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Abstract

Background: There is growing evidence that platelets accu-
mulate in the lung and contribute to the pathogenesis of
acute lung injury during endotoxemia. The aims of the pres-
ent study were to localize platelet sequestration in the pul-
monary microcirculation and to investigate the role of P-se-
lectin as a molecular mechanism of platelet endothelial cell
interaction. Methods: We used in vivo fluorescence micros-
copy to quantify the kinetics of fluorescently labeled eryth-
rocytes and platelets in alveolar capillary networks in rabbit
lungs. Results: Six hours after onset of endotoxin infusion
we observed a massive rolling along and firm adherence of
platelets to lung capillary endothelial cells whereas under
control conditions no platelet sequestration was detected.
P-selectin was expressed on the surface of separated plate-
lets which were incubated with endotoxin and in lung tissue.
Pretreatment of platelets with fucoidin, a P-selectin antago-
nist, significantly attenuated the endotoxin-induced plate-
let rolling and adherence. In contrast, intravenous infusion
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of fucoidin in endotoxin-treated rabbits did notinhibit plate-
let sequestration in pulmonary capillaries. Conclusion: We
conclude that platelets accumulate in alveolar capillaries fol-
lowing endotoxemia. P-selectin expressed on the surface of
platelets seems to play an important role in mediating this
platelet-endothelial cell interaction.

Copyright © 2006 S. Karger AG, Basel

Introduction

There is growing evidence that platelets play a crucial
role in the pathogenesis of acute respiratory distress syn-
drome and postischemic reperfusion injury following
lung transplantation [1, 2]. Histologic investigations of
acute lung injury have shown that platelets sequestrate
in pulmonary capillaries prior to neutrophils [3]. Once
retained platelets may contribute to tissue damage due to
release of oxygen radicals and proinflammatory and va-
soactive mediators such as thromboxane A,, leukotri-
enes, serotonin, platelet factor 4, and platelet-derived
growth factor [4-7]. In addition, platelets have the po-
tential to influence the immunologic response of neutro-
phils [8]. Therefore, entrapped platelets might promote
activation and recruitment of leukocytes at the site of
injury and aggravate pulmonary endothelial cell dam-
age.
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The mechanisms of pulmonary platelet sequestration
might be complex and have not been understood so far.
Although platelets are anuclear fragments of megakaryo-
cytes, they possess cellular components enabling their in-
teraction with the endothelium. For instance, platelets
carry adhesion molecules required for cell-cell interac-
tion, such as PECAM-1, integrins (LFA-1, glycoprotein
IIb/I11a), and P-selectin [9, 10]. The last of these is stored
in a-granule of platelets and in Weibel-Palade bodies of
endothelial cells. Upon activation of these cells P-selectin
is expressed on the cell surface within seconds and medi-
ates rolling of leukocytes along the endothelium. There is
growing evidence that P-selectin is also responsible for
the initial interaction between activated platelets and en-
dothelium, since rolling of platelets has also been ob-
served [11]. However, the role of P-selectin in the media-
tion of platelet/endothelial interaction in pulmonary cap-
illaries is completely unknown.

Therefore, the aim of the study was to characterize the
behavior of platelets in pulmonary capillary networks
under physiologic conditions and after endotoxemia in
vivo using intravital fluorescence microscopy. The role of
endothelial and/or platelet P-selectin in platelet/endothe-
lial cell interaction was investigated by either intravenous
administration of the P-selectin antagonist fucoidin or by
incubation of fluorescent-labeled platelets with fucoidin
prior to reinjection.

Methods

Animal Preparation

All animals received care in accordance with the German leg-
islation on protection of laboratory animals. The anesthesia pro-
tocol, the surgical preparation and experimental setup have been
described in detail [12]. In brief, male New Zealand White rabbits
ranging in body weight (BW) from 2.5 to 3.3 kg were anesthe-
tized, tracheotomized, intubated and pressure-controlled venti-
lated (FiO,: 0.4, inspiratory airway pressure 8 mm Hg, expiratory
airway pressure 2 mm Hg). For continuous monitoring of macro-
hemodynamics catheters were introduced into the carotid and
pulmonary artery and into the central vein. After implantation of
a transparent window into the right chest wall in vitro fluores-
cein isothiocyanate (FITC)-labeled red blood cells (Sigma,
Deisenhofen, Germany) and in vitro rhodamine 6G-labeled plate-
lets (Merck, Darmstadt, Germany) were sequentially visualized
in subpleural alveolar capillary networks during prolonged inspi-
ration periods of 10 s using a fluorescence microscope (Leica,
Wetzlar, Germany). For video recordings a silicon-intensified
video camera (C2400-08, Hamamatsu, Herrsching, Germany)
and an S-VHS video recorder (AG-7350, Panasonic, Munich, Ger-
many) were used.
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Cell Labeling

Red blood cells harvested from carotid artery were separated
by centrifugation and labeled with FITC as previously described
[12]. The FITC-labeled red blood cells were resuspended in saline
solution and reinfused. Platelets were prepared according to
Massberg etal. [11]. Briefly, 10 ml of whole blood were mixed with
3 ml phosphate-buffered saline (PBS) and 0.55 ml aqua ad injec-
tabilia containing 15.2 wmol citric acid, 30 wmol trisodium cit-
rate, 40 wmol dextrose, and 3 pg PGE;. Blood was centrifuged
and platelets were separated. Fifteen microliters of the 0.05%
fluorescent dye rhodamine 6G per 1 ml platelet-rich plasma were
added. After centrifugation (2,000 g; 10 min), separation and re-
suspendation with 10 ml PBS half of the platelets were incubated
with 3 mg of the sulfated fucose polymer fucoidin (Sigma, Deisen-
hofen, Germany) and centrifuged again. Platelets were resus-
pended with 2 mI PBS (0.5 10° platelets/ml) and reinjected short-
ly before intravital microscopy was performed.

Determination of P-Selectin Expression by

Immunohistochemistry/Cytochemistry

Paraffin-embedded lung sections and cytospins of separated
platelets were stained with the primary rabbit-specific monoclo-
nal anti-P-selectin antibody Psel.KO2.10 (1:50 dilution) and with
the ABC kit (Dianova, Hamburg, Germany) according to the
manufacturer’s instructions. Psel. KO2.10 was a generous gift
from Pilar Pizcueta (Servicio de Cardiologia, Hospital Universi-
tari Vall d’Hebron, Barcelona, Spain).

Determination of Expression of P-Selectin on Isolated

Platelets by Flow Cytometry

Isolated rabbit platelets were incubated for 10 min with a cross-
reacting FITC-stained anti-C62P antibody (Ms IgG1 Clone AK-4
mouse anti-human CD62P, FITC, Acris Diagnostika, Hidden-
hausen, Germany) at a final concentration of 20 p1/1.0-10° plate-
lets. For negative control a nonreacting FITC-stained mouse IgG1
antibody was used. Samples were washed twice with PBS to min-
imize autofluorescent activity of fucoidin and analyzed by flow
cytometry (FACScan cytometer, Becton Dickinson, Heidelberg,
Germany).

Determination of Microhemodynamics, Platelet-Endothelial

Interaction by Intravital Fluorescence Microscopy

Microhemodynamics and platelet kinetics were analyzed off-
line from the video recordings using a digital image-processing
system (Optimas, Bioscan, Edmonds, Wach., USA), as described
previously [12, 13]. The inner wall of the alveoli was outlined and
the respective alveolar surface area was planimetrically deter-
mined by the image analysis system. Microhemodynamics and
platelet kinetics were described as the harmonic mean of the ve-
locity of at least 30 FITC-labeled erythrocytes and rhodamine
6G-labeled platelets passing a predefined vessel cross section or
capillary network. Adherent platelets were defined as cells not
moving for >10 s and expressed per projected alveolar surface,
respectively. At least three different alveolar areas were investi-
gated in each experimental phase.

Experimental Protocol

To investigate the effect of endotoxemia on platelet/endothe-
lium interaction intravital microscopy was performed under con-
trol conditions and after a 6-hour endotoxin infusion. The ani-
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mals were randomly treated with a saline solution (n = 5; 2 ml
as bolus and 1 ml/h-kg BW; per infusionem) or with endotoxin
(n=5; LPS 0111:B4 from Escherichia coli, Sigma). First, 100 g of
LPS were administered as bolus followed by an LPS infusion
(20 pg/h-kg BW) until the end of the experiment. Substances were
delivered through the central vein catheter. Macrohemodynam-
ics was monitored continuously. After surgical preparation of the
animals and confirming of the exclusion criteria, as mean arte-
rial pressure <65 mm Hg, lack of macroscopic visible atelectasis,
hemorrhage, or perfusion failure on lung surface, autologous
FITC-labeled erythrocytes were reinjected 30 min before intravi-
tal microscopy ensuring splenic elimination of rheologically al-
tered labeled red blood cells. Rhodamine 6G-labeled platelets
were reinfused immediately before the video microscopic pic-
tures were taken. For endothelial P-selectin inhibition 20 mg/kg
BW of fucoidin was intravenously administered 15 min before
platelet reinfusion. To prevent anaphylactic reactions induced by
fucoidin 0.3 mg/kg BW of monovalent dextran (molecular weight
1,000; Promit®, Schiwa, Glandorf, Germany) was given 3 min be-
fore the infusion of fucoidin. To evaluate the effect of platelet
P-selectin inhibition on platelet/endothelial cell interaction, iso-
lated rhodamine 6G-labeled platelets (0.5-10°/ml buffer) were in-
cubated with either LPS (300 ng/ml) or LPS (300 ng/ml) and fu-
coidin (200 mg/ml), washed, and reinfused for intravital micros-
copy. At the end of the experiments, the animals were sacrificed
and the lungs removed for immunohistochemistry. A portion of
platelets prepared for intravital microscopy were separated and
used for immunocytochemistry.

Statistics

All data are represented as mean * standard error of the mean.
Statistical data analysis was performed using SigmaStat (Jandel,
1995, Erkrath, Germany). Comparisons between the groups were
tested using ANOVA on ranks followed by Dunn’s method. Re-
peated measurements were tested using the Mann-Whitney rank
sum test. Statistical significance was assumed when p < 0.05.

Results

Expression of P-Selectin on Isolated Platelets Detected

by Immunocytochemistry

Anti-P-selectin antibody binding on control platelets
was not detectable indicating that under these conditions
platelet P-selectin expression was not expressed or below
our detection limit. Incubation of platelets with LPS for
1 min markedly enhanced immunoreactivity for P-selec-
tin. The additional incubation of platelets with fucoidin

Fig. 1. Immunocytochemical staining of P-selectin (arrows) on platelet under
control conditions (a), after LPS (b), and after LPS + fucoidin (c). Platelets treat-
ed with LPS revealed intensive expression of P-selectin. In contrast, pretreatment
with fucoidin inhibited LPS-induced P-selectin staining. Experiments were re-

peated 4 times.

P-Selectin and Pulmonary Platelet
Sequestration
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Fig. 2. a Flow cytometry analysis of P-selectin expression of iso- 2
lated platelets. Platelets were treated with nonreacting FITC- 3 20
stained mouse IgGl antibody as negative control, or with PBS, g T
LPS 2 pg/ml, and LPS 2 pg/ml + fucoidin 1 mg/ml. Treatment of S
platelets with LPS revealed increased expression of P-selectin. In T 304 = T
contrast, addition of fucoidin decreased LPS-induced P-selectin e
staining. b Flow cytometry group data analysis of platelet P-selec-
tin expression. Percentage of P-selectin-positive platelets after in- 20 \ \ \ \
cubation with PBS, PBS + fucoidin 1 mg/ml, LPS 2 pug/ml, and PBS PBS +fucoidin LPS LPS + fucoidin
LPS 2 pg/ml + fucoidin 1 mg/ml. Data are mean = SEM, n = 4.

blocked the antibody binding to P-selectin nearly com-
pletely (fig. 1). Similar results were obtained with throm-
bin (1 U/ml) instead of LPS (two experiments, data not
shown).

Expression of P-Selectin on Isolated Platelets Detected

by Flow Cytometry

In each platelet suspension 6,960 * 726 platelets were
analyzed. Anti P-selectin antibody binding was found on
37.6 £ 1.5% of PBS-treated platelets. However, incuba-
tion of platelets with LPS significantly enhanced P-selec-
tin expression (56.2 = 3.0% of platelets). In contrast, this
response was completely blocked by fucoidin (LPS + fu-
coidin: 29.2 * 1.2% of platelets, PBS + fucoidin: 30.5 *
0.7% of platelets) (fig. 2a, b).
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Expression of P-Selectin in Lung Tissue

Only small amounts of P-selectin could be detected
under control conditions on the inner surface of blood
vessels, whereas 6 h after LPS infusion the staining inten-
sity increased. The antibody binding to P-selectin on the
pulmonary endothelium was completely inhibited by the
administration of fucoidin (fig. 3).

Microhemodynamics

Microhemodynamics and platelet kinetics were quan-
tified in the identical alveolar capillary network, three
per animal. There was no difference of the alveolar wall
area between the control (10.2+10° wm?) and LPS group
(8.9+10° wm?). The mean erythrocyte velocity in the con-
trol group was 628 * 18 wm/s and in the LPS group 760

Kiefmann/Heckel/Schenkat/Déorger/
Goetz



Fig. 3. Immunohistochemical staining of P-selectin (arrows) in lung sections under control conditions (a), after
LPS (b), and after LPS + fucoidin (c). Animals treated with LPS but not those from control group showed in-
tensive expression of P-selectin. However, pretreatment of the animals with fucoidin completely inhibited the
P-selectin staining induced by LPS infusion. Experiments were repeated 4 times.
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Fig. 4. Velocity of erythrocytes and platelets (PLT) in pulmonary
alveolar capillary networks 6 h after saline (n = 4) and LPS (n =
5). Untreated platelets or fucoidin-treated platelets were investi-
gated before and after systemic administration of fucoidin. Data
are mean * SEM.

+ 68 wm/s and did not statistically differ between the
two groups (fig. 4). Infusion of fucoidin did not influence
the red blood cell velocity either in the control or in the
LPS group (data not shown).

P-Selectin and Pulmonary Platelet
Sequestration

Fig. 5. Number of sticking platelets (PLT) per area in pulmonary
alveolar capillary networks 6 h after saline (n = 4) and LPS (n =
5). Untreated platelets or fucoidin-treated platelets were investi-
gated before and after systemic administration of fucoidin. Data
are mean = SEM.

Platelet-Endothelial Interaction

In alveolar capillary networks untreated platelets (not
incubated with fucoidin) had the same mean velocity
(555 £ 62 pum/s) as erythrocytes and were not perma-

] Vasc Res 2006;43:473-481 477



nently retained (sticking), indicating that unstimulated
platelets and erythrocytes possess an equal rheological
behavior. In contrast, infusion of LPS resulted in a sig-
nificant decrease of the mean platelet velocity (276 *
85 wm/s) and an increase of the permanently retained
platelets (299 * 157 mm™) and therefore in a massive
retention of platelets in alveolar capillaries versus control.
Under control conditions the incubation of platelets with
fucoidin and the systemic administration of fucoidin did
not significantly influence either the mean platelet veloc-
ity (fucoidin-treated platelet velocity: 432 *£ 106 pwm/s;
platelet velocity after systemic fucoidin: 626 * 58 pm/s)
or the number of sticking platelets in alveolar capillaries
(28 + 33and 0.0 + 0.0 mm™2, respectively). However, the
pretreatment of platelets with fucoidin inhibited the
LPS-induced decrease of mean platelet velocity (392 *
121 pm/s) and the increase of permanently retained
platelets (88 * 56 mm™) since there was no significant
difference from the control. In comparison, the intrave-
nous infusion of fucoidin had no inhibitory effect on
platelet retention after LPS in pulmonary capillary net-
works (platelet velocity: 308 + 75 wm/s, number of stick-
ing platelets: 168 * 42 mm™) (fig. 4, 5). The number of
permanently retained platelets following LPS did not sta-
tistically differ between the groups.

Discussion

The main finding of our study was that intravenous
infusion of endotoxin caused a massive accumulation of
platelets in the alveolar capillary network within minutes
after their reinjection. Experiments were performed using
differently in vitro fluorescence-labeled erythrocytes and
platelets. The staining technique used for the study has
already been validated for the investigation of platelet ki-
netics in a mouse small intestine model following isch-
emia/reperfusion [11]. The mean platelet velocity was de-
creased and platelet aggregates were observed within the
pulmonary capillaries as a sign of a temporary interaction
of platelets with the endothelium. Macro- and microhe-
modynamics did not change following the infusion of en-
dotoxin. Shear-dependent mechanisms as a possible cause
of enhanced platelet endothelial interactions can there-
fore be ruled out. It has previously been reported that en-
dothelial P-selectin [14] may promote binding of erythro-
cytes to endothelial cells and, thus, affect microhemody-
namics. Obviously, this appears to play a minor role in the
rabbit pulmonary microcirculation, since erythrocyte
velocities did not change following LPS infusion.
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Since the observed platelet retention within septal cap-
illaries following endotoxin infusion was not caused by
changes of microhemodynamics we tested whether P-se-
lectin might be involved in this platelet/endothelial cell
interaction.

P-selectin, a lectin-like molecule which mediates the
initial step of the adhesion cascade (rolling), is stored in
intracellular granules of platelets and endothelial cells
[15, 16]. Immediately upon activation this adhesion mol-
ecule can be mobilized to the cell surface independent of
gene transcription and expression [17, 18]. Using immu-
nocytochemistry and flow cytometry we demonstrated
that after activation with endotoxin P-selectin was ex-
pressed within minutes on the surface of platelets. There
has already been a study on the potential of endotoxin to
induce in vivo P-selectin translocation in circulating
platelets [19]. We were also able to detect P-selectin ex-
pression in lung tissue. Immunostaining of P-selectin on
tissue sections detects both intracellular and surface-ex-
pressed P-selectin. It can be considered that following cell
activation and translocation of P-selectin to the cell sur-
face the total amount of P-selectin protein per cell re-
mains more or less unchanged. Therefore, a local en-
hancement of P-selectin staining could be due to accu-
mulated platelets. In our study, lungs were removed for
immunohistochemistry 6 h after the onset of LPS infu-
sion. It has been demonstrated that P-selectin transcrip-
tion in endothelial cells can be upregulated within 6 h
following LPS stimulation [20]. Platelets do not have a
nucleus and, thus, P-selectin upregulation in these cells
is unlikely. Therefore, the enhanced immunostaining of
P-selectin following LPS, as detected in our study, can be
caused not only by attached platelets but also by endothe-
lial P-selectin upregulation. Although we were not able to
demonstrate P-selectin mobilization to the endothelial
cell surface by immunohistochemistry studies, both in
vitro and ex vivo experiments have previously document-
ed that LPS induces rapid mobilization of P-selectin on
the endothelial cell surface [20].

We evaluated the role of P-selectin in mediating the
initial step of platelet-endothelial interactions in pulmo-
nary septal capillaries upon infusion of endotoxin using
the P- and L-selectin antagonist fucoidin. According to
Handa et al. [21] sulfate glycans such as fucoidin may in-
hibit the binding of EGF-like selectin domains with its
ligands by inducing conformational changes of this do-
main. Fucoidin was shown to be a potent inhibitor of leu-
kocyte rolling by blocking P- and L-selectin in a dose-de-
pendent manner [22]. However, Kubes et al. [23] pro-
posed the existence of fucoidin sensitive but L- and
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P-selectin-independent leukocyte rolling . They demon-
strated that the inhibition of L- and P-selectin with two
different antibodies only reduced leukocyte rolling in ve-
nules upon ischemia/reperfusion by 60%, whereas fucoi-
din induced a 90% reduction of leukocyte rolling. The
proposed existence of selectin-unspecific effects of fucoi-
din on platelet kinetics has not been investigated so far
and can therefore not be excluded in the present study. It
should be considered that the binding of fucoidin may
activate platelets and therefore alter their kinetics. How-
ever, neither the pretreatment of platelets with fucoidin
nor the infusion of fucoidin did alter the platelet velocity
compared to control conditions. Toxic or anaphylactic
side effects of fucoidin also seem to be unlikely since none
of the parameters assessed in the present study signifi-
cantly changed after the infusion of fucoidin.

Pretreatment of platelets with fucoidin dramatically
attenuated rolling and subsequent firm adhesion to capil-
lary endothelium after endotoxin. In contrast, infusion
of fucoidin did not influence the endotoxin-induced
changes of platelet kinetics in alveolar capillaries. The
binding of fucoidin on rabbit platelets and lung endothe-
lium was confirmed by previous studies and by immuno-
histochemistry. We demonstrated in a comparable rabbit
model that the infusion of fucoidin significantly in-
creased the flow velocity of moving leukocytes, reduced
frequency and duration of temporary leukocyte reten-
tion, drastically accelerated the leukocyte transit in al-
veolar capillaries [24], and inhibited the endotoxin-in-
duced decrease of platelet velocity in pulmonary arteri-
oles and venules [25]. In the present study, P-selectin
expression was found in rabbit lungs and separated plate-
lets treated with endotoxin alone and could not be deter-
mined in rabbit lungs or platelets treated with endotoxin
and fucoidin. We could not differentiate whether the en-
dotoxin-induced pulmonary expression of P-selectin was
due either to platelet adhesion or to redistribution of
P-selectin on the endothelial cell surface. However, it is
published that, for example, thrombin which is generated
during endotoxemia induces mobilization of P-selectin
on the endothelial cell surface. Our results provide there-
fore strong evidence that P-selectin expressed by the
plateletis the major determinant responsible for the plate-
let sequestration in pulmonary capillary networks fol-
lowing endotoxin. The endothelial P-selectin seems to
play only a minor role in mediating platelet-endothelial
cell interaction in our model.

This finding is partially in contrast to our data pub-
lished in Thrombosis and Haemostasis in 2004 [25]. In this
study we found that intravenous infusion of endotoxin re-

P-Selectin and Pulmonary Platelet
Sequestration

sulted in a decrease of platelet velocity in pulmonary arte-
rioles and venules and this effect could be partly inhibited
by intravenous infusion of fucoidin. From this result we
concluded that endothelial P-selectin is involved in the in-
teraction of platelets with the endothelium and that, for
example, other adhesion molecules such as E-selectin
might be involved in this process. The finding that endo-
thelial P-selectin seems to be involved in pulmonary arte-
rioles and venules but not in capillaries can be explained
by the publication of Feuerhake et al. [26]. They detected
an endothelial P-selectin expression in pulmonary arteri-
oles and venules but not in septal capillaries. Our results
go also along with the findings of Kubo et al. [27]. They
observed that the intravenous infusion of fucoidin but not
anti P-selectin antibodies blocked the complement frag-
ment-induced leukocyte sequestration in pulmonary cap-
illaries. Since on the one hand endothelial cells but not
leukocytes express P-selectin following adequate stimula-
tion and on the other hand leukocytes possess ligands for
P-selectin and express L-selectin which can also be blocked
by fucoidin, the authors concluded that leukocyte seques-
tration in pulmonary capillaries is mediated by the leuko-
cyte L-selectin rather than by the endothelial P-selectin.
One can also conclude from these findings that endothe-
lial cells in pulmonary capillaries must express a ligand for
L-selectin. As summarized by Rinko et al. [28] structural
similarities between E-, P-, and L-selectin suggest that
they bind similar or even identical ligands. In fact, all three
selectins recognize and bind to sialyl Lewis (sLe), a rigid
polysaccharide, in particular, sLex and sLea [29-31]. Tak-
en together, according to Kubo et al. pulmonary capillary
endothelial cells express a ligand for L-selectin and ac-
cording to Rinko et al. P- and L-selectin recognize the
identical ligand. Therefore, P-selectin-expressing platelets
should similarly to L-selectin-expressing leukocytes be
able to interact with the endothelium of pulmonary capil-
laries and the blockade of platelet P-selectin should ac-
cording to our findings reduce the platelet/endothelial in-
teraction following stimulation.

In the case of inflammation heparan sulfates are also
potential ligands for P- and L-selectin as reviewed by Par-
ish [32]. Heparan sulfates are ubiquitously expressed
polysaccharides on cell surfaces and in cell matrix. It has
been demonstrated by Wang et al. [33] that endothelial
heparane sulfate can act as the dominant L-selectin li-
gand on inflamed vascular endothelium. Since endothe-
lial heparane sulfates ligate also P-selectin it is theoreti-
cally possible that platelets interact with the endothelium
by platelet P-selectin/endothelial heparan sulfate bind-
ing. As far as we know, this hypothesis has not been test-
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ed. However, it could explain why in our study the plate-
let P-selectin inhibition with fucoidin reduced the endo-
toxin-induced platelet endothelial interaction.

Nevertheless there are numerous in vivo studies show-
ing that endothelial, rather than platelet P-selectin medi-
ates platelet endothelium interactions in vivo. Indeed,
there are studies, e.g. by Massberg et al. [11], showing that
‘platelets lacking P-selectin rolled along or adhered to
postischemic wild-type endothelium, interactions be-
tween wild-type platelets with mutant endothelium were
nearly absent, indicating that I/R-induced platelet-endo-
thelium interactions are dependent on the expression of
P-selectin by endothelial cells’. However, under certain
conditions platelet P-selectin seems to mediate platelet/
endothelial interaction: Frenette et al. [34] have demon-
strated numerous interactions of activated platelets from
wild-type mice in TNF-a-stimulated venules of P/E-/-
mice, whereas very little capture and rolling were seen
when activated P-selectin-/- platelets were injected or
when mice were not treated with TNF-a.

Since TNF-a seems to be important for platelet P-se-
lectin-mediated platelet/endothelial interaction and
TNF-a blood concentration rises during endotoxemia
[35] our results are in accordance with the literature. Our
concept that platelet P-selectin may contribute to plate-
let/endothelial interaction might be further supported by
Tailor and Granger [36]. They reported: “‘When W'T plate-
lets were monitored in high cholesterol diet (HCD)-P-

selectin—/- mice, platelet/endothelial adhesion was dra-
matically reduced. However, when P-selectin-/- platelets
were monitored in HCD-WT recipients, platelet/endo-
thelial adhesive interactions were reduced even further,
comparable to no diet WT mice.

In conclusion, we have demonstrated that platelets,
similar to leukocytes, become sequestrated in alveolar
capillary networks in response to endotoxemia. In con-
trast to leukocytes, platelets do not seem to be retained in
pulmonary capillaries due to mechanical hindrance. The
platelet accumulation is induced by platelet-endothelial
cell interaction and it seems to be mediated via P-selectin
expressed on the surface of platelets. Because platelets
may release proinflammatory chemokines and oxygen
radicals and modulate leukocyte sequestration, platelet
accumulation in the pulmonary microvasculature might
contribute to lung injury in response to entotoxemia.
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