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Care Medicine, University of Tübingen, Tübingen, Germany; 3Department of Anesthesiology and Critical Care Medicine, University of
Münster, Münster, Germany; Departments of 4Biomedical Engineering, 5Microbiology, and 6Molecular Physiology and Biological Physics,
University of Virginia, Charlottesville, Virginia

Rationale: Excessive recruitment of polymorphonuclear leukocytes
(PMNs) to the lung promotes acute lung injury (ALI). Chemokine
receptors and adhesion molecules initiate leukocyte–endothelial
interactions, but mediators of PMN migration through the alveolo-
capillary membrane remain to be identified. p21-Activated kinase
(PAK) is an effector of small GTPases and has been implicated in
cell migration.
Objectives: To test the role of PAK in ALI.
Methods: An inhibitory PAK peptide was used to determine the
role of PAK in cytoskeletal actin polymerization, cell adhesion, and
oxidative burst. PMN migration was investigated in vitro and in a
murine model of lipopolysaccharide-induced lung injury.
Measurements and Main Results: PMN migration into lung intersti-
tium and alveolar space was suppressed by an inhibitory PAK pep-
tide. Neutrophils that had taken up the inhibitory PAK peptide were
unable to enter the alveolar space. CXCL2/3, an important PMN
chemoattractant in murine lung injury, induced PAK phosphoryla-
tion in PMNs. Blocking PAK function inhibited chemotaxis, chemokine-
induced cytoskeletal actin polymerization, and adhesion-induced
oxidative burst.
Conclusions: We conclude that neutrophil PAK is a critical mediator
of PMN migration and may be an attractive target in ALI.

Keywords: acute respiratory distress syndrome; polymorphonuclear
leukocytes; inflammation; migration

Excessive recruitment of polymorphonuclear leukocytes (PMNs)
to the lung is one of the hallmarks of the early phase of acute
lung injury (ALI) and acute respiratory distress syndrome
(ARDS). In experimental studies, depletion of PMNs has been
demonstrated to curb lung damage (1). Clinical observations
suggest that lung function in patients with ARDS negatively
correlates with neutrophil counts in the blood (2).

The molecular requirements for PMN trafficking into in-
flamed lungs differ fundamentally from those in other tissues
(3, 4). Although PMN activation might be sufficient to allow
PMN adhesion to the pulmonary endothelium (5), neutrophil
transmigration into the lung interstitium and alveolar airspace
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Chemokine receptors and adhesion molecules initiate
leukocyte–endothelial interactions, but mediators of poly-
morphonuclear leukocyte migration through the alveolo-
capillary membrane remain to be identified.

What This Study Adds to the Field

p21-Activated kinase is a critical mediator in acute lung
injury.

requires molecules on PMNs and endothelium, including adhe-
sion molecules and chemokine receptors (6, 7). After adhesion
to the endothelium is established, transmigration is initiated
by stimulus-induced cytoskeletal reorganization of PMNs and
endothelial cells. Small GTPases, such as Rac and Cdc42, play
a key role in the directed migration of PMNs to sites of inflam-
mation (8, 9).

p21-Activated kinases (PAKs) 1, 2, and 3 constitute a family
of serine/threonine kinases activated by Rac and Cdc42 (10).
Because our inhibitory peptide does not distinguish between
PAK isoforms, we use PAK to indicate any of the three isoforms
throughout this article. Under resting conditions, PAK forms a
homodimer in which catalytic activity is blocked by binding an
inhibitory domain in the N-terminus of the opposing catalytic
subunit (11). Activation of PAK involves phosphorylation of
the thr423 and ser141 residues, dissociation of the dimer, and
release of the catalytic domains (12). PAK binds to SH3-
containing adaptor proteins, including Nck and PAK-associated
guanine nucleotide exchange factor (PIX), which mediate trans-
location of PAK to targets at the cell membrane and cell–cell
junctions (13, 14), ultimately resulting in cytoskeletal remodeling
and cell contractility (15). Interfering with PAK interaction with
Nck blocks endothelial migration and angiogenesis (16). In neu-
trophils, PAK is activated by chemoattractants such as formyl-
methionylleucylphenylalanine (fMLP) (17, 18) and is implicated
in the directional movement of PMNs toward a chemotactic
gradient in vitro (19). It is unclear whether PAK is involved in
PMN recruitment to sites of inflammation.

This study was designed to investigate the role of PAK in a
murine model of ALI induced by aerosolized lipopolysaccharide
(LPS). In this model, PMN activation is indirect through mediators
produced by alveolar macrophages and other lung-resident cells
(20, 21). PAK activity was inhibited in vivo using an N-terminal
Nck-blocking peptide (16), and effects on PMN migration into the
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different compartments of the lung and PMN-dependent lung
damage were studied.

METHODS

Inhibitory PAK Peptide

To block PAK function in vitro and in vivo, we used an inhibitory PAK
peptide as previously described (16). A peptide in which two prolines
critical for SH3 binding were mutated to alanines was used as a control.
To detect entry into cells, a peptide was synthesized with an N-terminal
fluorescein isothiocyanate (FITC) moiety (16). To characterize the ki-
netic of this peptide, we incubated mouse blood with the fluorescent
peptide and determined its uptake into PMNs at different time points
(1 h, 3 h, and 6 h).

F-Actin Formation

Human PMNs were purified as described (22) and incubated with inhibi-
tory PAK or control peptide (20 �g/ml) for 1 hour. PMNs were plated
on fibronectin-coated glass slides, and some were stimulated with
CXCL1 (100 ng/ml) for 10 minutes. Cells were fixed and permeabilized,
and F-actin was stained as described (7). In separate experiments,
F-actin content was measured in PMNs in suspension using flow cytome-
try (7, 23). In all experiments, the viability of cells was determined by
Trypan blue exclusion and was always greater than 95%.

PMN Adhesion Assay

Human PMNs were pretreated with PAK or control peptide (20 �g/ml)
for 1 hour and labeled with calcein acetoxymethyl (AM) (Molecular
Probes, Carlsbad, CA), and adhesion to fibrinogen-coated (2 �g/ml)
plates was measured in a plate-reader.

PMN Oxidative Burst

Oxidative burst of adherent PMNs was quantified by measuring the
superoxide dismutase–inhibitable reduction of cytochrome c as de-
scribed (22). Some PMNs were treated with dihydrocytochalasin B
(1 �g/ml) to disrupt cell spreading on the surface (24).

Western Blotting

PMNs from C57Bl/6 mice were stimulated with CXCL2/3 (100 ng/ml)
for the indicated times and prepared for Western blotting as described
previously (25). Blots were probed with anti-PAK2 (1:1,000) (Santa
Cruz Biotechnology, Santa Cruz, CA) or pS141PAK (1:2,000) (Bio-
source, Carlsbad, CA). Lysates of whole lung tissue were probed for
PAK2, pS141 PAK, and pS536 p65, a marker for activation of nuclear
factor-�B.

In Vitro Transmigration Assay

Murine pulmonary endothelial cells (PECs) were isolated using a positive
immunomagnetic selection with CD31 (EasySep Biotin Selection Kit;
StemCell Technologies, Vancouver, BC, Canada), cultured in Dulbec-
co’s modified Eagle’s medium with 10% of fetal calf serum, 20 mM
N-2-hydroxyethylpiperazine-N�-ethane sulfonic acid, 1% penicillin and
streptomycin (Invitrogen, Carlsbad, CA), and 50 �g/ml endothelial cell
growth supplement (Sigma, St. Louis, MO), and grown on fibronectin-
coated filters in a Transwell system (6.5-mm diameter, 3.0-�m pore
size) (Corning, Inc., Corning, NJ).

PMNs from C57Bl/6 mice were isolated as described (7). PMNs,
PECs, or both were incubated with the inhibitory or control PAK
peptide (20 �g/ml) for 1 hour. Filters were moved to wells containing
400 �l of phenol red-free Dulbecco’s modified Eagle medium with or
without CXCL2/3 (250 ng/ml) (PeproTech, Inc., Rocky Hill, NJ). A
total of 2.5 � 105 calcein-labeled (5 �M) PMNs were plated on filters
with or without endothelial cells. Filters were incubated for 2 hours at
37�C, and fluorescence was measured in the bottom wells.

In Vivo Distribution of the Inhibitory PAK Peptide

A FITC-tagged inhibitory PAK peptide (16) was injected intraperitone-
ally. Six hours after injection, PAK-positive cells were identified by
flow cytometry, and their expression of CD31 and CD45 was deter-
mined. Some mice inhaled LPS after an intraperitoneal injection of the

fluorescent inhibitory PAK peptide. Twelve hours later, PMNs were
identified in blood, lungs, and bronchoalveolar lavage fluid (BALF)
and investigated for their peptide uptake. In some experiments, lungs
from these mice were fixed for confocal microscopy.

Murine Model of ALI

LPS inhalation was used to induce ALI in wild-type male C57Bl/6 mice
as described previously (26). All animal experiments were approved
by the Animal Care and Use Committee of the University of Virginia.

PMN Trafficking in the Lung

PMN recruitment into the different compartments of the lung was
assessed as described (26).

pPAK-expressing Cells in the Lung

To determine pPAK expression of neutrophils recruited to the lung,
lungs were homogenized 3 hours after LPS exposure. Cells were perme-
abilized (Cytofix/Cytoperm; BD, Franklin Lakes, NJ) and probed with
fluorescently labeled (Zenon Rabbit IgG Kit; Molecular Probes) anti–
phospho-Ser141 PAK antibody (Biosource). pPAK expression was ana-
lyzed in all leukocytes (CD45�), PMNs (CD45�, GR-1high), and lympho-
cytes (CD45�, GR-1�).

Statistical Analysis

Statistical analysis was performed with JMP Statistical Software 5.1
(SAS Institute, Inc., Cary, NC). Differences between the groups were
evaluated by one-way analysis of variance followed by a post hoc Tukey
test. Data were presented as mean 	 SEM, and p 
 0.05 was considered
statistically significant.

RESULTS

PAK Regulates Cytoskeletal Reorganization in Human PMNs

Remodeling of the cytoskeleton in response to an inflammatory
stimulus is critical for the migratory activity of PMNs. We there-
fore investigated the role of PAK in actin polymerization in
CXCL1-stimulated human PMNs. CXCL1 activation resulted in
a marked increase in F-actin in a typical semilunar shape (Figure
1A). Inhibition of PAK function by addition of the inhibitory
peptide reduced actin polymerization substantially and pre-
vented F-actin localization to the leading edge of the lamellipod.
A control peptide in which two key prolines were mutated had
no detectable effect. Quantification by flow cytometry showed
that the inhibitory PAK peptide caused an approximately 30-
fold decrease in F-actin relative to control cells (Figure 1B).

PMN Adhesion to Fibrinogen Is PAK Mediated

To test whether the inhibitory PAK peptide impaired cell adhe-
sion to a biological surface, we performed a static adhesion assay.
Human PMNs were allowed to adhere to fibrinogen-coated wells
with or without CXCL1. CXCL1 induced a significant increase
of adhesion (p 
 0.05) (Figure 2A). The inhibitory PAK peptide
reduced cell adhesion to baseline levels (p 
 0.05), whereas the
control peptide had no effect.

Oxidative Burst in Adherent PMNs Is PAK Dependent

Unregulated release of reactive oxygen species (ROS) from
PMNs can be detrimental in the setting of ALI (27). ROS forma-
tion occurs upon neutrophil activation and involves integrin-
dependent cytoskeletal reorganization in PMNs adherent to a
surface (28, 29). We therefore investigated the role of PAK in
the formation of ROS in adherent PMNs.

Oxidative burst in response to adhesion to biological surfaces
was investigated as superoxide dismutase–inhibitable reduction
of cytochrome c. Adhesion-induced oxidative burst was mark-
edly reduced when tumor necrosis factor-�–primed PMNs were
pretreated with the inhibitory PAK peptide (Figures 2B and
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Figure 1. p21-Activated kinase (PAK) activity is required for
CXCL1-induced cytoskeletal remodeling. Human polymor-
phonuclear leukocytes (PMNs) were plated on fibronectin-
coated glass slides, treated without (control) or with CXCL1
alone, treated with PAK or with control peptide, fixed, and
stained for F-actin (A ). F-actin content in suspended PMNs
was analyzed by flow cytometry (B ).

2C). Similar inhibition was observed when cytoskeletal actin
polymerization was disrupted by dihydrocytochalsin B. These
data suggest that the stimulation of actin polymerization by PAK
may mediate these effects, although direct effects on the NADP-
reduced oxidase activity have also been reported (18) and could
be involved. PAK activity did not affect the release of ROS
from PMNs in suspension (data not shown).

CXCR2-dependent PAK Activation

CXCL2/3 (macrophage inflammatory protein-2) is a critical
CXCR2 ligand in lung injury (30). To directly test whether PAK

can be phosphorylated after CXCR2 ligation, murine PMNs
were stimulated with CXCL2/3, which induced a transient phos-
phorylation of PAK on ser141 in PMNs with a peak between
15 and 30 minutes (Figure 3A), consistent with a possible role
for PAK in CXCR2-dependent models of ALI.

A Role for Neutrophil PAK for In Vitro Transmigration

We investigated the role of PAK in PMNs for transmigration.
Baseline and CXCL2/3-stimulated migration of PMNs through
a Transwell filter were reduced when PMNs were pretreated
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Figure 2. Role of p21-activated kinase (PAK) in adhesion and oxidative
burst in human polymorphonuclear leukocytes (PMNs). Human PMNs
were calcein labeled and incubated in fibrinogen-coated wells for 2
hours with or without CXCL1. CXCL1 induced a significant (p 
 0.05)
increase in cell adhesion. The inhibitory PAK peptide, but not the control
peptide, significantly reduced adhesion (p 
 0.05) (A ). Adhesion-
induced superoxide production was measured as superoxide dismutase–
inhibitable reduction of cytochrome c. The inhibitory PAK peptide and
dihydrocytochalasin B (dhCB) reduced oxidative activity of tumor necro-
sis factor (TNF)-�–primed adherent PMNs similarly, indicating a critical
role of PAK in superoxide production (B ). Respiratory burst at maximal
response without (left) or with (right) TNF-�. Superoxide production
by adherent PMNs treated with TNF-� was set equal to 100% (C ).
*p 
 0.05 versus negative control; #p 
 0.05 versus positive control.
The inhibitory PAK peptide had no effect on oxidative burst in cell
suspension (data not shown).

with the inhibitory PAK peptide (p 
 0.05 vs. untreated control)
(Figure 3B), consistent with a critical role for PAK in PMN
migration. To investigate the role of PAK in transendothelial
migration, pulmonary endothelial cell monolayers were grown
on Transwell filters, and PMNs were allowed to migrate to the
lower well. To distinguish between effects on PMNs and endo-
thelial cells, each cell type was pretreated with the inhibitory
PAK peptide for 1 hour and washed before beginning the assay.
Migration was reduced when PMNs or endothelial cells were

Figure 3. CXCR2-dependent p21-activated kinase (PAK) phosphoryla-
tion and in vitro transmigration. The CXCR2 ligand CXCL2/3 (100 ng/ml)
induced PAK-phosphorylation in murine polymorphonuclear leukocytes
(PMNs) with a peak between 15 and 30 minutes (A ). Calcein-labeled
PMNs from C57Bl/6 mice were allowed to migrate through 3-�m
Transwell filters with or without CXCL2/3 added to the lower well.
Migration was reduced when PMNs were pretreated with the inhibitory
PAK peptide (solid bars) (B ). PMN migration across a layer of pulmonary
endothelial cells (PECs) was investigated using a similar protocol, except
that PMNs, endothelial cells, or both were pretreated with the inhibitory
PAK peptide and washed before adding media without (open bars) or
with CXCl2/3 (solid bars, 250 ng/ml) to the lower wells (C ). Mean
fluorescence was corrected for baseline fluorescence (endothelial cells
only). Mean 	 SEM of three experiments. *p 
 0.05 versus positive
control.

pretreated with the inhibitory PAK peptide (Figure 3C). Treat-
ment of both populations inhibited more efficiently (p 
 0.05
vs. untreated control). Significant inhibition was observed with
spontaneous and CXCL2/3-induced migration.

In Vivo Distribution of the Inhibitory PAK Peptide

To investigate the cellular targets of the inhibitory PAK peptide
in vivo, we injected mice with FITC-tagged inhibitory PAK pep-
tide. Lungs were harvested and digested, and cells positive for
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the inhibitory PAK peptide were gated and investigated for their
expression of CD31, an endothelial cell marker, and CD45, a
marker for leukocytes (Figure 4A). About 10% of PAK-positive
cells were found to be CD31 positive (not shown), consistent
with a previously described role of PAK in endothelial cells
(25). However, the majority of PAK-positive cells (80%) were
CD45-positive leukocytes. Uptake of the peptide in the lung was
confirmed by confocal microscopy (Figure 4B). The observed
pattern was consistent with inhibitory PAK peptide in endothe-
lial cells and neutrophils. LPS inhalation did not change the
distribution of PAK in the lung significantly (Figure 4B, right
bottom panel). To assess the kinetics of uptake of the inhibitory
PAK peptide in PMNs, whole mouse blood was incubated with
the fluorescent inhibitory PAK peptide, and its uptake into
PMNs was determined by flow cytometry. Mean fluorescence in
PMNs was stable for at least 6 hours (data not shown).

PAK Is Required for LPS-induced PMN Migration into the Lung

To investigate the role of PAK in a murine model of ALI, mice
were exposed to aerosolized LPS. LPS exposure resulted in
phosphorylation of PAK2 in total lung extracts as shown by
Western blot, suggesting that PAK is involved in LPS-induced
lung injury (Figure 5A). We also observed phosphorylation of
nuclear factor-�B p65 subunit, indicating activation of inflam-
matory pathways. When mice were pretreated with the inhibitory
PAK peptide, PMN accumulation in the vascular space was only
weakly affected (Figure 5B). However, PMN migration into the
lung interstitium and alveolar space were reduced by 60 and
70%, respectively (p 
 0.05) (Figures 5C and 5D). The inactive
control peptide did not affect PMN migration.

To investigate whether PMNs that had taken up the inhibitory
PAK peptide retained their LPS-induced migratory activity into
the lung, mice were injected with FITC-labeled inhibitory PAK
peptide and exposed to LPS. Twelve hours after LPS inhalation,

Figure 4. In vivo distribution of
the inhibitory p21-activated
kinase (PAK) peptide. A fluores-
cein isothiocyanate (FITC)–
tagged inhibitory PAK peptide
was injected intraperitoneally.
Six hours later, a single-cell
suspension from the lungs was
prepared for flow cytometry.
FITC-positive cells were gated
by side scatter (SSC) and FITC.
Cells that had taken up the
inhibitory PAK peptide were
found to be 80% CD45� (A ).
Confocal microscopy con-
firmed uptake of the peptide in
the lung (B ). Data are represen-
tative of three experiments.

blood, lung tissue, and BALF were investigated for PMN content
of the inhibitory PAK peptide (Figure 6). In the blood, the
majority of PMNs had taken up FITC-PAK peptide. In contrast,
fewer FITC-positive PMNs were found in lung tissue, and virtu-
ally none were found in the BALF. This progressive loss of
FITC-positive cells suggests that uptake of the inhibitory PAK
peptide prevents PMN entry into the lung interstitial and alveo-
lar space, implying a role for PAK in transendothelial (from
blood to interstitium) and transepithelial (from interstitium to
alveolar space) migration.

LPS Induces Recruitment of phospho-PAK (pPAK)-expressing
PMNs and Macrophages

To determine whether PAK in neutrophils was phosphorylated
during LPS-induced lung injury, we analyzed lymphocytes
(CD45�GR-1�) and PMNs (CD45�GR-1high) by flow cytometry.
Staining for pPAK was detected in PMNs but not in lymphocytes.
Three hours after LPS inhalation (Figure 7B), the majority of
leukocytes were pPAK-positive PMNs, whereas lymphocytes
represented a minor fraction. Most PMNs, but only a minority
of lymphocytes, stained for pPAK.

DISCUSSION

In the present study, we identified neutrophil PAK as a critical
signaling molecule in LPS-induced lung inflammation. PAK is
activated by cytokines implicated in LPS-induced inflammation
in vivo. PAK contributes to neutrophil adhesion and migration
across the endothelium through effects on neutrophils and endo-
thelial cells. In a murine model of ALI/ARDS, inhibiting PAK
substantially reduced PMN migration into lung interstitium and
alveolar space. Most importantly, PMNs recruited to inflamed
lung express pPAK, and PMNs that take up the inhibitory PAK
peptide cannot be recruited to the inflamed lung. We also show
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Figure 5. Role of p21-activated kinase (PAK) in lipopolysaccharide (LPS)-
induced migration of polymorphonuclear leukocytes (PMNs) into the
lung. Mice received an intraperitoneal injection of the inhibitory PAK
peptide before LPS inhalation. Lung extracts were analyzed by Western
blotting for nuclear factor-�B p65 phosphorylation on ser536 (p-p65),
for PAK phosphorylation on ser141 (pS141PAK), or for total PAK2 (�PAK)
as a loading control (A ). Accumulation of PMNs in the vasculature (IV)
(B ), the lung interstitium (IS) (C ), and the bronchoalveolar space (by
bronchoalveolar lavage [BAL]) (D ) were analyzed. Values are means 	

SEM; n  4. *p 
 0.05 versus negative control without LPS; #p 
 0.05
versus positive control with LPS.

that PAK is involved in human neutrophil activation, suggesting
a potential role for PAK in regulating leukocyte-dependent in-
flammatory responses in inflammatory diseases.

Effects of PAK have been demonstrated in endothelial cells
and other nonleukocyte cells (17, 31). In addition, neutrophil
PAK has been implicated in mediating chemotaxis in vitro (19).
PAK2 in PMNs is rapidly phosphorylated in response to fMLP
(32) and other chemoattractants (33), but a role for PAK in
neutrophil transmigration in vivo has not been demonstrated.
PAK phosphorylation occurs at several sites and follows distinct
kinetics in response to various stimuli (32). PAK has been impli-
cated in NADPH oxidase-dependent superoxide release from
PMNs (18) and phagocytic activity (34). PAK-dependent cy-
toskeletal remodeling has been demonstrated in murine PMNs
where C5a failed to induce polarization of F-actin in cells lacking
the PAK-associated protein PIX (19). Here, we show similar
results by disrupting the interaction between PAK and Nck. The
inability to polarize may be a cause for impaired neutrophil
adhesion and migration in vivo. It might also explain why trans-
migration in vitro and in vivo was reduced in PMNs that had
taken up the inhibitory PAK peptide. Furthermore, we show
that adhesion-dependent but not adhesion-independent oxida-
tive burst of PMNs required PAK. Adhesion-dependent oxygen
radical production is highly relevant to neutrophil-dependent
tissue injury (35). Our observation that PAK did not reduce the
release of ROS from PMNs in suspension indicates that the
neutrophil oxidase is not directly affected by PAK.

PAK is activated by various stimuli, including growth factors,
thrombin, histamine, and bacterial compounds such as LPS and
fMLP (25, 32). In addition, chemoattractants can induce PAK
activation, among them CXCL1 and CXCL8 (33, 36). Both che-
mokines have been shown to be critically involved in ALI (7,
37). Whether the protective effects observed with anti-CXCR2
strategies (7, 38, 39) can be in part attributed to reduced PAK
activation remains speculative at this time but encourages further
investigation.

Despite considerable progress in understanding PAK regula-
tion at the molecular level and compelling evidence for the role
of PAK for cell motility and migration in vitro, only a few studies
have addressed its function in disease models. A recent study
suggested PAK’s involvement in Alzheimer disease (40). We
chose a model of ALI because ALI and ARDS cause significant
morbidity and mortality. Recent epidemiologic studies indicate
that the incidence of ARDS is much higher than suggested in
earlier reports (41). Neutrophils are critical to the development,
progression, and prognosis of the disease (2, 42), but, despite
advances in our understanding of the pathophysiology in ALI/
ARDS, molecular mechanisms underlying neutrophil migration
into the lung remain incompletely characterized (43). There are
no therapeutic strategies to reduce PMN migration in ALI/
ARDS. Nonspecific antiinflammatory approaches have failed to
show efficacy (44).

The present data show that neutrophils recruited to inflamed
lung tissue contained PAK phosphorylated at a critical activation
site. When PAK activity is inhibited by an inhibitory PAK pep-
tide, neutrophils that take up the peptide are underrepresented
in the population recruited to the lung tissue. The PAK require-
ment is even more stringent for neutrophils that reach the BAL,
suggesting that PAK is involved in transendothelial and transepi-
thelial migration. Alternatively, PMNs that reach lung intersti-
tium or alveolar airspace might have lost the inhibitory PAK
peptide during their transmigration through the alveolo-capillary
wall, but we found no evidence for the loss of inhibitory PAK
peptide during at least 6 hours. In conclusion, the present studies
suggest that targeting PAK may be useful to control lung injury
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Figure 6. To investigate whether
polymorphonuclear leukocytes
(PMNs) that had taken up the
inhibitory p21-activated kinase
(PAK) peptide retained their LPS-
induced migratory activity into
the lung, mice were injected
with fluorescein isothiocyanate–
labeled PAK peptide and ex-
posed to LPS. After 12 hours,
PMNs (identified as CD45�

GR-1high 7/4high; top panels) in
blood, lung tissue, and bron-
choalveolar lavage (BAL) fluid
were analyzed for their uptake
of the inhibitory PAK peptide
(bottom panels, open histo-
grams). Data are representative
of three experiments. Shaded
histograms indicate background
fluorescence in uninjected mice.

Figure 7. Lung homogenate was analyzed for phospho-PAK (pPAK)-expressing cells. In the resting lung (A ), the majority of all leukocytes (all Leu,
CD45�) were pPAK negative. Characterization of the cell types revealed that lymphocytes (CD45�, GR-1�) did not express pPAK. Some pPAK-
positive polymorphonuclear leukocytes (PMNs) (CD45�, GR-1high) were present in the resting lung. LPS inhalation (B ) led to a marked increase in
pPAK-positive PMNs, whereas most lymphocytes remained pPAK negative. Data are representative of four experiments in each group.
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by reducing excessive PMN infiltration and PMN-dependent
lung damage.
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