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Failure to express the P-selectin gene or P-selectin blockade
confers early pulmonary protection after lung
ischemia or transplantation
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ABSTRACT Endothelial P-selectin expression contrib-
utes to the first wave of neutrophil (polymorphonuclear
leukocyte; PMN) influx in several inf lammatory conditions.
Although remote tissue ischemia, such as a crush injury to the
hindlimb, may result in P-selectin-mediated pulmonary leu-
kosequestration, it is not known whether the lungs exhibit a
similar response after hypothermic preservation or when
subjected to a direct ischemic insult. To determine if P-selectin
may mediate early primary graft failure, left lungs harvested
from male Lewis rats were preserved for 6 hr at 4&C and
transplanted orthotopically into isogeneic recipients. Recipi-
ents immunodepleted of PMNs before transplantation dem-
onstrated improved graft function; pulmonary vascular resis-
tance was reduced'6-fold, arterial oxygenation was increased
'3-fold, and recipient survival was increased '4-fold (P <
0.05, 0.05, and 0.005, respectively). Administration of a block-
ing anti-P-selectin IgG 10 min before reperfusion diminished
graft PMN infiltration and resulted in improved graft func-
tion and recipient survival compared with controls. To estab-
lish the role of P-selectin in normothermic pulmonary isch-
emia, mice were subjected to temporary left pulmonary artery
ligation. After functional removal of the nonischemic right
lung, mice deletionally mutant for the P-selectin gene (P-
selectin 2y2) exhibited reduced PMN infiltration ('2-fold),
improved arterial oxygenation ('2-fold), and improved sur-
vival ('3-fold) compared with P-selectin 1y1 control mice
(P < 0.05, 0.01, and 0.05, respectively). These studies isolate
and identify the central role of a single gene product (P-
selectin) in early PMN recruitment and tissue injury after
frank pulmonary ischemia and in the setting of lung trans-
plantation after hypothermic preservation.

Local P-selectin expression participates in neutrophil (poly-
morphonuclear leukocyte; PMN) recruitment and tissue dam-
age in settings of acute inflammatory lung injury, but it is not
known whether frank pulmonary ischemia triggers P-selectin-
dependent tissue injury. Although there are multiple overlap-
ping mechanisms by which PMNs adhere to activated endo-
thelium (1–5), the rapidity with which PMNs accumulate in a
poorly preserved pulmonary graft suggests that P-selectin-
mediated PMN–endothelial interactions might be involved.
P-selectin, a membrane-spanning glycoprotein that mediates
the initial decelerating adhesion between PMNs and endothe-
lial cells, may be rapidly translocated to the endothelial cell
plasmalemma from a preformed storage pool within Weibel–
Palade bodies (6–9). Because of the rich vascularity of the
lungs, this translocation is likely to be an especially important
problem during lung transplantation. In addition to P-selectin

expression, which may occur during an intravascular decline in
oxygen tension during organ preservation (10), aerated and
reperfused lungs generate a veritable firestorm of reactive
oxygen intermediates, which may themselves trigger Weibel–
Palade body exocytosis (9).
In the heart (10–12) and brain (13), reperfusion injury can

be attenuated by strategies that reduce selectin- or integrin-
mediated PMN adhesion. However, factors governing PMN–
endothelial interactions in the lungs may not be the same as
those in the systemic vascular bed (14). In the case of integrins,
for instance, CD18-dependent PMN emigration within the
lungs was shown to be stimulus-specific, in contrast to the
observation that antibody to CD18 blocked PMN emigration
in the systemic vascular bed regardless of the inciting stimulus
(15). Although in the setting of cobra venom factor adminis-
tration (16, 17), the lungs exhibit P-selectin- and PMN-
dependent tissue damage, the P-selectin-dependence of tissue
injury in the lungs subjected to a direct ischemic insult is not
known. In a rat model of ischemia reperfusion injury involving
the crural muscle mass, local injury to the muscle was found to
be P-selectin-independent (18). However, in this same model,
remote injury to the lungs was noted to be P-selectin-
dependent, but only under certain conditions (18). In another
model of remote (intestinal) ischemia reperfusion, pulmonary
microvascular injury appears to be P-selectin-dependent (19).
These data underscore the fact that the selectin requirements
for PMN adhesionmay vary depending on the vascular bed and
conditions under study.
The current studies were undertaken to gain insights into

pathophysiologic mechanisms that may be operative within the
vasculature of lungs subjected to a direct ischemic insult, as
may occur in a variety of clinical settings, such as lung
preservation for transplantation, cardiopulmonary bypass for
cardiac operations, routine lung surgery, or diseases such as
pulmonary embolism. In certain instances, such as primary
lung graft failure, the reasons for graft failure are often
unexplained, but the consequences are dire (20). To test
whether early pulmonary graft dysfunction might be, at least
in part, P-selectin-dependent, experiments were performed
using a monoclonal antibody directed against a functional
epitope of P-selectin in a rat lung preservationytransplantation
model, as well as in a murine pulmonary ischemiayreperfusion
model using mice deletionally mutant for the P-selectin gene.

METHODS

Rat Orthotopic Left Lung Transplant Model. Inbred male
Lewis rats (250–300 gm) were used for all experiments ac-
cording to a protocol approved by the Institutional Animal
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Care and Use Committee at Columbia University, in accor-
dance with guidelines of the American Association for the
Accreditation of Laboratory Animal Care. Donor rats were
given 500 units of heparin intravenously, and the pulmonary
artery (PA) was flushed with a 30-ml volume of 48C preser-
vation solution at a constant pressure of 20 mmHg (1 mmHg5
133 Pa). The left lung was then harvested, a cuff was placed on
each vascular stump, a cylinder was inserted into the bronchus,
and the lung was submerged for 6 hr in 48C preservation
solution. For all experiments, the preservation solution con-
sisted of modified Euro-Collins solution (Baxter Healthcare,
Mundelein, IL; 10 meq/liter Na1y115 meq/liter K1y15 meq/
liter Cl2y85 meq/liter HPO422y15 meq/liter H2PO42y10 meq/
liter HCO32), modified by adding 10 ml of 10% magnesium
sulfate and 50 ml of 50% glucose solution per 1000 ml.
Genderystrainysize-matched rats were anesthetized, intu-
bated, and ventilated with 100% O2 using a rodent ventilator
(Harvard Apparatus). Orthotopic left lung transplantation
(21) was performed through a left thoracotomy using a rapid
cuff technique for all anastomoses, with warm ischemic times
maintained below 5 min. The hilar cross-clamp was then
released, reestablishing blood flow and ventilation to the
transplanted lung. The right lung was then functionally re-
moved from the recipient immediately after left lung implan-
tation. This was accomplished by passing a loose ligature
around the right PA, introducing Millar catheters (2F; Millar
Instruments, Houston) into the main PA and the left atrium,
and placing a Doppler flow probe (Transonics, Ithaca, NY)
around the main PA. The ligature was then tightened after
baseline measurements were recorded (see below). The reason
we chose to functionally eliminate the unaffected (right) lung
was as follows. In preliminary studies, when the right lung was
left functionally intact, we were unable to discriminate differ-
ences in PA flow, arterial oxygenation, or recipient survival
related to the severity of the ischemic insult to the left lung
(caused by increasing the duration of hypothermic preserva-
tion). Only in those instances in which the right pulmonary
artery was ligated were we able to discriminate degrees of
tissue injury to the left lung, and therefore, for the experiments
presented in this paper, we employ the lung transplant model
in which the right lung is functionally removed after left lung
transplantation.
For certain experiments, recipient rats were immunode-

pleted of PMNs by a single intravenous injection of polyclonal
rabbit anti-rat PMN antibody (a-PMN, '1.0 mgykg, Accurate
Scientific, Westbury, NY; refs. 10 and 22) 24 hr before
transplantation. PMN depletion in these animals was con-
firmed by counting remaining PMNs, identified on Wright–
Giemsa-stained smears of peripheral blood. In other experi-
ments, blocking anti-P-selectin monoclonal IgG (a-PS, '1.0
mgykg of monoclonal antibody PB1.3 generously provided by
Cytel, San Diego; refs. 11 and 18), nonblocking anti-P-selectin
monoclonal IgG [NBa-PS, '1.0 mgykg of monoclonal anti-
body AC1.2 (10, 23, 24), Becton Dickinson], or nonimmune
mouse IgG (control, '1.0 mgykg, Sigma) was used. These
antibodies were given intravenously to the recipient 10 min
before reperfusion.
Online hemodynamic monitoring was accomplished using

MacLab and a Macintosh IIci computer. Measured hemody-
namic parameters included left atrium and PA pressures
(millimeters of mercury), and PA flow (milliliters per minute).
Arterial oxygen tension (PO2, millimeters of mercury) was
measured during inspiration of 100%O2 using a model ABL-2
gas analyzer (Radiometer, Copenhagen) from a 0.3-ml sample
of left atrial blood. Pulmonary vascular resistance was calcu-
lated as (mean PA pressure 2 left atrium pressure)ymean PA
flow and expressed as millimeters of mercury per milliliter per
minute. After baseline measurements, the native right PA was
ligated, and serial hemodynamic measurements were taken
every 5 min until the time of euthanasia at 30 min (or until

recipient death). In addition to hemodynamic measurements,
blood for arterial blood gas analysis was sampled at baseline
and at the final time point. Neither the surgical procedure itself
nor this amount of blood sampling was associated with signif-
icant blood loss, either by visual inspection or by serial
measurements of hematocrits in eight representative animals
(hematocrit 46.16 0.5 to 46.56 0.9 at the start and conclusion
of surgery, respectively, P 5 not significant).
Murine Pulmonary Ischemia and Reperfusion Model. To

study the role of a single gene product in pulmonary ischemia
using transgenic mice, we developed a new murine model of
pulmonary ischemia and reperfusion. P-selectin null mice
(P-selectin 2y2) and their wild-type controls (P-selectin
1y1; provided by D. Wagner; ref. 25) were used in these
experiments according to a protocol approved by the Institu-
tional Animal Care and Use Committee at Columbia Univer-
sity, in accordance with guidelines of the American Associa-
tion for the Accreditation of Laboratory Animal Care. After
appropriate anesthesia, mice were placed on a Harvard ven-
tilator (tidal volume 5 0.75 ml, respiratory rate 5 180ymin)
and ventilated with 100% O2, and underwent bilateral thora-
cotomy. The left pulmonary artery was cross-clamped for a
period of 30 or 60 min, the cross-clamp was released, and then
the contralateral (right) PA was permanently ligated, so that
the animal’s survival and gas exchange depended solely upon
the reperfused lung. Lung function was ascertained by arterial
blood gas analysis (sampled from the left ventricle) 30 min
after reperfusion or at the time of recipient death, and survival
was recorded at the 30-min time point after ligation of the right
PA.
Myeloperoxidase Assay. Thirty minutes after ligation of the

native right PA, or at the time of recipient death, transplanted
(rat) or ischemicyreperfused (mouse) lungs were removed,
rinsed briskly in physiologic saline, and snap-frozen in liquid
nitrogen until the time of the myeloperoxidase assay. Tissue
was homogenized in phosphate buffer (50 mM, pH 5.5)
containing hexadecyltrimethyl ammonium bromide (HTAB,
0.5%, Sigma). The assay was performed, as described (26), by
thawing the sample, centrifuging at 40,000 3 g for 15 min, and
decanting the supernatant, which was assayed for myeloper-
oxidase activity using a standard chromogenic spectrophoto-
metric technique in which test sample (0.03 ml) was added to
phosphate buffer (0.97 ml) containing O-dianisidine dihydro-
chloride (Sigma) and hydrogen peroxide (0.0005%). Change in
absorbance at 460 nm was measured over 1 min (increase in
OD was linear over this time interval). Rat lungs were suffi-
ciently large to add 5 mlyg HTAB buffer to tissue before
homogenization, so that myeloperoxidase activity was ex-
pressed as DA460ymin. For mouse lungs, 2 ml of HTAB buffer
was added to each sample. In this latter case, protein concen-
tration after homogenization was measured, and myeloperox-
idase activity was expressed as DA460yminymg of protein.
Statistics. The Mann–Whitney U test was used to compare

different conditions. Animal survival data were analyzed by
contingency analysis using the x2 statistic. Values are ex-
pressed as the mean 6 SEM, with differences considered
statistically significant if P , 0.05.

RESULTS

Rat Lung Transplant Model. To determine whether sub-
jecting a richly vascularized organ such as the lungs to hypo-
thermic preservation and transplantation may result in P-
selectin-dependent PMN adhesion and pulmonary dysfunc-
tion, experiments were performed in an orthotopic rat left lung
transplant model in which the right lung was functionally
removed after left lung implantation (21). This model was
adopted based upon published procedures (21, 27–30), as well
as preliminary data demonstrating that, if the right lung were
left intact, then the severity of the ischemic insult to the left
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lung could not be gauged by pulmonary functional or survival
parameters, due to compensation from the relatively largery
unaffected right lung. To demonstrate that PMNs were re-
sponsible, at least in part, for early graft failure in lungs
subjected to prolonged (6-hr) hypothermic preservation, ex-
periments were performed using PMN-depleted recipient rats.
The polyclonal rabbit anti-rat PMN used in these experiments
eliminated virtually all circulating PMNs in the recipients, with
little effect on other cell types (10, 22). When lungs were
transplanted into the PMN-free reperfusion milieu, graft
myeloperoxidase activity was significantly reduced compared
with grafts transplanted into control recipients that had re-
ceived nonimmune IgG 10 min before reperfusion (Fig. 1). In
parallel with reduced graft PMN infiltration, recipient PMN
depletion significantly reduced pulmonary vascular resistance
(Fig. 2A), increased PA flow (Fig. 2B), improved arterial
oxygenation (Fig. 2C), and improved recipient survival (Fig. 3)
after lung transplantation. To determine whether the benefit
of recipient neutrophil depletion persisted beyond the 30-min
observation period, additional experiments were performed in
neutrophil-depleted recipients which were not euthanized at
30 min. These experiments (n 5 4) demonstrated a mean
survival time of 6.0 6 2.4 hr after transplantation and ligation
of the right PA (these animals required additional doses of
anesthetic agents during the extended observation period).
To establish the P-selectin dependence of early posttrans-

plant PMN accumulation and tissue damage, separate exper-
iments were performed in which recipient rats were infused
with a functionally blocking anti-P-selectin IgG 10 min before
reperfusion. Grafts transplanted into recipients that had re-
ceived this blocking antibody showed reduced graft myeloper-
oxidase activity (Fig. 1) and improved graft function (Fig. 2)
compared with either control rats which received nonimmune
IgG or rats that had received a nonblocking anti-P-selectin
antibody before transplantation. In parallel with these func-
tional improvements, rats which had received the blocking
anti-P-selectin IgG demonstrated improved survival (Fig. 3).
Murine Model of Pulmonary Ischemia and Reperfusion. To

define the role of P-selectin after normothermic pulmonary
ischemia and reperfusion, experiments were performed using
a murine model. Homozygous null P-selectin mice (P-selectin

2y2; ref. 25) which were subjected to 30 min of pulmonary
ischemia followed by reperfusion showed a trend toward
reduced PMN infiltration (Fig. 4A), improved arterial oxygen-
ation (Fig. 4B), and improved survival (Fig. 5). When the
ischemic duration was extended to 60 min, the P-selectin 2y2
mice showed significant protection from pulmonary ischemia
and reperfusion injury, demonstrated by significant reductions
in PMN infiltration, improved arterial oxygenation, and im-
proved survival compared with wild-type (P-selectin 1y1)
mice subjected to identical procedures. (Figs. 4 and 5). When
additional experiments (n 5 6) were performed to determine
whether P-selectin 2y2 mice subjected to the more stringent
(60 min) ischemic protocol followed by right PA ligation could
survive beyond 30 min, mean survival time was 83.36 16 min.
Again, as for the longer observation experiments in rats, mice
subjected to 60 min ischemia and extended observation re-
quired repeated doses of anesthetic agents during the course
of experiments.

FIG. 1. Effects of recipient neutropenia or P-selectin blockade on
graft PMN accumulation. All lung transplants were performed after
6 hr of hypothermic preservation in Euro-Collins solution. Neutrope-
nia was established by immunodepleting recipient PMNs using an
anti-rat PMN antibody given intravenously 24 hr before transplanta-
tion [PMN(2), n 5 6]. P-selectin blockade was accomplished using a
blocking anti-P-selectin IgG given intravenously to recipients 10 min
before reperfusion (a-PS, n 5 8). Comparison is made with controls
treated with nonimmune IgG (Control, n 5 8) or recipients treated
with isotype-matched NBa-PS (n 5 5). Myeloperoxidase activity
(MPO;DAbs 460 nmymin) was used to quantify graft PMN deposition.
Data are presented as the mean 6 SEM. ppp, P , 0.005 vs. Control;
‡, P , 0.05 and ‡‡, P , 0.01 vs. NBa-PS.

FIG. 2. Effects of recipient neutropenia or P-selectin blockade on
hemodynamic and functional indices of lung preservation. Conditions
are identical to those described in the legend to Fig. 1. After ligation
of the native right pulmonary artery, measurements were recorded at
the final time at which the recipient was alive or at 30 min if the animal
survived to that time. (A) Pulmonary vascular resistance. (B) Pulmo-
nary arterial f low. (C) Arterial oxygenation. Data are presented as the
mean 6 SEM. Controls, n 5 8; NBa-PS, n 5 5; a-P-selectin, n 5 8;
PMN(2), n 5 6. p, P , 0.05 and ppp, P , 0.005 vs. Control; ‡, P ,
0.05 vs. NBa-PS.

FIG. 3. Effects of recipient neutropenia or P-selectin blockade on
recipient survival. Lung transplants were performed in nonimmune
IgG-treated recipients (Control, n 5 8), recipients treated with
NBa-PS (n5 5) or blocking anti-P-selectin antibody (a-P-selectin, n5
8), or recipients immunodepleted of PMNs [PMN(2), n 5 6]. Exper-
iments were performed as described in the legend to Fig. 1. p, P, 0.05
and ppp, P, 0.005 vs. Control; ‡, P, 0.05 and ‡‡, P, 0.01 vs. NBa-PS.
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DISCUSSION

Neutrophil recruitment into postischemic loci entails a series
of overlapping adhesion mechanisms that are somewhat re-
dundant (1–5). It is often not clear which molecules are the
critical mediators of PMN adhesion under given conditions.
For both integrins (15) and selectins (18, 19), there are
instances in which the stimuli that induce PMN adhesion vary
depending upon the vascular bed under study. Although
interleukin-8, P-selectin, and intercellular adhesion mole-
cule-1 function as important inflammatory mediators in a
variety of settings (10, 13, 31–34), the pathophysiological role
of P-selectin in the postischemic lungs has received little
attention. P-selectin, a membrane-spanning glycoprotein ex-

pressed by activated endothelial cells and platelets, binds to
sialylated carbohydrate ligands on PMNs to decelerate them in
their rapid transit through the vasculature. In a murine model
of peritoneal inflammation, failure to express P-selectin delays
PMN accumulation and subsequent peritonitis but does not
otherwise modify the clinical course (25). In the heart, P-
selectin expression appears to be an important mediator of
PMN adhesion and tissue injury after ischemia (10, 11).
Although P-selectin mediates PMN capture in the lungs after
intravenous infusion of cobra venom factor (16, 17) or after
ischemia in remote regions such as the hindlimb (18) or gut
(19), the role of P-selectin expression after hypothermic
pulmonary preservation or frank pulmonary ischemia has not
been previously reported. The current studies are the first, to
our knowledge, to demonstrate not only that P-selectin par-
ticipates in PMN capture after normothermic or hypothermic
pulmonary ischemia, but also that this participation is patho-
physiologically significant.
There are a number of relevant stimuli during pulmonary

ischemia or reperfusion that may trigger P-selectin expression
(9, 10, 16–19). P-selectin, stored in subplasmalemmal Weibel–
Palade bodies (6), may be rapidly expressed at the endothelial
surface after a period of oxygen deprivation (10) or in an
oxidant-rich vascular milieu (9). These observations may be
particularly relevant to lung transplantation, during which
there is a transition from profound ischemia during circulatory
arrest and preservation to one in which there are abundant
reactive oxygen species in the aerated and reperfused lungs
after transplantation. Although oxygen-starved endothelial
cells undergo striking phenotypic modulation to become pro-
thrombotic and proinflammatory, many of these processes
require de novo protein synthesis (31, 35, 36). P-selectin, which
is largely preformed, is therefore a likely molecular candidate
to participate in early PMN capture after hypothermic lung
preservation. Although the current studies do not rule out
important roles of other cell adhesion receptors, they do
identify a critical pathophysiological role for P-selectin in early
posttransplant lung graft failure. Furthermore, the experi-
ments in which P-selectin null mice demonstrate significant
protection against early tissue injury after normothermic
pulmonary ischemia help to clearly identify the role of a single
gene product, P-selectin, in the pathophysiology of lung isch-
emia and reperfusion.
One technical limitation of the current study is related to the

extreme stringency of the surgical conditions. In the left lung
transplant model, failing to ligate the right PA prohibits
discrimination of the functional severity of injury to the
transplanted (left) lung. Therefore, because in the model used
for the present studies the right PA is ligated, forcing all
ventilation and perfusion to the transplanted lung, this model
is perhaps more relevant to double-lung than to single-lung
transplantation in humans. The 30-min posttransplant obser-
vation period was selected so as to study early mediators of
primary graft failure and to facilitate comparison with previ-
ously published studies (21, 27–30). Although longer survival
(beyond the predefined 30-min period) was possible in both
PMN-depleted transplant recipients and P-selectin-deficient
mice, surgical considerations such as the need for repeated
doses of anesthetic agents, self-extubation of animals, etc.,
make it difficult to precisely determine the outer limit of
survival under these extremely stringent conditions. Neverthe-
less, the fact that human lung grafts can fail within minutes to
hours of reperfusion (20) suggests that the time frames
achieved in the current experiments can provide insights into
clinically relevant potential mechanisms of primary lung graft
failure.
This study contributes to the emerging data regarding the

detrimental role of PMNs during the vulnerable early reper-
fusion period after lung transplantation (28, 30, 37, 38). There
are likely to be several explanations for PMN-mediated pul-

FIG. 4. Effect of P-selectin gene expression on lung PMN seques-
tration (A) and function (B) after frank pulmonary ischemia and
reperfusion. Amurine pulmonary ischemia and reperfusionmodel was
used; in this model, the left pulmonary artery was cross-clamped for
a period of 30 or 60 min, after which the cross-clamp was released and
the contralateral (right) pulmonary artery was permanently ligated.
PMN infiltration into the postischemic lung was measured as myelo-
peroxidase activity as described in Methods. Arterial oxygenation
(pO2) was measured from a sample of left atrial blood. Tissue and
blood samples were obtained 30 min after ligation of the right
(nonischemic) pulmonary artery, or just before death if the animal
failed to survive for 30 min [n 5 5 each for P-selectin null mice
(P-selectin 2y2) and wild-type controls (P-selectin 1y1) at 30 min
ischemia, and n5 10 each for P-selectin2y2 and P-selectin1y1mice
at 60 min ischemia). Data are presented as the mean 6 SEM.

FIG. 5. Effect of P-selectin gene expression onmouse survival after
frank pulmonary ischemia and reperfusion. Ischemic durations are
shown. Animal survival was recorded at the 30-min time point after
ligation of the right (nonischemic) pulmonary artery [n 5 5 each for
P-selectin null mice (P-selectin 2y2) and wild-type controls (P-
selectin1y1) at 30 min ischemia, and n5 10 each for P-selectin2y2
and P-selectin 1y1 mice at 60 min ischemia). Data are presented as
the mean 6 SEM.
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monary tissue damage. PMNs, as sentinels of the immune
system, are laden with tissue-destructive enzymes and may be
activated to release both toxic oxidants and acids (39). When
activated, PMNs increase in size and stiffness, which facilitates
their trapping in alveolar capillaries and precapillary vessels
(14, 40, 41). This may contribute to the no-reflow phenome-
non, wherein a tissue fails to reperfuse despite restoration of
adequate perfusion pressures (42–44). Current optimal clini-
cal pulmonary preservation strategies, which consist of hypo-
thermic lung storage in an electrolyte solution with no form of
reperfusion therapy (45), miss the chance to mitigate delete-
rious PMN–endothelial adhesive interactions. Not surpris-
ingly, early and unexplained lung graft failure occurs in human
lung transplantation, with dire clinical consequences (20).
Data from the current study suggest that strategies that target
PMN–endothelial interactions during pulmonary reperfusion
can improve both early posttransplant graft function and
recipient survival. Because the anti-P-selectin antibody we
have used (PB1.3) has been humanized for potential clinical
use (M. Laurie Phillips, personal communication), and be-
cause of the development of other novel therapeutic strategies
designed to block the activity of P-selectin expressed at the
endothelial surface, our studies should provide an impetus for
the testing of these compounds in humans in the setting of lung
ischemia or transplantation.
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