A can induce nuclear factor (NF)-kB activa-
tion in THP-1 cells. The activation of these intra-
cellular pathways is also a crucial event for the
production of chemokines, including IL-8, by stimu-
lated monocytes [37, 38, 39]. It is possible to speculate
that the different stimulatory activities exerted by
SP-A on monocytes and macrophages share common
molecular pathways.

SP-A can bind directly to lipid A and to carbo-
hydrate components of LPS and recent studies have
stressed the importance of monitoring SP-A prepara-
tions for LPS contamination [28, 40]. A great effort
was made to exclude the possibility that the effect
of SP-A and Surf could be due to LPS contamination.
In particular, the effect of an ef-SP-A preparation
on IL-8 was tested and stimulatory activity was still
detected. These data are in accordance with a recent
observation by SONG et al. [41] who observed a
different mechanism of action between SP-A and LPS
with respect to the activation of THP-1 cells.

In an attempt to ascertain the mechanism by
which SP-A stimulates monocytes, some experiments
with heat treated SP-A, ALSP-A, and with CRF or
co-incubating cells with SP-Aza-MMP were per-
formed. These data suggested that the denaturated
protein is not effective but the monomeric form of
SP-A (ALSP-A), obtained by the alkylation of
disulphide bridges, retains some stimulatory effect
on IL-8. This result is in agreement with a previous
observation [12] which provided evidence that neither
alkylation nor reduction of SP-A affected its ability to
enhance chemotaxis of macrophages. Some authors
have suggested that the collagen-like domain of SP-A
could be responsible for macrophage stimulation
[42–44] by interacting with a specific 210-kDa receptor
expressed on monocytes and lymphocytes. This
hypothesis is still controversial, since SP-A has also
been shown to interact with leukocytes via mannose-
dependent binding to cell surface carbohydrates
[45–47]. The results of this study seem to confirm
this observation, since SP-A digestion by collagenase
does not impair its activity on IL-8. As a consequence,
the collagen tail of SP-A may not be necessary for
this action. Conversely, the observation made here
that a-MMP is able to only partially (but not
significantly) reverse SP-A effect does not provide
definitive proof that the CRF domain is involved in
monocyte activation.

Finally, the authors also tested whether these in vitro
data could be of any relevance in vivo. Therefore,
IL-8 and MCP-1 levels in BALF of controls and
PAP patients were assessed. The results of this study,
although obtained from a limited number of patients,
seem to support the in vitro observations, since among
PAP patients levels of IL-8 and MCP-1 in BALF
were significantly higher than among controls. This
observation has been recently confirmed in a study
by IYONAGA et al. [48] who detected higher BALF
MCP-1 levels in PAP patients than in controls. It can

therefore be inferred that SP-A induced modulation
of chemokine levels in the airways may contribute
to the recruitment of certain subclasses of effector
inflammatory cells. This is consistent with an increase
in the count of macrophages, neutrophils and lympho-
cytes in the BAL of PAP patients with respect to con-
trols, a finding that is shared with other authors [49].

To conclude, evidence was found that surfactant
apoprotein A can differently upregulate chemokine
release from human monocytes and rat type-II cells.
In addition, the in vitro results of this study are
consistent with the high levels of interleukin-8 and
monocyte chemotactic peptide-1 and the higher
counts of neutrophils and lymphocytes that were
found in the brochcoalveolar lavage of pulmonary
alveolar proteinosis patients, thus suggesting that
surfactant apoprotein A could contribute to the
recruitment of inflammatory cells within the air
spaces in this condition.
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