
Surfactant Modulates Intracellular Signaling of
the Adhesion Receptor L-Selectin

BIRGIT BRENNER, SONJA JUNGE, ALEXANDRA BIRLE, STEPHANIE KADEL, AND
OTWIN LINDERKAMP

Department of Pediatrics, Division of Neonatology, Im Neuenheimer Feld 150, 69120 Heidelberg,
Germany

Intraalveolar leukocyte accumulation is one of the hallmarks
during respiratory distress. In the intraalveolar space, leukocyte
activation is mediated by pathogens, cytokines, and different
ligands binding to adhesion molecules. Leukocyte stimulation
via the adhesion molecule L-selectin is specifically induced by
ligands expressed on leukocytes, platelets, endothelial cells, or
lipopolysaccharide. Recently, we have demonstrated that leuko-
cyte activation by L-selectin transmits several intracellular sig-
naling cascades resulting in capping and cytoskeletal changes,
the activation of kinases and neutral sphingomyelinase, the re-
cruitment of adaptor proteins to the cell membrane, the activation
of the small G-proteins Ras and Rac, and the release of oxygen.
In the present study, we examined the effects of surfactant on
L-selectin-induced signal transduction in leukocytes. Using flu-
orescence microscopy, we provide evidence that preincubation of
leukocytes with surfactant significantly inhibits receptor capping;
2867% of cells show capping after L-selectin stimulation versus

865% and 361% of cells after preincubation with Exosurf and
Curosurf, respectively (p , 0.05). The activity of the neutral
sphingomyelinase in cell lysates is also modulated by surfactant.
In addition, we show that the activation of the tyrosine kinase
p56lck is diminished by approximately 50% after surfactant
treatment. This results in inhibition in tyrosine phosphorylation
of certain intracellular proteins. The interaction of the L-selectin
molecule with its antibody was not influenced by surfactant as
shown by flow cytometry. Surfactant inhibits intracellular sig-
naling events of the L-selectin receptor in leukocytes and might
therefore contribute to the modulatory effects of surfactant on
immune function. (Pediatr Res 48: 283–288, 2000)

Abbreviations
CLD, chronic lung disease
LPS, lipopolysaccharide
RDS, neonatal respiratory distress syndrome

Leukocyte trafficking and extravasation of leukocytes into
the intraalveolar space is a common feature in pneumonia,
pulmonary failure, and RDS of the premature infant (1, 2). This
key event in the immune response to pathogens or inflamma-
tory stimuli is mediated mainly by chemokines and adhesion
molecules (3). Initially, leukocytes roll on endothelial cells
before they firmly adhere and finally extravasate in the sur-
rounding tissue. Rolling and tethering of leukocytes on endo-
thelial cells are transient interactions mediated by selectin
molecules, and sticking and transmigration depends on inte-
grins and Ig-like receptors.

In the course of respiratory distress syndrome, activated
intraalveolar leukocytes secrete chemokines, enzymes like
elastase, and oxygen radicals in response to inflammatory
stimuli (4, 5). Excessive leukocyte accumulation and activation
results in tissue destruction and exacerbation of the inflamma-
tory cascade (6). The development of CLD in preterm infants

seems to be partly caused by neutrophil and lymphocyte
activation (7, 8).

Recently, we and others have demonstrated that leukocytes
get activated via the adhesion molecule L-selectin by the
induction of intracellular signaling events (9–11). L-selectin is
constitutively expressed on all leukocytes with a calcium-
dependent lectin domain for ligand recognition and a short
intracellular tail. Carbohydrate ligands on leukocytes, platelets,
and endothelial cells and LPS interact specifically with the
L-selectin receptor, thereby inducing intracellular signaling
cascades. Stimulation of the L-selectin molecule activates the
tyrosine kinase p56lck and the Ras signaling pathway (11).
L-selectin triggering results in a release of oxygen radicals,
cytoskeletal changes, and activation of stress-activated protein
kinases (12, 13) (Fig. 1). In addition, there is an increase in
synthesis of mRNA for tumor necrosis factor-a and IL-8 (11),
important chemokines in the pathogenesis of respiratory dis-
tress syndrome causing tissue destruction, and thereby promot-
ing the development of CLD (4, 14).

L-selectin triggering goes along with shedding of this recep-
tor, i.e. proteolytic cleavage of the extracellular part (15).
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Increased level of soluble L-selectin in the intraalveolar space
of preterm infants suffering from acute respiratory distress
syndrome therefore reflects an L-selectin-mediated activation
of leukocytes (16).

Pulmonary surfactant lowers the surface tension in alveoli,
and the replacement in RDS means a causative therapy. How-
ever, there is growing evidence that surfactant suppresses
immune functions induced during lung injury (17). The poten-
tial effects of surfactant on intracellular signal transduction
events of adhesion molecules in leukocytes have not been
studied until now. Here we provide experimental evidence for
an immunomodulatory role of surfactant in L-selectin-induced
signaling.

METHODS

Cell culture and stimulation. All reagents were purchased
from Sigma Chemical Company (Deisenhofen, Germany), if
not otherwise cited. The human leukemic T cell line Jurkat
(American Type Culture Collection, Rockville, MD, U.S.A.)
was grown in RPMI 1640 medium supplemented with 10%
FCS, 10 mM HEPES (pH 7.4), 2 mM L-glutamine, 1 mM
sodium pyruvate, 100 mM nonessential amino acids, 100
U/mL penicillin, 100 mg/mL streptomycin (all purchased from
GIBCO BRL, Karlsruhe, Germany), and 50 mM b-mercapto-
ethanol. We used Jurkat cells in all experiments because we
have shown previously that L-selectin triggering induces the
same signaling events in this cell line as in peripheral blood
lymphocytes or neutrophils, pointing to the biologic signifi-
cance of signaling events in Jurkat cells (11).

For activation, cells (2 3 106 or 20 3 106 per sample for
total cell lysates or immunoprecipitations, respectively) were
washed twice in sterile HEPES/saline (H/S: 132 mM NaCl, 20
mM HEPES, 5 mM KCl, 1 mM CaCl2, 0.7 mM MgCl2, 0.8
mM MgSO4) and stimulated at 37°C with 2 mg/mL NaN3-free,

low endotoxin, monoclonal anti-human L-selectin antibody
(Dreg56, Pharmingen, CA, U.S.A.) for the indicated times. The
Dreg56 antibody has been previously shown to recognize the
lectin domain of L-selectin and to stimulate leukocytes (9–11,
18, 19).

Surfactant. For studying the influence of surfactant on
L-selectin-induced signaling events, Curosurf (500 mg/mL) or
Exosurf (1 mg/mL), reflecting the amount of dipalmitoyl phos-
phatidylcholine in the preparation, were added in all experi-
ments to the cells 30 min before cell stimulation. These
concentrations were in the same range of the concentration of
synthetic surfactant (20, 21) or natural porcine surfactant (22,
23), respectively, used previously in experiments studying the
modulating effects of surfactant on immune function, e.g.
cytokine synthesis, synthesis of superoxide anions, and activa-
tion of transcription factors. Cell viability of untreated and
treated with surfactant-incubated lymphocytes at the end of the
experiment was tested by trypan blue staining.

Immunoprecipitation and immunoblotting. Cell stimula-
tion was terminated by lysis in 25 mM HEPES (pH 7.4), 0.1%
SDS, 0.5% sodium deoxycholate, 1% Triton X-100, 125 mM
NaCl, 10 mM each of NaF, Na3VO4, and sodium pyrophos-
phate, and 10 mg/mL each of aprotinin and leupeptin (RIPA-
buffer) for total cell lysates and for immunoprecipitation of the
L-selectin molecule. Cells were lysed in 3% NP-40, 25 mM
HEPES (pH 7.4), 100 mM NaCl, 10 mM each of Na3VO4,
NaF, EDTA, and sodium pyrophosphate, and aprotinin plus
leupeptin (10 mg/mL each; TN3 buffer) to determine src-kinase
activity. Anti-lck, monoclonal anti-phosphotyrosine 4G10, and
anti-Cbl antibodies were purchased from Upstate Biotechnol-
ogy, Inc. (UBI, Lake Placid, NY, U.S.A.).

After lysis, DNA and cell debris were pelleted by centrifu-
gation at 20,000 3 g for 15 min, and samples were immuno-
precipitated for 4 h at 4°C using 3 mg of each antibody. After
addition of protein A/G Plus agarose (Santa Cruz, Heidelberg,
Germany), incubation was continued for at least 60 min.
Immunocomplexes were washed six times in lysis buffer and
applied to kinase assays or resuspended in SDS sample buffer
(60 mM Tris, pH 6.8, 2.3% SDS, 10% glycerol, 5% b-mer-
captoethanol). Separation of proteins was performed by SDS/
PAGE, followed by an electrophoretic transfer to PVDF mem-
branes (BioRad, Munich, Germany). Blots were incubated
overnight at 4°C with the appropriate antibody (each diluted to
0.5 mg/mL in Tris-buffered saline, supplemented with 0.1%
Tween 20). Immunoblots were developed by incubation with
horseradish peroxidase-conjugated protein G (BioRad, Mu-
nich, Germany) and use of a chemoluminescence kit (Amer-
sham, Braunschweig, Germany).

Src-kinase assays. The src-kinase p56lck was immunopre-
cipitated using an agarose-coupled anti-p56lck-antibody (UBI).
Immunoprecipitates were incubated for 4 h at 4°C as described
above, washed four times in lysis buffer (TN3) and twice in
kinase buffer (25 mM HEPES, pH 7.0, 150 mM NaCl, 10 mM
MnCl2, 1 mM Na3VO4, 5 mM DTT, and 0.5% NP-40). The
reaction was initiated by addition of 10 mCi [32P]gATP (3000
Ci/mmol, NEN Du Pont, Bad Homburg, Germany), ATP (10
mM), and, as substrate, enolase (200 mg/mL; Sigma) in kinase
buffer to the resuspended samples. Samples were incubated at

Figure 1. Summary of intracellular signaling cascades in lymphocytes on
L-selectin triggering ((9–13, 24, 25). L-selectin triggering results in receptor
capping and the activation of two independent signaling cascades: L-selectin
stimulation leads to a p56lck-tyrosine kinase-dependent activation of the small
G proteins Ras and Rac, followed by activation of MAP-kinase and stress-
activated protein kinases (SAPK 5 JNK), actin polymerization, and synthesis
of oxygen radicals. In addition, L-selectin cross-linking activates the neutral
sphingomyelinase independent of p56lck, resulting in consumption of cellular
sphingomyelin and an increase in ceramide.
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30°C for 20 min, the reaction was stopped with 8 mL of
reducing 53 SDS sample buffer, and SDS/PAGE was per-
formed followed by autoradiography. An aliquot of the immu-
noprecipitates was separated on SDS/PAGE and blotted with
an anti-lck antibody to check for equal amounts of protein in
each lane.

Activity of neutral sphingomyelinase. For determination of
neutral sphingomyelinase activity, cells (10 3 106) were stim-
ulated with 2 mg/mL monoclonal anti-human-L-selectin anti-
body, lysed in a buffer consisting of 20 mM HEPES (pH 7.4),
5 mM DTT, 2 mM EDTA, 10 mM MgCl2, 0.1 mM Na3VO4,
10 mM b-glycerophosphate, 7.5 mM ATP, 10 mM leupeptin,
and 0.2% Triton X-100. Samples were immediately sonicated
three times for 10 s, and insoluble cell debris was pelleted by
5 min centrifugation at 600 3 g. The substrate [14C]sphingo-
myelin (0.5 mCi/sample, 54.5 mCi/mmol; NEN DuPont) was
added, samples were incubated for 90 min at 37°C and ex-
tracted with chloroform-methanol (2:1) and H2O, the upper
phase was collected, and radioactivity reflecting the degrada-
tion of [14C]sphingomyelin was determined by liquid scintil-
lation counting.

Flow cytometry. To analyze antibody-receptor interaction in
the presence and absence of two different surfactant prepara-
tions, Jurkat cells were stained with an FITC-labeled L-selectin
antibody (Dianova-Immunotech, Hamburg, Germany). Cells
were washed twice again, and typically 104 cells were analyzed
for binding of FITC-anti-L-selectin antibodies by flow cyto-
metry using a FACScan (Becton-Dickinson, Heidelberg,
Germany).

Fluorescent staining and microscopy. Cells (1 3 106 per
sample) were washed and stimulated with the Dreg56 antibody
as described above. Cell stimulation was terminated by wash-
ing the samples twice in ice-cold staining buffer (H/S, 2% FCS,
0.2% NaN3), stained at 4°C with FITC-anti-L-selectin (10
mg/mL) for 30 min. Stained and washed cells were fixed in 4%
paraformaldehyde and analyzed by fluorescence microscopy as
described previously by Junge et al. (24). In each experiment,
50–100 cells were analyzed and scored for capping. Capping
cells showed one or several intense fluorescence spots on the
cell surface, whereas in noncapping cells, fluorescence was
distributed evenly throughout the membrane. Scoring was
confirmed by two observers independently.

Statistical analyses. Results of each experimental group are
calculated as mean 6 SD of the mean. To test for statistical
significance of the differences between the experimental
groups, the Student’s t test or the Mann-Whitney U test was
used when appropriate. A p value of ,0.05 was considered
statistically significant. Experiments were repeated at least
three times if nothing other is stated.

RESULTS

Surfactant (Curosurf and Exosurf) does not influence
ligand recognition of the L-selectin molecule. Jurkat T lym-
phocytes were stained for the L-selectin molecule using the
Dreg56 L-selectin antibody and an FITC-labeled secondary
antibody. Jurkat cells stained positively for L-selectin as de-
termined by flow cytometry (Fig. 2). Likewise, preincubation

of Jurkat cells with Curosurf or Exosurf did not prevent
recognition of the L-selectin molecule by the Dreg56 antibody
(Fig. 2). Therefore, L-selectin-positive lymphocytes are able to
interact with their ligands independent of the presence of
surfactant.

Inhibition of L-selectin-induced capping of L-selectin mol-
ecules by Curosurf and Exosurf. Capping of surface mole-
cules, i.e. focal clustering of receptors, is an energy-dependent
process mediated by intracellular signaling molecules (25).
Recently, we have demonstrated that L-selectin triggering in
Jurkat cells and peripheral blood lymphocytes results in cap-
ping of L-selectin molecules with a maximum at 5 min (24).
Here we demonstrate that preincubation of T lymphocytes with
Curosurf or Exosurf resulted in a statistically significant reduc-
tion in L-selectin-induced capping (Fig. 3). Incubation of
Jurkat cells with surfactant alone did not affect the surface
distribution of L-selectin molecules (Fig. 3).

Surfactant diminishes the basal activity of the neutral
sphingomyelinase. Because L-selectin triggering activates the
neutral sphingomyelinase, resulting in consumption of cellular
sphingomyelin and an increase in ceramide (26), we tested the
influence of surfactant on the activity of the neutral sphingo-
myelinase. Incubation of Jurkat T lymphocytes with Curosurf
or Exosurf resulted in a reduction of the basal activity of the
neutral sphingomyelinase (Fig. 4, Top). However, the relative
increase in activity of the neutral sphingomyelinase on L-
selectin triggering was not affected (Fig. 4, Bottom).

L-selectin-induced activation of the src-tyrosine kinase
p56lck is inhibited by surfactant. Early signal transduction

Figure 2. Preincubation of lymphocytes with Exosurf or Curosurf does not
influence ligand recognition by the L-selectin antibody Dreg56. Lymphocytes
were stained with an FITC-conjugated L-selectin antibody and analyzed by
flow cytometry. Lymphocytes exhibit an enhanced fluorescence for L-selectin
compared with the control cells incubated with an isotype-matched control
antibody (mean fluorescence for L-selectin staining was 81 6 29 versus 3.7 6
0.3 of the control cells; n 5 8; p , 0.02). Preincubation of lymphocytes with
Curosurf or Exosurf for 30 min does not alter ligand recognition by L-selectin
compared with untreated cells (mean fluorescence of FITC-L-selectin for
Curosurf-treated cells was 71 6 46, for cells incubated with Exosurf, 104 6
25; n 5 8; p . 0.2). Incubation of cells with surfactant only does not influence
fluorescence in comparison to untreated lymphocytes (mean fluorescence for
Curosurf-treated cells was 3.8 6 0.1 and for Exosurf, 3.3 6 0.4; n 5 5; p .
0.2).
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events in lymphocytes are mediated by src-tyrosine kinases
(27). Recently, we have demonstrated that L-selectin cross-
linking results in activation of the Ras signaling pathway. This
activation was strictly dependent on the activation of the
src-tyrosine kinase p56lck as demonstrated by using a genetic
approach (11).

We therefore used an in vitro kinase assay to test whether
surfactant modulates L-selectin-induced activation of the src-
tyrosine kinase p56lck. Immunoprecipitates of the src-tyrosine
kinase p56lck of stimulated and unstimulated lymphocytes
preincubated with or without surfactant were subjected to
kinase assay conditions. Preincubation of lymphocytes with
surfactant strongly inhibited L-selectin-induced activation of
the p56lck kinase (Fig. 5).

The phosphorylation of the adaptor protein Cbl is inhibited
by surfactant. In whole-cell lysates, inhibition of phosphory-
lation of a protein with an approximate molecular weight of
120 kD was striking (data not shown). In immunoprecipitates,
we found that the adaptor protein Cbl, a protein with a molec-
ular size of 120 kD, becomes tyrosine phosphorylated on
L-selectin stimulation (manuscript in preparation). This ty-
rosine phosphorylation of the Cbl protein was abolished when
cells were preincubated with surfactant (Fig. 6). In control
experiments, surfactant was added after cell lysis, and immu-
noprecipitates were tested for tyrosine phosphorylation of the
Cbl protein. Surfactant does not abolish L-selectin-induced
tyrosine phosphorylation of the adaptor protein Cbl when
added after cell stimulation and lysis excluding interference of
surfactant with immunoprecipitation (data not shown).

DISCUSSION

The cellular fraction of bronchoalveolar specimens in
healthy humans consists predominantly of alveolar macro-
phages followed by lymphocytes (28). However, in the course
of infection or acute respiratory distress, lymphocytes and

neutrophils traffic into the intraalveolar space, coming in close
contact with surfactant. Besides their role in immune defense,
leukocytes account for tissue destruction and chronic inflam-

Figure 3. Exosurf and Curosurf inhibit L-selectin-induced capping of L-
selectin receptors. Capping of L-selectin molecules was examined by staining
with an FITC-conjugated L-selectin antibody in unstimulated and stimulated
lymphocytes analyzed by fluorescence microscopy. L-selectin triggering in-
duces capping of L-selectin molecules, whereas preincubation of lymphocytes
with Curosurf or Exosurf significantly reduces L-selectin-induced capping (t
test, p , 0.05, n 5 3).

Figure 4. Top, incubation of Jurkat lymphocytes with Curosurf or Exosurf
reduces significantly the basal activity of the neutral sphingomyelinase compared
with untreated lymphocytes. Bottom, relative increase in the activity of the neutral
sphingomyelinase on L-selectin triggering was not affected by surfactant. Cell
lysates of untreated lymphocytes, lymphocytes incubated with Curosurf or Exosurf
(Top), L-selectin-triggered lymphocytes, and L-selectin-stimulated lymphocytes
preincubated with surfactant (Bottom) were added to solubilized [14C]sphingomy-
elin. The degradation of [14C]sphingomyelin reflects activity of the neutral sphin-
gomyelinase and was determined by liquid scintillation counting.

Figure 5. Curosurf and Exosurf diminish L-selectin-induced activation of the
tyrosine kinase p56lck. Activity of the src-tyrosine kinase p56lck was mea-
sured in immunoprecipitates of the kinase incubated with the substrate enolase.
The increase in phosphorylation of the substrate reflects the increase in
activation of the p56lck tyrosine kinase. Aliquots of each sample were blotted
with an anti-p56lck antibody to check for equal amounts of protein in each
lane. Densitometric analysis of three independent src-tyrosine kinase assays
revealed that Curosurf and Exosurf inhibit significantly L-selectin-induced
activation of the src-tyrosine kinase Lck by 43% or 51%, respectively.
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mation (6). For example, chronic inflammatory processes are
thought to be important pathogenetic factors in the develop-
ment of CLD of preterm infants (29, 30).

The long-term benefit of surfactant in the course of severe
RDS of premature infants is well established [reviewed in
Pramanik et al. (31) and Pelkonen et al. (32)]. In addition, there
is increasing evidence that surfactant inhibits bacterial growth
and modulates immunologic functions of inflammatory cells
(17, 33). Mitogen- or antigen-induced proliferation and immu-
noglobulin synthesis of lymphocytes are reduced by surfactant
(34–37). Inhibition of LPS-induced release of tumor necrosis
factor-a, the anti-inflammatory IL-1 receptor antagonist, and
other proinflammatory cytokines (such as IL-1, IL-6, and IL-8)
in monocytes by different surfactant preparations underscores
the immunomodulatory role of surfactant (20, 21, 23, 38).
Production of superoxide anions and release of prostaglandin
E2 and thromboxane B2 in monocytes by a bacterial extract
were significantly inhibited by Curosurf (22). The molecular
mechanisms in the surfactant-induced inhibition of bactericidal
functions of monocytes comprise intracellular signaling path-
ways involving protein kinases (39).

The influence of surfactant on intracellular signaling events
of adhesion molecules is relatively unknown. Our present
study revealed that two different surfactant preparations signif-
icantly inhibit L-selectin-induced capping of selectin receptors.
Capping of membrane-bound surface receptors is an energy-
dependent process mediated by intracellular, yet unknown,
molecules and seems to be important in inducing intracellular
signaling cascades (25) in leukocytes. In addition, surfactant
reduces the basal activity of the neutral sphingomyelinase on
L-selectin triggering. Recently, we have demonstrated that
inhibition of the neutral sphingomyelinase by glutathione, a
pharmacologic inhibitor (40), abolishes L-selectin-induced
capping (24). Therefore, the surfactant-induced prevention of
capping after L-selectin triggering might be related to the
inhibitory effects on the activity of the neutral sphingomyeli-
nase. Furthermore, surfactant inhibits the L-selectin-induced
activation of the src-tyrosine kinase p56lck, resulting in the
lack of phosphorylation of several proteins. Activation of
src-tyrosine kinase is one of the earliest events in intracellular
signaling known so far (41). Src-tyrosine kinases play a fun-
damental role in transmitting signals, thereby modulating cell
proliferation and differentiation. Inhibition of this kinases
might therefore have a profound effect on cellular functions in

leukocytes. The p120Cbl protein was identified as a molecule
whose tyrosine phosphorylation was abolished by surfactant.
The function of this protein is not fully understood yet. How-
ever, p120Cbl is an adaptor protein, enabling the activation-
dependent assembly of multiprotein complexes, thereby fulfill-
ing docking functions (42). Lack of phosphorylation of the
p120Cbl protein could therefore result in disintegration of multi-
protein complexes and disturbance of intracellular signaling.

The exact pharmacologic mechanisms by which surfactant
exerts these effects on lymphocytes are not understood yet.
Using a flow cytometric approach, we could clearly exclude
that the inhibitory effects of both surfactant preparations tested
on L-selectin-induced signal transduction are related to dis-
turbed interaction of the L-selectin antibody with the L-selectin
receptor molecule.

One can speculate that because of the biophysical properties
of surfactant, phospholipids are integrated in cellular mem-
branes and modulate the assembly of cell membrane-anchored
multiprotein complexes. Alternatively, surfactant might di-
rectly interact with intracellular signaling molecules.

We experimentally excluded the possibility that surfactant
might interfere with a certain step within the assays by dem-
onstrating that adding surfactant to immunoprecipitates does
not influence tyrosine phosphorylation of the Cbl protein. In
addition, a direct effect on the assays is very unlikely because
the various assays are based on completely different biochem-
ical methods, such as immunoprecipitation, immunofluores-
cence, and enzymatic reactions.

Finally, we used Curosurf at a concentration of 500 mg/mL
and Exosurf at a concentration of 1000 mg/mL. The concen-
tration of surfactant in the intraalveolar space is difficult to
estimate. From studies by Gregory and coworkers (43), who
analyzed the phospholipid content from bronchoalveolar la-
vages, the amount of phospholipid concentration in the surfac-
tant preparation inhibiting L-selectin-induced signal transduc-
tion is in the lower range compared with that present in the
alveoli of the healthy lung and is similar to the phospholipid
content in the lavage from patients with adult respiratory
distress syndrome.

Of interest will be to dissect which components of the
natural surfactant Curosurf and of the synthetic surfactant
Exosurf contribute to the described effects. As far as Exosurf is
concerned, the suppressive effects on chemokine synthesis
seem to rely on the dispersing agent tyloxapol (44).

The suppressive effects of surfactant on intracellular signal-
ing events of the L-selectin adhesion molecule might be ben-
eficial. The physiologic role of L-selectin in adhesion is in
mediating transient interactions of leukocytes with endothelial
cells. This L-selectin-mediated tethering and rolling is a pre-
requisite for integrin-dependent firm sticking and extravasa-
tion. These interactions of the L-selectin molecule with its
ligands also induce intracellular signaling cascades and acti-
vate leukocytes. Activation of leukocytes by L-selectin also
takes place in the intraalveolar space during inflammatory
processes. There is an elevated level of soluble L-selectin in
tracheal aspirates of preterm infants with RDS who subse-
quently have CLD (16). An elevated level of soluble selectin
reflects L-selectin-induced cell activation, resulting in the pro-

Figure 6. L-selectin triggering induces tyrosine phosphorylation of the adap-
tor protein Cbl. This increase in tyrosine phosphorylation on L-selectin trig-
gering is abolished in lymphocytes treated with Curosurf or Exosurf. The
p120Cbl protein was immunoprecipitated and blotted with an anti-
phosphotyrosine antibody (4G10). Cells for nonspecific immunoprecipitates
(NS) were stimulated with the Dreg56 antibody and incubated with an agarose-
coupled antibody only. Results are representative of three independent exper-
iments.
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teolytic cleavage of the extracellular domain of L-selectin. This
unintentional L-selectin triggering in the intraalveolar space
might be induced by ligands expressed on other leukocytes or
platelets. Of note is that L-selectin acts as a low-affinity
receptor for LPS and that L-selectin is the first known cell
surface protein that both binds LPS and transduces signals
(45). In addition, LPS induces shedding of L-selectin. Al-
though the pathogenesis of adult respiratory distress syndrome,
RDS, and pneumonia is diverse, these diseases are characterized
by intraalveolar accumulation and activation of leukocytes.

Therefore, attenuation of L-selectin-mediated signal trans-
duction in lymphocytes by surfactant might reduce tissue
destruction and chronic inflammation and could contribute to
the anti-inflammatory effects of surfactant.
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