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The effects of acute hyperglycemia on lung ischemia-reperfusion
(IR) injury and the role of receptor for advanced glycation end-
products (RAGE) signaling in this process are unknown. The objec-
tive of this study was twofold: (7) evaluate the impact of acute
hyperglycemia on lung IR injury; and (2) determine if RAGE signaling
is a mechanism of hyperglycemia-enhanced IR injury. We hypothe-
sized that acute hyperglycemia worsens lung IR injury through
a RAGE signaling mechanism. C57BL/6 wild-type (WT) and RAGE
knockout (RAGE ~/7) mice underwent sham thoracotomy or lung
IR (1-h left hilar occlusion and 2-h reperfusion). Acute hyperglycemia
was established by dextrose injection 30 minutes before ischemia.
Lung injury was assessed by measuring lung function, cytokine ex-
pression in bronchoalveolar lavage fluid, leukocyte infiltration, and
microvascular permeability via Evans blue dye. Mean blood glucose
levels doubled in hyperglycemic mice 30 minutes after dextrose
injection. Compared with IR in normoglycemic mice, IR in hypergly-
cemic mice significantly enhanced lung dysfunction, cytokine ex-
pression (TNF-a, keratinocyte chemoattractant, IL-6, monocyte
chemotactic protein-1, regulated upon activation, normal T cell
expressed and secreted), leukocyte infiltration, and microvascular
permeability. Lung injury and dysfunction after IR were attenuated
in normoglycemic RAGE ~/~ mice, and hyperglycemia failed to ex-
acerbate IR injury in RAGE ~/~ mice. Thus, this study demonstrates
that acute hyperglycemia exacerbates lung IR injury, whereas RAGE
deficiency attenuates IR injury and also prevents exacerbation of IR
injury in an acute hyperglycemic setting. These results suggest that
hyperglycemia-enhanced lung IR injury is mediated, at least in part,
by RAGE signaling, and identifies RAGE as a potential, novel thera-
peutic target to prevent post-transplant lung IR injury.
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Ischemia-reperfusion (IR) injury remains a leading cause of mor-
bidity and mortality among patients undergoing lung transplan-
tation. IR injury entails a rapid inflammatory response upon
transplantation resulting in activation of the innate immune sys-
tem, expression of proinflammatory cytokines, leukocyte infiltra-
tion, and edema, all of which contribute to subsequent acute graft
failure. With a reported incidence of 25-30%, IR injury results in
increased resource utilization, including prolonged mechanical
ventilation, intensive care unit duration, and overall hospital
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CLINICAL RELEVANCE

This research demonstrates that acute hyperglycemia
exacerbates experimental lung ischemia-reperfusion (IR)
injury, and receptor for advanced glycation end products
(RAGE) deficiency prevents the exacerbation of IR injury
in the hyperglycemic setting. These results identify a ther-
apeutic target for the future development of selective
pharmacologic RAGE antagonists to ameliorate post-
transplant lung IR injury.

lengths of stay (1, 2). Moreover, IR injury has also been identified
as an important clinical risk factor for the development of chronic
graft rejection in the form of bronchiolitis obliterans (3). As a re-
sult, studies aimed toward the development of therapeutic strate-
gies to combat this complication hold tremendous clinical value.

The receptor for advanced glycation end-products (RAGE) is
a ubiquitous, multiligand receptor implicated in a variety of path-
ological conditions, such as diabetes and its complications, can-
cer, cardiovascular disease, and inflammation. The RAGE gene
is located on chromosome 6, and the membrane receptor is com-
posed of three Ig-like regions with one “V” type and two “C”
type domains (4, 5). Activation of RAGE occurs through the
binding of a number of identified ligands, including amyloid-B
peptide, amyloid A, a group of nonenzymatically glycated
byproducts known as advanced glycated end-products (AGEs),
the S100/calgranulin family of calcium-binding polypeptides, and
the DNA-binding protein, high mobility group box 1 (HMGB1)
(6-9). Once activated, RAGE mediates its downstream effects
through several different signaling pathways, including genera-
tion of reactive oxygen species via activation of nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase, activation of
NF-«kB, and activation of extracellular signal-regulated kinase 1/2
mitogen-activated protein kinase, SAPK/JNK mitogen-activated
protein kinase, or janus kinase-signal transducer and activator of
transcription signaling pathways (10-14). RAGE is highly ex-
pressed in the lung, where it resides on the basolateral membrane
of alveolar epithelial type I cells as well as other cell types, in-
cluding smooth muscle cells, endothelial cells, and mononuclear
phagocytes (15). Furthermore, RAGE can also exist as a soluble
form (SRAGE), which is a truncated form of the receptor com-
prised of the extracellular domain that is cleaved from the cell
surface by various matrix metalloproteinases (16, 17). SRAGE
functions as a competitive, decoy receptor of membrane-bound
RAGE to inhibit ligand binding and RAGE signaling. SRAGE
has been reported as a primary marker of alveolar epithelial cell
injury (18, 19). In fact, recent evidence has documented increased
plasma levels of SRAGE in human transplant patients, which
correlated with the development of primary graft dysfunction
and prolonged intensive care unit duration (20, 21).

Acute hyperglycemia is known to be an established risk factor
for many pathologic processes, and is also known to exacerbate
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several inflammatory mediators (22-24). Previous studies have
documented the effects of acute, stress-induced hyperglycemia
on many mechanistic processes, including oxidative stress and ac-
tivation of select kinase pathways (22, 25-27). Most of these studies
used cardiovascular models, and little is known regarding the
effects of acute hyperglycemia on lung IR injury. Hagiwara and
colleagues (28) investigated the impact of acute hyperglycemia on
the expression and activity of HMGBI1 using an endotoxin-induced
rat model of acute lung injury. In the Hagiwara study, hypergly-
cemia was associated with higher HMGBI1 levels and increased
lung damage, which was significantly reduced after administration
of insulin and normalization of blood glucose levels.

In light of these findings, the purpose of the present study was
twofold: (7) to evaluate the impact of acute perioperative hy-
perglycemia on lung IR injury; and (2) to evaluate the role of
RAGE signaling in hyperglycemia-enhanced IR injury. We hy-
pothesized that acute hyperglycemia worsens lung IR injury
through a RAGE signaling mechanism.

MATERIALS AND METHODS

Further details are provided in the online supplement.

Animals

C57BL/6 wild-type (WT) mice (Jackson Laboratory, Bar Harbor, ME)
and RAGE knockout (RAGE ~/7) mice (29) 8-12 weeks of age were
used. RAGE '~ mice have been backcrossed onto C57BL/6 for 10 gen-
erations, and are congenic with C57BL/6. Mice were randomly assigned to
eight groups (n = 5-12/group) that underwent sham surgery (left thora-
cotomy + 2-h perfusion) or IR (1-h left lung ischemia + 2-h reperfusion)
in the presence or absence of acute hyperglycemia. Historically, lung
function in sham animals is very reproducible with little variation, thus
an n of 5 for these groups was used for measurements of lung function
and cytokine expression. The remaining groups, which all underwent
lung IR, were comprised of 8-12 animals each, as indicated, for measure-
ments of lung function and cytokine expression. As described subse-
quently here, separate groups of animals (n = 6/group) were used to
measure microvascular permeability and leukocyte infiltration.

Acute hyperglycemia was established via intraperitoneal injection of
20% dextrose 30 minutes before ischemia. After 30 minutes of dextrose
administration, mean glucose levels were 307.8 = 55.2 mg/dL compared
with 160.3 * 23.2 mg/dL in untreated, normoglycemic mice (P <
0.001). This study conformed to National Institutes of Health guide-
lines, and was conducted under animal protocols approved by the Uni-
versity of Virginia’s Institutional Animal Care and Use Committee.

Lung IR Model

Mice undergoing IR underwent 1 hour of lung ischemia (via left hilar
occlusion), followed by 2 hours of reperfusion using an established
model, as previously described (30). Sham animals underwent left tho-
racotomy, followed by 2 hours of perfusion.

Pulmonary Function

At the end of reperfusion, pulmonary function was evaluated by mea-
suring pulmonary compliance, airway resistance, and pulmonary artery
pressure using an isolated mouse lung system (Hugo Sachs Elektronik,
March-Hugstetten, Germany), as previously described (31).

Bronchoalveolar Lavage

After measurement of pulmonary function, the left lung underwent
bronchoalveolar lavage (BAL) using 0.4 ml PBS. The BAL fluid was
centrifuged at 4°C (500 X g, 5 min), and the supernatant was collected
and stored at —80°C until further analysis.

Cytokine Measurements

Proinflammatory cytokines (TNF-a, keratinocyte chemoattractant,
IL-6, monocyte chemotactic protein-1, and RANTES [regulated upon
activation, normal T cell expressed and secreted]) in BAL fluid were

measured using a Bioplex Bead Array technique and multiplex cyto-
kine panel assay (Bio-Rad Laboratories, Hercules, CA).

Pulmonary Vascular Permeability

Using separate groups of animals (n = 6/group), vascular permeability
in lungs was estimated with the Evans blue dye extravasation tech-
nique, which is an index of change in protein permeability.

Immunohistochemistry and Leukocyte Infiltration

Using separate groups of animals (n = 6/group), lungs were fixed with
4% paraformaldehyde, and immunostaining of lung sections was

35 -
s«
3 -
8
c Q J
%%)- 2.5
o 2
£3 21 *
>T %
2E 15 - #H#
£e
1 -
0.5
0 m
WT WT WT RAGE-- RAGE-/-
Sham IR IR IR IR
+HG +HG
16 - Kk
14 -
o
2 12 A *
173
&
o __ 10 A1
>0
2 8 A # ##
<e
>0
§- 61
5
£ 4 4
S
o 2 4
O m
WT WT WT RAGE-- RAGE-/-
Sham IR IR IR IR
+HG +HG
9 -
8 #
##
3 7
5
= _ 6 -
£Q
8L 51
2o 4 k
g3
£ 34
& 2 %ok
1 .
0 m
WT WT WT RAGE-- RAGE-/-
Sham IR IR IR IR
+HG +HG

Figure 1. Lung function is improved in receptor for advanced glycation
end products (RAGE) ~/~ mice after ischemia-reperfusion (IR), and is
not exacerbated by hyperglycemia. Pulmonary function (airway resis-
tance, pulmonary artery pressure, and pulmonary compliance) was
measured in wild-type (WT) and RAGE ~/~ mice that underwent sham
surgery or IR in the absence or presence of acute perioperative hyper-
glycemia (HG). The numbers of animals per group were as follows: n =
5 for WT sham; n = 8 for WT IR, RAGE ~/~ IR, and RAGE ~/~ IR + HG;
and n = 12 for WT IR + HG. *P < 0.05 versus WT sham; **P < 0.05
versus WT IR; #P < 0.05 versus WT IR; and #P < 0.05 versus WT IR + HG.
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performed with anti-mouse neutrophil (GR1.1; Santa Cruz Biotechnol-
ogy, Santa Cruz, CA) or anti-mouse macrophage (Mac-2; Accurate
Chem, Westbury, NY) antibodies. Neutrophils or macrophages were
counted in five random fields and averaged.

Statistical Analysis

Independent, pairwise group comparisons of differences in measured
results were performed using ANOVA or the Mann-Whitney U test,
where appropriate. All probability estimates (P values) were adjusted
for the potential influence of multiple group comparisons using a post
hoc Bonferroni correction to provide a conservative estimate of these
differences. Results are expressed as means (=SEM). All P values less
than 0.05 were considered significant.

RESULTS

Pulmonary Dysfunction after IR Is Attenuated in

RAGE ~/~ Mice

To determine the impact of acute perioperative hyperglycemia on
lung function after IR, pulmonary function was assessed in hyper-
glycemic WT mice after sham surgery or IR. In normoglycemic WT
mice, as expected, IR resulted in significant pulmonary dysfunction,
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as measured by increased airway resistance and pulmonary artery
pressure, and decreased pulmonary compliance (Figure 1). Hyper-
glycemia in WT sham mice did not significantly alter lung function
compared to normoglycemic sham mice (see Figure El in the
online supplement). Hyperglycemia in WT mice after IR resulted
in significantly worse lung function (i.e., enhanced airway resis-
tance and pulmonary artery pressure and reduced pulmonary com-
pliance) compared with IR in normoglycemic mice (Figure 1).
These results suggest that acute perioperative hyperglycemia sig-
nificantly exacerbates lung dysfunction after IR.

To investigate the role of RAGE signaling in lung function after
IR and hyperglycemia, the effects of acute hyperglycemia on pul-
monary function was evaluated in RAGE ~'~ mice. Pulmonary
function in normoglycemic and hyperglycemic sham RAGE '~
mice was not significantly different from sham WT mice (Figure
E1l). After IR, pulmonary dysfunction was significantly attenuated
in RAGE ~/~ mice, which had reduced pulmonary artery pressure
and increased pulmonary compliance compared with WT mice
after IR (Figure 1). Airway resistance in RAGE ~/~ mice was
not significantly reduced after IR compared with WT IR (Figure
1). Importantly, hyperglycemia failed to exacerbate lung dysfunc-
tion after IR in RAGE ~/~ mice, and no significant differences in

ok
E a4
WT  RAGE-- RAGE--
IR IR IR
+HG +HG Figure 2. Hyperglycemia does not exacer-
bate cytokine expression in RAGE ~/~
mice after IR. Proinflammatory cytokines
™ (TNF-o, keratinocyte chemoattractant, IL-6,
monocyte chemotactic protein-1, and regu-
lated upon activation, normal T cell
% expressed and secreted [RANTES]) in bron-
H# choalveolar lavage (BAL) fluid were mea-
sured in WT and RAGE ~/~ mice that
underwent sham surgery or IR in the ab-
sence or presence of acute perioperative hy-
perglycemia (HG). The numbers of animals
per group were as follows: n = 5 for WT
sham; n = 8 for WT IR, RAGE ~/~ IR, and
vlg RA%E-/— RA%E-/— RAGE ~/~ IR + HG; and n= 12 for WT IR +
+HG +HG HG. *P < 0.05 versus WT sham; **P < 0.05

versus WT IR; #P < 0.05 versus WT IR;
and *P < 0.05 versus WT IR + HG.
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lung function were observed after IR between normoglycemic and
hyperglycemic RAGE ~'~ mice (Figure 1).

Proinflammatory Cytokines Are Enhanced by Hyperglycemia
after IR, but Attenuated in RAGE ~/~ Mice

To determine the level of inflammation after IR and hyper-
glycemia, proinflammatory cytokine levels (TNF-a, KC, IL-6,
MCP-1, RANTES) were measured in BAL fluid of WT and
RAGE ~/~ mice after hyperglycemia. As expected, the expres-
sion of TNF-a, KC (CXCL1), IL-6, MCP-1, and RANTES were
significantly increased in lungs of normoglycemic WT mice after
IR compared with sham (Figure 2). Hyperglycemia resulted in
a significant enhancement of TNF-a, KC, IL-6, MCP-1, and
RANTES expression after IR in WT mice compared with nor-
moglycemic mice. The expression of TNF-a, KC, and IL-6 were
significantly attenuated in RAGE ~/~ mice after IR compared
with WT mice (Figure 2). The expression of KC in RAGE ~/~
mice after IR, although significantly reduced compared with
WT IR, remained significantly higher than in sham animals,
and the expression of MCP-1 and RANTES was not sig-
nificantly reduced compared with WT IR (Figure 2). Impor-
tantly, hyperglycemia did not enhance cytokine expression
in RAGE '~ mice after IR, and no significant differences in
cytokine expression after IR were observed between normogly-
cemic and hyperglycemic RAGE ~'~ mice (Figure 2). Cytokine
levels were similar between sham RAGE ~'~ mice (normogly-
cemic or hyperglycemic) and sham WT mice (Figure E2).

Pulmonary Vascular Permeability after IR Is Attenuated
in RAGE ~/~ Mice

To determine the effect of hyperglycemia on the integrity of the
pulmonary vasculature, vascular permeability was assessed via
Evans blue dye extravasation. As expected, vascular permeabil-
ity was significantly increased in WT mice after IR compared
with sham (Figure 3). Hyperglycemia significantly enhanced
vascular permeability in WT mice after IR by 2.6-fold. A com-
parison of WT and RAGE ~'~ mice revealed that vascular
permeability was significantly decreased in RAGE ~/~ mice
after IR, and perioperative hyperglycemia did not significantly
increase vascular permeability in RAGE ~/~ mice (Figure 3).

RAGE Deficiency Attenuates Leukocyte Infiltration after IR

To determine the effect of hyperglycemia and RAGE signaling
on leukocyte infiltration after IR, macrophages and neutrophils
were counted in lung sections from WT and RAGE ~/~ mice
after IR and hyperglycemia. The infiltration of neutrophils (Fig-
ure 4) and macrophages (Figure 5) were significantly increased
in lungs of WT mice after IR compared with sham, but were
significantly reduced in RAGE ~/~ mice after IR. The infiltra-
tion of macrophages in RAGE '~ mice after IR, although
significantly reduced compared with WT IR, remained signifi-
cantly higher than in sham animals (Figure 5). Hyperglycemia in
WT mice after IR significantly enhanced neutrophil and mac-
rophage infiltration compared with normoglycemia; however,
hyperglycemia failed to increase neutrophil or macrophage in-
filtration in RAGE ~/~ mice after IR (Figures 4 and 5).

DISCUSSION

Herein, we present novel experimental evidence for the exacerba-
tion of lung IR injury by acute perioperative hyperglycemia, and
have implicated an important role for the RAGE signaling path-
way in this process. Using an established in vivo hilar clamp model
of lung IR-induced inflammation, the present study demonstrates
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Figure 3. RAGE ~/~ mice have reduced vascular permeability after IR,
which is not significantly exacerbated by hyperglycemia. Vascular per-
meability was quantified using Evans blue dye extravasation in WT and
RAGE ~/~ mice that underwent either sham surgery or IR in the absence
or presence of acute perioperative hyperglycemia (HG) (n = 6/group).
*P < 0.05 versus WT sham; **P < 0.05 versus WT IR; #P < 0.05 versus
WT IR; and ##P < 0.05 versus WT IR + HG.

that lung function, injury, and inflammation are significantly ex-
acerbated after IR by acute hyperglycemia. Compared with nor-
moglycemia, hyperglycemia in WT mice undergoing IR resulted
in a significant enhancement of pulmonary dysfunction, proin-
flammatory cytokine expression, microvascular permeability,
and infiltration of neutrophils and macrophages. Furthermore,
to identify a potential mechanistic pathway underlying this
process, we investigated the RAGE signaling pathway using
RAGE '~ mice in the setting of acute hyperglycemia. As a re-
sult, lung dysfunction and injury after IR was significantly at-
tenuated in RAGE ~/~ mice, and acute hyperglycemia did not
significantly increase lung dysfunction, injury, or inflammation
after IR in these mice. These findings suggest that the RAGE
signaling pathway is an important mediator of lung IR injury,
and also implicate a key role for RAGE signaling in hypergly-
cemic exacerbation of lung IR injury.

The inflammatory effects of acute hyperglycemia in this study
correlate with published effects of stress-induced hyperglycemia
in several models of experimental inflammation (27, 32-35).
Stress-induced hyperglycemia is also a well documented risk
factor for morbidity and mortality among patients undergoing
cardiothoracic care and transplant (33, 36-38). Thus, to simulate
stress-induced hyperglycemia in the present study, acute perio-
perative hyperglycemia was induced in mice by intraperitoneal
injection of dextrose. The dosing strategy used was based upon
our previous experience, wherein we demonstrated hyperglyce-
mia after a single dose of dextrose administration, which peaks at
30 minutes after injection and remains elevated after 60 minutes
(27). In our hyperglycemic animals, a twofold increase in blood
glucose level was achieved 30 minutes after dextrose injection,
which is similar to stress-induced changes in blood glucose among
human transplant recipients (37). During hyperglycemia, ische-
mia of the left lung was performed as described in MATERIALS
AND METHODS. The reported results, therefore, represent the ini-
tiating effects of acute hyperglycemia during the ischemic period
and the subsequent inflammatory cascade during reperfusion.

In the present study, we demonstrate that acute hyperglyce-
mia in WT mice results in significant exacerbation of lung dys-
function, inflammation, and injury after IR. The similarities
between normoglycemic and hyperglycemic WT sham mice in-
dicate that the effects of elevated blood glucose levels are limited
to the IR condition. Importantly, RAGE deficiency conferred
a level of protection similar to that observed in WT sham mice
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Figure 4. Neutrophil infiltration in RAGE ~/~ mice is blocked after IR,
and is not affected by hyperglycemia. Representative lung sections
(top, 40 magpnification) depict immunohistochemical staining of neu-
trophils (red-stained cells). Mean cell counts per high-powered field
(HPF) are presented (bottom) for WT and RAGE ~/~ mice that under-
went either sham surgery or IR in the absence or presence of acute
perioperative hyperglycemia (HG) (n = 6/group). *P < 0.05 versus WT
sham; **P < 0.05 versus WT IR; #P < 0.05 versus WT IR; and *#P < 0.05
versus WT IR + HG.

in all parameters except macrophage infiltration and expression
of KC, which were both slightly higher in RAGE '~ mice after
IR compared with WT shams, but were significantly less than in
WT mice after IR (Figure 2). Furthermore, we observed that
the expression of MCP-1 and RANTES was not significantly
reduced after IR in RAGE ~'~ versus WT mice. These results
suggest that RAGE signaling may not play a significant role in
the induction of MCP-1 and RANTES, but may play a more
important role in the induction of other cytokines, such as
TNF-a and IL-6, in the setting of lung IR. We have previously
demonstrated a key role for TNF-a in murine lung IR injury
(39), and thus it is possible that the attenuation of TNF-«
production (in combination with reduced levels of KC and IL-6)

120 -
ok
100
[T
o
I 80 1
3
2 60 A *
<
& 40
g 40 -
g * # #
20 -
0 4
WT WT WT WT RAGE-/- RAGE-/-
Sham  Sham IR IR IR IR
+HG +HG +HG

Figure 5. Macrophage infiltration in RAGE ~/~ mice is attenuated after
IR, and is not affected by hyperglycemia. Representative lung sections
(top, 40X magnification) depict immunohistochemical staining of mac-
rophages (red-stained cells). Mean cell counts per high-powered field
(HPF) are presented (bottom) for WT and RAGE ~/~ mice that under-
went either sham surgery or IR in the absence or presence of acute
perioperative hyperglycemia (HG) (n = 6/group). *P < 0.05 versus WT
sham; **P < 0.05 versus WT IR; #P < 0.05 versus WT IR; and *#P < 0.05
versus WT IR + HG.

in RAGE 7/~ mice after IR contributes importantly to the
protection from IR injury in these mice.

Activation of RAGE represents one potential mechanistic
pathway involved in lung IR injury under either normoglycemic
or hyperglycemic conditions. Previous studies have provided ev-
idence for a role of RAGE signaling in IR injury of other organs,
such as heart and liver (40, 41). Considering the high expression
of RAGE within the lung (15), and that several RAGE ligands
(e.g., HMGB1 and other AGEs) have been shown to be in-
creased by hyperglycemia (28, 42-44), we focused on the role
of RAGE signaling in lung IR injury in the present study. By
comparing the effects of IR in normoglycemic and hyperglycemic
WT and RAGE '~ mice, the results of the present study



304 AMERICAN JOURNAL OF RESPIRATORY CELL AND MOLECULAR BIOLOGY VOL 46 2012

corroborate results of other studies of RAGE in IR injury. For
example, Sternberg and colleagues (45) used a similar left hilar
clamp model to demonstrate reduced IR injury in RAGE ~/~
mice as well as in WT mice treated with SRAGE. This study
differs from the present study in the timing of IR in their model
and in the lack of pulmonary function data. In a more recent study,
Reynolds and colleagues (46) examined the role of RAGE in
a hyperoxic model of lung injury in which chronic hyperoxia ex-
posure resulted in lung injury and increased RAGE expression on
alveolar epithelial cells, whereas RAGE ~/~ mice were protected.
This study demonstrated the impact of RAGE signaling in a more
chronic model of lung injury. Consequently, the results of the
present study serve to complement these reports, but, more impor-
tantly, extend our understanding of the role of RAGE signaling in
lung IR injury in the setting of acute hyperglycemia.

Other potential mechanisms related to exacerbation of IR in-
jury by hyperglycemia have been previously reported, and the
role of oxidative stress in this process has been shown to be
of particular importance (24-26, 30, 47). Several nonenzymatic
and enzymatic processes have been shown to result in an in-
crease in reactive oxygen species during hyperglycemia includ-
ing auto-oxidation of glucose and formation of AGEs, increased
enzymatic activities of nitric oxide synthase, NADPH oxidase,
or xanthine oxidase, as well as increased activity of the mito-
chondrial respiratory chain (25, 27, 48). In fact, accumulating
data suggest an important role of NADPH oxidase in acute
hyperglycemia-mediated oxidative stress (25, 27, 48). We have
previously demonstrated that acute hyperglycemia increases ox-
idative stress and IR injury in a murine model of myocardial
infarction through NADPH oxidase activation (27), and we
have also implicated NADPH oxidase in experimental lung
IR injury (30). In light of these findings, we believe that it is
plausible that an interaction between the RAGE signaling path-
way and the NADPH oxidase pathway could be involved in the
mechanism underlying hyperglycemia-mediated lung IR injury.
Such an interaction may occur by which increased NADPH
oxidase activity during hyperglycemia results in elevated levels
of AGEs, which subsequently activate RAGE signaling. Thus,
this process may be further propagated in part by the down-
stream activation of NADPH oxidase after RAGE activation,
ultimately serving to exacerbate this cyclical process.

Several aspects of the present study deserve further discus-
sion. Although the blood glucose levels in hyperglycemic mice
were slightly lower than that achieved previously (27), the level
of hyperglycemia in the present study is similar to that of acute
hyperglycemia among humans undergoing organ transplanta-
tion (37, 38). Second, this study documents the protection con-
ferred by RAGE deficiency by using RAGE '~ mice, and does
not evaluate the result of direct blockage of native RAGE in
WT mice (e.g., with the use of decoy SRAGE). The results of
the current study provide a foundation for several avenues of
future investigation, including the identification of the specific
RAGE ligands involved in hyperglycemia-mediated lung IR
injury. In addition, further scrutiny of the downstream effects
of RAGE activation will help to identify more precisely the
exact mechanistic pathways involved in hyperglycemia exacer-
bation of lung IR injury.

In conclusion, acute hyperglycemia significantly exacerbates
experimental lung IR injury, and RAGE deficiency prevents ex-
acerbation of IR injury in the hyperglycemic setting. These results
serve to not only corroborate the protective effects of RAGE
deficiency in IR injury, but also suggest that hyperglycemia-
enhanced lung IR injury is mediated, at least in part, by RAGE
signaling. These results identify a novel therapeutic target for the
future development of selective pharmacologic RAGE antago-
nists to ameliorate post-transplant lung IR injury.

Author disclosures are available with the text of this article at www.atsjournals.org.
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