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Abstract

Patients with respiratory failure often require supplemental oxygen therapy and 
mechanical ventilation. Although both supportive measures are necessary to guarantee 
an adequate oxygen uptake, they can also cause or worsen lung inflammation and injury. 
Hyperoxia induced lung injury is characterized by infiltration of neutrophils into the lungs. 
Urokinase plasminogen activator receptor (uPAR) has been implicated to be important 
for leukocyte trafficking. To determine the expression and function of neutrophil uPAR 
during hyperoxia induced lung injury, uPAR expression was determined on pulmonary 
neutrophils of mice exposed to hyperoxia. Hyperoxia exposure (O2>80%) during 4 days 
elicited a pulmonary inflammatory response as reflected by a profound rise in the number 
of neutrophils recovered from bronchoalveolar lavage fluid and lung cell suspensions and 
increased bronchoalveolar KC, IL-6, total protein and alkaline phosphatase levels. In 
addition, hyperoxia induced migration of uPAR positive granulocytes into the lungs from 
Wt mice compared to healthy control Wt mice (exposed to room air). uPAR deficiency 
was associated with a diminished neutrophil influx into lung tissue and bronchoalveolar 
space, which was accompanied by a strong reduction in lung injury. Furthermore, in uPAR 
deficient (uPAR-/-) mice, activation of coagulation was diminished. These data suggest that 
uPAR plays a detrimental role in hyperoxia induced lung injury and that uPAR deficiency 
is associated with a diminished neutrophil influx into lung tissue and bronchoalveolar 
space and decreased pulmonary injury.
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Introduction 

Patients with acute lung injury (ALI) or the acute respiratory distress syndrome (ARDS) 
commonly receive supportive care consisting of low tidal volume protective ventilation 
and the administration of high concentrations of inspired oxygen.1,2 Prolonged exposure 
to high oxygen concentrations, however, can worsen or induce lung damage in already 
injured or previously healthy lungs.3 The mechanisms underlying hyperoxia induced lung 
injury are beginning to be understood, despite difficulties in distinguishing the effects of 
exposure to hyperoxia from those of the inciting disease for which oxygen therapy was 
started. Insight into factors involved in hyperoxia induced lung injury could help identify 
possible new targets for improving the management of patients who require supplemental 
oxygen. 

The inflammatory response to hyperoxia is dominated by neutrophils and likely mediated 
by the generation of reactive oxygen species.1,3 The recruitment of neutrophils to the 
lungs upon exposure to hyperoxia has been linked to the local production of CXC 
chemokines and the expression of CXCR2, the predominant neutrophil receptor for 
CXC chemokines in rodents.4-6 In addition, increased expression of adhesion molecules 
on the pulmonary endothelial cell surface has been found to contribute to neutrophil 
trafficking into the bronchoalveolar compartment during hyperoxia.7 We and others 
recently identified a pivotal role for the urokinase plasminogen activator receptor (uPAR, 
CD87) in neutrophil migration to the lungs during bacterial pneumonia.8,9 uPAR is a 
GPI-linked receptor expressed by a variety of cell types, including hemopoietic cells, 
endothelial cells and many different neoplastic cells, that has been implicated as an 
important player in leukocyte trafficking.10,11 At present it is unknown whether uPAR 
is involved in hyperoxia-induced neutrophil migration and lung injury. Therefore, in the 
present study we sought to investigate the expression and function of neutrophil uPAR 
during hyperoxia induced lung inflammation. 

Materials and methods 

Animals
Female upar gene deficient (uPAR-/-) mice on a C57Bl/6 background were from Jackson 
Laboratory (Bar Harbor, Maine). Female wild-type (Wt) C57Bl/6 mice were from Harlan 
Sprague Dawley (Inc., Horst, The Netherlands). All experiments were performed with 
8-10 weeks old mice. The Institutional Animal Care and Use Committee of the Academic 
Medical Center, University of Amsterdam, approved all experiments. 
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Induction of hyperoxia induced lung injury
Before the experiments had started, the mice of both strains had stayed at least one week 
in the animal facility to become acclimatized. Animals of both genotypes were kept in the 
same room. Wt and uPAR-/- mice were exposed to either 80% oxygen or room air (6 liters/
minute) under normobaric pressure in a 90 x 70 x 70 cm chamber. The mice were kept on 
a 12 h light/dark cycle and received food and water ad libitum. 

Tissue handling
Before they were killed at indicated time points, mice were anesthetized with ketamine 
(Eurovet Animal Health BV, Bladel, The Netherlands) and medetomidine (Pfizer Animal 
Health BV, Capelle aan de IJssel, The Netherlands). Lungs were harvested for preparation 
of lung cell suspensions as described.12,13

Bronchoalveolar lavage
In separate mice, not used for pathology or preparation of lung cell suspensions, BALF 
was obtained and differential counts were carried out as described earlier.9,14 Briefly, the 
trachea was exposed through a midline incision and BALF was harvested by instilling and 
retrieving two 0.5-mL aliquots of sterile isotonic saline. Cell counts were determined using 
an automated counter (Beckhalm Coulter, Coulter ZF, Mijdrecht, the Netherlands).

Assays
Lung cell suspensions were stained with antibodies (abs) against Gr1 (fluorescein 
isothiocyanate, Gr1-FITC, BD Pharmingen, San Diego, CA) and uPAR (biotinylated, 
R&D Systems, Minneapolis, MN) and analyzed by flow cytometry using a FACSCalibur 
(Becton Dickinson Immunocytometry Systems, San Jose, CA). Keratinocyte-derived 
chemokine (KC) and interleukin (IL)-6 levels were determined by ELISA (R&D Sytstems, 
Abingdon, United Kingdom). Protein levels were measured using the bicinchoninic acid 
protein kit (Pierce, Rockford, IL) using bovine serum albumin as a standard. Alkaline 
phosphatase levels were determined by a commercially available kit (Sigma Aldrich, St. 
Louis, MO) using a Hitachi analyzer (Boehringer Mannheim, Germany). Thrombin-
anti-thrombin complexes (TATc) were measured by ELISA (Enzygnost TAT Micro, Dade 
Behring, Marburg, Germany). For western blotting of the soluble receptor for advanced 
glycation end-products (sRAGE), 10 µL of BALF was separated by 10% polyacrylamide 
SDS gel electrophoreses and transferred to Immobilon P (Pharmacia, Piscataway, NJ ) 
polyvinylidene difluoride membranes. Membranes were blocked in block buffer containing 

5% nonfat dry milk proteins and 0.1% Tween 20 in 50 mM Tris, 150 mM NaCl (pH 7.4; 
TBS), washed with TBS and incubated overnight with primary antibodies (goat anti-
mouse RAGE polyclonal antibodies (Neuromics, Edina, MN) in block buffer at 4 °C. 

After washing with TBS, membranes were probed with peroxidase-labeled secondary Ab 
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(Cell Signaling Technology, Danvers, MA) for 1 hr at room temperature in TBS. After 
washing with TBS, membranes were incubated with Lumi-LightPlus Western Blotting 
Substrate (Roche, Mijdrecht, The Netherlands) and positive bands were detected using 
a GeneGnome Syngene Bio Imaging System (Syngene, Leusden, The Netherlands). 
Intensity of the bands was quantified using the GeneTools software supplied by Syngene.

Histologic examination
Lungs were fixed in 4% formaldehyde and embedded in paraffin. 4µm thick sections 
were stained with hematoxylin-eosin or periodic acid Schiff after diastase (PAS-D). 
The following parameters were scored: interstitial inflammation, edema, necrosis of the 
bronchial epithelium and hyaline membrane formation. Each parameter was graded 
on a scale of 0 to 4 (0, absent; 1, mild; 2, moderate; 3, severe; and 4, very severe). The 
total histology score was expressed as the sum of the score for all parameters. Neutrophil 
stainings9,14 and fibrin(ogen) stainings15,16 were performed as described. For neutrophil 
staining, slides were deparafinnized and rehydrated. Slides were then digested by a solution 
of pepsin 0.25% (Sigma, St. Louis, MO) in 0.01 M HCl. After being rinsed, the sections 
were incubated in 10% normal goat serum (Dako, Glostrup, Denmark) and then exposed 
to FITC-labeled anti-mouse Ly-6-G monoclonal antibody (Pharmingen, San Diego, CA). 
Endogenous peroxidase activity was quenched by a solution of 0.1% NaN3/0.03% H2O2 
and 3.3’-diaminobenzidin-tetra-hydrochloride (Sigma, St. Louis, MO) in Tris-HCl. The 
sections were mounted in glycerine gelatine without counter staining and analyzed. For 
fibrin(ogen) staining, slides were deparafinnized and endogenous peroxidase activity 
was quenched with a solution of methanol/0.03% H2O2 (Merck, Darmstadt, Germany). 
After digestion with a solution of pepsin 0.25% (Sigma, St. Louis, MO) in 0.01 M HCl, 
the sections were incubated in 10% normal goat serum (Dako, Glostrup, Germany) and 
then exposed to biotin-labeled goat anti-mouse fibrin(ogen) antibody (Ixell, Accurate 
Chemical & Scientific Corp., Westbury, NY). After washes, slides were incubated in a 
streptavidin-ABC  solution (Dako, Glostrup, Germany) and developed using 1% H2O2 
and 3.3’-diaminobenzidin-tetra-hydrochloride (Sigma, St. Louis, MO) in Tris-HCl. 
The sections were mounted in glycerine gelatine without counter staining and analyzed. 
Surface areas immunostained with fibrin(ogen) were analyzed using a DFC500 digital 
camera mounted on a DM5000B microscope (both from Leica Microsystems, Wetzlar, 
Germany). The area for positive for fibrin(ogen) was determined with Image Pro Plus 
(Media Cybernetics, Silver Spring, MD) and expressed as the percentage of the total 
surface area. 
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Statistical analysis
All data are expressed as mean ± SE. Serial data were analyzed using a Kruskal-Wallis and 
Dunn’s post test. Differences between Wt and uPAR-/- mice were analyzed by Mann-
Whitney U test. Values of P < 0.05 were considered to represent a statistically significant 
difference. 

Results 

Kinetics of lung inflammation and injury upon exposure to 80% oxygen
To investigate whether our hyperoxia model induced neutrophil recruitment to the lungs, 
mice were exposed to 80% oxygen and BALF was harvested after 0, 1, 2, 3 and 4 days for 
determination of neutrophil counts. Mice were not followed beyond 4 days since mortality 
occurred from that time point onwards. Neutrophils began to appear in BALF after 3 days 
and were markedly increased at 4 days after the hyperoxic challenge (P < 0.001 versus t = 
0, Figure 1A). In addition, lung cell suspensions of mice exposed to hyperoxia for 4 days, 
contained more neutrophils than those of control mice that were exposed to room air (P 
< 0.001, Figure 1B). To further evaluate the pulmonary responses to oxygen exposure, 
KC and IL-6 were measured in BALF, as well as total protein and alkaline phosphatase (as 
measures of lung injury) (Figure 1C-F, respectively). The concentrations of all parameters 

Figure 1. Pulmonary responses to oxygen 
exposure.  
Wt mice were exposed to 80% oxygen for 
indicated time points (A and C-F) or for 4 
days (B). Neutrophil counts in BALF (A), 
neutrophil counts in lung cell suspensions at 
4 days (B), KC (C), IL-6 (D), total protein (E) 
and alkaline phosphatase (AF) (F) in BALF. 
Data are mean ± SE of 6-8 mice per time 
point. Depicted P values are obtained from 
Kruskal-Wallis tests for analysis of overall 
differences within groups in time (A and 
C-F). * P < 0.05 versus t = 0; ** P < 0.01 
versus t = 0; *** P < 0.001 versus t = 0 (A 
and C-F) as analyzed by Dunn’s post tests 
as described in the Materials and Methods 
section. * P < 0.001 versus Wt mice (B) as 
analyzed by Mann-Whitney test.
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were clearly elevated after 4 days (all P < 0.001 versus t = 0). Further experiments were 
performed using the 4-day time point.

Hyperoxia enhances uPAR expression on neutrophils
uPAR has been implicated in neutrophil recruitment to sites of inflammation, including 
the lungs 8,9. Having shown that oxygen exposure caused an influx of neutrophil into the 
lungs, we next wished to investigate whether hyperoxia induced uPAR expression on 
neutrophils. Therefore, uPAR expression on neutrophils from lung cell suspensions of 
mice exposed to hyperoxia were compared with that of healthy mice (exposed to room 
air) by flow cytometry. Pulmonary neutrophils from mice exposed to hyperoxia displayed 
more uPAR on their cell surface than neutrophils from control mice (P < 0.001 versus 
room air, Figure 2A). Furthermore, pulmonary cell suspensions of hyperoxia challenged 
mice showed a higher percentage of uPAR+ neutrophils (P < 0.001 vs room air, Figure 2B).

Figure 2. Hyperoxia enhances uPAR expression on neutrophils. 
Wt mice were exposed to room air (open bars) or 80% oxygen (closed bars) for 4 days. Lung cell 
suspensions were collected and flow cytometry was performed as described in the Materials and 
Methods section. Results are represented as the mean fluorescence intensity of uPAR surface 
expression (A) and % uPAR+ cells (B) within the Gr1+ neutrophil population. Data are mean ± SE of 
8 mice per time point. *** P < 0.001 versus Wt mice.

uPAR-/- mice show a reduced neutrophil recruitment during hyperoxia
To study the contribution of endogenous uPAR to the influx of neutrophils into the 
lungs during hyperoxia, we exposed Wt and uPAR-/- mice to 80% oxygen and investigated 
neutrophil recruitment to the lungs. In some experiments, control mice were exposed to 
room air. uPAR-/- mice had a reduced influx of neutrophils into the lungs compared to 
the Wt mice, as reflected by lower neutrophil counts in BALF (P < 0.05, Figure 3A). In 
addition, lung cell suspensions of uPAR-/- mice consisted of less neutrophils compared 
to those of Wt mice (P < 0.005, Figure 3B). In line, neutrophil stainings of lung tissue 
showed less neutrophils in uPAR-/- mice than in Wt mice (Figure 3E versus 3D). Together, 
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these data indicate that uPAR deficiency diminishes neutrophil recruitment to the lungs 
upon exposure to hyperoxia.  

uPAR-/- mice demonstrate lower KC and IL-6 concentrations in their lungs
Chemokines and cytokines play an important role during hyperoxia induced lung injury.6,7

Thus, we determined the concentrations of neutrophil chemoattractant KC and IL-6 in 
BALF. The uPAR-/- mice showed reduced levels of both mediators after 4 days (both P 
< 0.05, Figure 4A and B, respectively). Chemoattractant MIP-2 levels did not increase 
during the 4 days of hyperoxia (data not shown). 

uPAR deficient mice show less severe lung injury during hyperoxia
Having shown that uPAR-/- mice displayed a decreased migration of neutrophils to 
the lungs, we next evaluated the role of endogenous uPAR in lung inflammation and 
damage during hyperoxia. Therefore, we analyzed lung tissue slides from Wt and uPAR-

/- mice exposed to hyperoxia for 4 days. Upon histopathological examination, the lungs 
of hyperoxia exposed Wt mice showed interstitial inflammation together with edema 

Figure 3. uPAR-/- mice display reduced neutrophil migration to the lungs.   

Wt (open bars) and uPAR-/- mice (closed bars) were exposed to 80% oxygen and sacrificed after 4 
days. Neutrophil counts in BALF (A) and neutrophil counts in lung cell suspensions (B). Neutrophil 
counts in BALF from healthy control Wt and uPAR-/- mice were low (P < 0.009 for both genotypes) 
and did not differ (data not shown). Data are mean ± SE of 7-10 mice per time point. * P < 0.05 
versus Wt mice; ** P < 0.01 versus Wt mice. Representative neutrophil stainings of lung tissue of 
80% oxygen exposed Wt (D) and uPAR-/- mice (E). Control Wt mice were exposed to room air (C). 
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(Figure 5B versus 5A). Lung inflammation in uPAR-/- mice (Figure 5C) was less profound 
compared with that in Wt mice.  The mean histology score of the lungs (determined using 
the scoring system described in the Materials and Methods section) was significantly 
lower in the uPAR-/- mice (P < 0.05, Figure 5D). In addition, uPAR-/- mice demonstrated 
less necrosis of the bronchial epithelium (Figure 5G, arrow, versus Figure 5F, arrow, P 
< 0.05, Figure 5H). The formation of hyaline membranes is an important characteristic 
of hyperoxia-induced lung injury.17,18 To establish whether the presence of hyaline 
membranes differed between the two mouse strains, we performed PAS-D stainings on 
lung tissue slides. Compared to control mice exposed room air, Wt mice exposed to 80% 
oxygen demonstrated markedly enhanced PAS-D staining when compared to Wt mice 
(Figure 5J, arrows versus 5I). Furthermore, the extent of lung injury was determined by 
measuring alkaline phosphatase and total protein concentrations in BALF;19 both markers 
were reduced in uPAR-/- mice compared to Wt mice (both P < 0.05, Figure 6A and 6B). 
sRAGE has been recently described  as a marker of lung injury based on experimental 
studies in rats and in patients with ALI.20 To establish whether this model is associated 
with increased levels of sRAGE in the bronchoalveolar space, we performed Western blot 
analysis on BALF samples from healthy control mice and mice exposed to 80% oxygen 
for 4 days and generated semi-quantitative data by densitometric evaluation. Hyperoxia 
elicited increased sRAGE concentrations in BALF, as shown in Figure 6C. Importantly, 
uPAR-/- mice demonstrated significantly lower sRAGE levels in BALF than Wt mice after 
exposure to hyperoxia (P < 0.005, Figure 6D). In conclusion, these data strongly suggest 
that uPAR-/- mice show less severe lung injury after exposure to hyperoxia. 

Figure 4. uPAR deficiency diminishes KC and IL-6 release.
Wt (open bars) and uPAR-/- mice (closed bars) were exposed to either 80% oxygen or room air (control 
mice) and sacrificed after 4 days. KC (A) and IL-6 (B) were measured in BALF. Data are mean ± SE of 
7-10 mice per time point. Levels of healthy Wt and uPAR-/- mice were below detection limit for both KC 
and IL-6 (data not shown). * P < 0.05 versus Wt mice; ** P < 0.01 versus Wt mice. 
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uPAR-/- mice demonstrate enhanced activation of pulmonary coagulation
Pulmonary coagulopathy is an important feature of acute lung injury in patients21,22 
and of hyperoxia-induced lung injury in experimental animal models.17 To establish 
whether our hyperoxia model is associated with activation of pulmonary coagulation, we 
performed fibrin(ogen) stainings on lung tissue slides (semi-quantified as described in 
the Materials and Methods section) and measured TATc levels in BALF after exposure 

Figure 5. Lungs of uPAR-/- mice show less injury.
Representative HE stainings of lung tissue of Wt mice exposed to room air (control, A and E) and of 
Wt (B and F) and uPAR-/- mice (C and G) exposed to 80% oxygen for 4 days. Original microscopic 
magnification A-C: x20. Graphical representation of the mean histology score of lung inflammation 
(D) determined according to the scoring system described in the Materials and Methods section. 
Arrow in E indicates bronchial epithelium of a (healthy) lung from Wt mouse exposed to room 
air. Less profound necrosis of the bronchial epithelium was observed in the uPAR-/- mice (G, 
arrow) compared with Wt mice (F, arrow). Original microscopic magnification E-G: x10. Graphical 
representation of the degree of necrosis of bronchial epithelium (H) determined according to the 
scoring system described in the Materials and Methods section. Representative PAS-D stainings 
of lung tissue of Wt mice exposed to room air (control, I) and of hyperoxia exposed Wt (J, arrows 
indicate enhanced PAS-D staining, indicative for hyaline membranes) and uPAR-/- mice (K). Original 
microscopic magnification I-K: x20. * P < 0.05 versus Wt mice . 



uPAR in hyperoxia induced lung injury

245

to 80% oxygen. Both Wt and uPAR-/- mice displayed strong evidence for pulmonary 
activation of coagulation: relative to healthy control mice, lungs of both mouse strains 
revealed markedly more fibrin(ogen) depositions (Figure 7A-D) and strongly elevated 
TATc concentrations in BALF (Figure 7E). Importantly, activation of coagulation was 
less profound in uPAR-/- mice, as reflected by diminished fibrin(ogen) deposition and 
lower BALF TATc levels (both P < 0.05 versus Wt mice, Figure 7B-E). Together, these 

Figure 6. Lower total protein and alkaline phosphatase levels in uPAR-/- mice.
Wt (open bars) and uPAR-/- mice (closed bars) were exposed to either 80% oxygen (A-D) or room air 
(control mice, C) and sacrificed after 4 days. Total protein (A) and AF (B) were measured in BALF. 
Levels of healthy Wt and uPAR-/- mice were 23.4 ± 1.9 and 7.6 ± 3.8, respectively, for total protein 
and below detection limit for alkaline phosphatase (data not shown). Western blot was performed 
for soluble receptor for advanced glycation end products (sRAGE) in BALF of healthy control 
mice (C) and of mice exposed to hyperoxia (C and D). Semiquantitative data were generated by 
densitometric evaluation of Wt versus uPAR-/- mice 4 days after oxygen exposure (D). AU = arbitrary 
units. Data are mean ± SE of 6-10 mice per genotype. * P < 0.05 versus Wt mice; ** P < 0.01 versus 
Wt mice; *** P < 0.001 versus Wt mice. 
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data indicate that uPAR deficiency reduces the activation of coagulation in the lungs 
during hyperoxia induced lung injury. 

Discussion

Although the oxygenation of hypoxic patients with ALI or ARDS is an important and 
life-saving therapeutic measure, exposure to high oxygen concentrations via the airways 
can cause severe damage the lungs. In the present study we sought to obtain insight into 
the contribution of uPAR to hyperoxia induced lung injury. To the best of our knowledge, 
we here for the first time demonstrate that hyperoxia results in the recruitment of uPAR+ 
neutrophils to the lungs in vivo. These results extend previous studies showing upregulation 

Figure 7. uPAR-/- mice demonstrate decreased local activation of coagulation.
Wt and uPAR-/- mice were exposed to 80% oxygen. Control mice were exposed to room air. 
Representative fibrin(ogen) immunostaining of lung tissue of control mice (A) and of Wt and uPAR-

/- mice exposed to hyperoxia for 4 days (B and C, respectively). Original magnification x4. Graphical 
representation of the % of the total area with positive fibrin(ogen) staining (D) according to the 
scoring system described in the Materials and Methods section. Thrombin-antithrombin complex 
(TATc) concentrations were measured in BALF (E). Data are mean ± SE of 7-10 mice per time point. 
* P < 0.05 versus Wt mice; ** P < 0.01 versus Wt mice. Dotted lines represent the mean values 
obtained from normal mice (exposed to room air).
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of uPAR RNA levels during hyperoxia in vivo in premature murine pups23 and showing an 
increase of uPAR expression on isolated human neutrophils upon activation with TNF-α, 
MPA and fMLP in vitro24, the latter study describing enhanced uPAR expression due 
to translocation of intracellular uPAR reservoirs to the plasma membrane. Activation 
of neutrophils is an important feature of hyperoxia induced lung injury and several 
mediators could have attributed directly or more indirectly to uPAR upregulation in our 
model, e.g. several cytokines24 and reactive oxygen species.25 Further research is warranted 
to investigate what mechanisms underlie induction of neutrophil surface uPAR during 
hyperoxia. 
uPAR deficiency was associated with a diminished neutrophil influx into lung tissue and 
the bronchoalveolar space, which was accompanied by a strong reduction in lung injury. 
These results show for the first time that uPAR plays a detrimental role during hyperoxia-
induced lung injury.  

uPAR is a multifunctional protein involved in different inflammatory responses, including 
cell-associated proteolysis, cell adhesion, chemotaxis, cell migration and proliferation10,11 
uPAR lacks an intracellular domain and therefore is not able to directly activate 
intracellular pathways; instead, uPAR can induce cellular responses by interacting with 
other molecules, including integrins. Neutrophil emigration from the lung circulation is 
unique in that it can proceed via two distinct pathways: one that requires the β2 integrin 
CD11b/CD18 and one that does not.26,27 uPAR has been implicated as a modulator 
of β2 integrin function, especially that of CD11b/CD18.8,28,29 During gram-negative 
pneumonia caused by Pseudomonas aeruginosa uPAR was required for the recruitment 
of neutrophils to the lungs by a mechanism that involved CD11b/CD18.8 Of interest, 
however, our laboratory previously showed that uPAR also mediated neutrophil influx 
into the lungs during pneumonia caused by Streptococcus pneumoniae,9 although in this 
gram-positive respiratory tract infection model neutrophil migration has been established 
to proceed via a CD11b/CD18 independent mechanism.30,31 The influx of neutrophils 
into the lungs upon exposure to hyperoxia occurs via mechanisms that do not rely on 
CD11b/CD18.32 The current study firmly establishes that uPAR expression contributes 
to neutrophil recruitment during hyperoxia: uPAR-/- mice displayed less neutrophils 
in BALF and whole lung cell suspensions, as well as in lung tissue. Together these data 
strongly suggest that uPAR mediates neutrophil trafficking during hyperoxia-induced 
lung inflammation by a pathway that, similar to its role in pneumococcal pneumonia,9 
is independent of an interaction with CD11b/CD18, thereby further confirming that 
uPAR and CD11b/CD18 are not necessarily functionally linked during the process of 
neutrophil migration to the lungs.

uPAR-/- mice not only demonstrated a diminished neutrophil influx, but also less lung 



Chapter 14

248

injury. Indeed, uPAR deficiency was associated a relative protection against epithelial 
cell injury, as demonstrated by histopathology (revealing marked reductions in hyaline 
membrane formation and epithelial cell necrosis), lower concentrations of total protein 
in BALF and a diminished release of alkaline phosphatase and sRAGE (indicative of 
type II and type I alveolar epithelial cell injury respectively19,20) in the bronchoalveolar 
space. Several studies have indicated that neutrophils may contribute to hyperoxia-
induced lung injury, but are not absolutely required. Indeed, neutrophil depletion using 
nitrogen mustard only partially reduced hyperoxia-induced lung edema in rabbits,33 
whereas neutropenia accomplished by cyclophospamide did not alter the increased lung 
permeability associated with hyperoxia in rats.34 Furthermore, in the most recent study 
antibody mediated depletion of neutrophils did not impact on lung edema or protein 
leak upon exposure of mice to hyperoxia.7 However, inhibition of neutrophil influx 
during hyperoxia by blocking or elimination of neutrophil CXCR2 receptors strongly 
attenuated lung injury.6,35 Of interest, recent evidence indicates that uPAR is expressed by 
respiratory epithelial cells.36,37 At present it is unknown if and how epithelial cell uPAR 
impacts on hyperoxia-induced lung injury. 

ALI and ARDS are associated with a disturbance of the procoagulant-anticoagulant 
balance within the bronchoalveolar space resulting in intrapulmonary fibrin deposition.21,22 
In accordance, rodents exposed to hyperoxia demonstrated fibrin deposition in their 
lungs upon exposure to hyperoxia.17,23 We here confirm and extend these previous 
findings, showing that inhalation of 80% oxygen for 4 days results in fibrin deposition in 
lung tissue accompanied by a rise in TATc concentrations in BALF. Remarkably, uPAR-

/- mice displayed less fibrin deposition when compared with Wt mice upon exposure 
to hyperoxia. This finding may be counterintuitive considering that uPAR has been 
implicated in cell-associated fibrinolytic activity mediated by uPA.10,11 However, it should 
be noted that uPA-/- mice were earlier found to have an unaltered response to hyperoxia, 
including intraalveolar fibrin deposition.17 Together these data suggest that uPAR/uPA 
do not have a major impact on fibrin clearance in the lung during hyperoxia, and that 
the enhanced activation of pulmonary coagulation in uPAR-/- mice likely reflects the 
overall increased injurious response in the airways. Moreover, the fact that uPA-/- mice 
responded to hyperoxia with unaltered septal thickening and epithelial cell injury,17 
strongly suggests that the beneficial phenotype of uPAR-/- mice described here is related 
to an uPA independent mechanism. This is not unprecedented considering earlier reports 
on uPAR dependent cell recruitment via uPA independent mechanisms.9,29,38 

We here show that hyperoxia results in the influx of uPAR+ neutrophils into lung tissue 
and the bronchoaveolar space. The contribution of uPAR in hyperoxia induced lung 
injury was demonstrated using uPAR-/- mice, which displayed less neutrophil influx, less 
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lung injury and less pulmonary coagulation. Inhibition of uPAR may be a novel strategy 
to reduce the lung injury that accompanies oxygen therapy. 
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