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Abstract

injury

Background: Stimulation of epithelial sodium channel (ENaC) increases Na™ transport, a driving force of alveolar
fluid clearance (AFC) to keep alveolar spaces free of edema fluid that is beneficial for acute lung injury (AL). It is
well recognized that regulation of ENaC by insulin via PI3K pathway, but the mechanism of this signaling pathway
to regulate AFC and ENaC in ALl remains unclear. The aim of this study was to investigate the effect of insulin on
AFC in ALl and clarify the pathway in which insulin regulates the expression of ENaC in vitro and in vivo.

Methods: A model of ALI (LPS at a dose of 5.0 mg/kg) with non-hyperglycemia was established in Sprague-
Dawley rats receiving continuous exogenous insulin by micro-osmotic pumps and wortmannin. The lungs were
isolated for measurement of bronchoalveolar lavage fluid(BALF), total lung water content(TLW), and AFC after ALI
for 8 hours. Alveolar epithelial type I cells were pre-incubated with LY294002, Akt inhibitor and SGK1 inhibitor 30
minutes before insulin treatment for 2 hours. The expressions of a-f3-, and y-ENaC were detected by
immunocytochemistry, reverse transcriptase polymerase chain reaction (RT-PCR) and western blotting.

Results: In vivo, insulin decreased TLW, enchanced AFC, increased the expressions of a-f-, and y-ENaC and the
level of phosphorylated Akt, attenuated lung injury and improved the survival rate in LPS-induced ALl, the effects
of which were blocked by wortmannin. Amiloride, a sodium channel inhibitor, significantly reduced insulin-induced
increase in AFC. In vitro, insulin increased the expressions of a-f-, and y-ENaC as well as the level of
phosphorylated Akt but LY294002 and Akt inhibitor significantly prevented insulin-induced increase in the
expression of ENaC and the level of phosphorylated Akt respectively. Immunoprecipitation studies showed that
levels of Nedd4-2 binding to ENaC were decreased by insulin via PI3K/Akt pathway.

Conclusions: Our study demonstrated that insulin alleviated pulmonary edema and enhanced AFC by increasing
the expression of ENaC that dependent upon PI3K/Akt pathway by inhibition of Nedd4-2.
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Introduction

Actue lung injury(ALI), the early stage of acute respira-
tory distress syndrome (ARDS), is a devastating clinical
syndrome characterized by alveolar epithelial injury lead-
ing to non-cardiogenic pulmonary edema of flooding
protein-rich fluid in the alveolar spaces with a mortality
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of approach 40% [1,2]. In vivo, alveolar fluid volume is
determined by alveolar fluid clearance (AFC), the balance
of transepithelial Na* transport [3]. AFC was impaired in
ALI and removal of excessive alveolar edema fluid is an
important way for effective treatment and better outcome
[4,5].

It has been generally believed that epithelial sodium
channel (ENaC) is the primary determinant of AFC, a
driving force to remove edema fluid from alveolar
spaces on the ion transport-dependent mechanism [6-8].
ENaC is composed of three homologous subunits, a,

© 2012 Deng et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.


mailto:359403841@qq.com
http://creativecommons.org/licenses/by/2.0

Deng et al. Respiratory Research 2012, 13:29
http://respiratory-research.com/content/13/1/29

and vy, which is expressed in a number of epithelial tis-
sues including alveolar epithelial cells [9,10]. Unable to
clear alveolar edema fluid, a-ENaC gene knock-out
mice died within 40 hours after birth [11].3-ENaC gene
in alveolar epithelium was proved to be required for
AFC in mice [12]. The mice lacking y-ENaC gene influ-
enced the alveolar edema fluid absorption that was
essential for AFC [13]. Thus, the three subunits of
ENaC play a key role in AFC.

The phosphatidylinositol 3-kinase (PI3K) family,
divided into IA, IB, II, and III classes, consists of a cataly-
tic domain and a regulatory domain and participates cell
responses including cell survival, metabolism,gene
expression,vesicular trafficking, cytoskeletal rearrange-
ment and migration [14,15]. Insulin increases Na* trans-
port by trafficking ENaC subunits to the apical
membrane in kidney cells via PI3K-dependent mechan-
ism [16,17]. PI3K has been identified as integral for regu-
lation of ENaC by insulin [18]. It is well established that
insulin activates PI3K by linking to the insulin receptor
and generating phosphatidylinositol-3,4,5-triphosphate to
promote the activation of protein kinase B(Akt), an
important downstream kinase that regulates glycogen
and protein synthesis [19,20]. Upon insulin stimulation,
the pleckstrin homology domain of Akt binds to lipid
messengers and is phosphorylated at Thr308 and Ser473
by recruition to the plasma membrane [21]. However,
how this signaling pathway transduction converge to reg-
ulate AFC and three subunits of ENaC in ALI has not yet
been elucidated.

In this study, we aimed to investigate the effect of insulin
on AFC and the expression of ENaC via PI3K/Akt path-
way in vitro and in vivo. We found that insulin attenuated
lung injury in LPS-induced ALI, alleviated pulmonary
edema and enhanced AFC by increasing the expression of
ENaC that dependent upon PI3K/Akt pathway by inhibi-
tion of Nedd4-2.

Methods

Materials

Male Sprague-Dawley rats weighing 200-250 g (Depart-
ment of Laboratory Animal Center, Chongqing Medical
University) were housed under specific pathogen-free con-
ditions in a temperature- and humidity-controlled envir-
onment and given free access to food and water with the
Guide for the Care and Use of Laboratory Animals.
Reagents for cell culture were provided by the Institute of
Life Science, Chongqing Medical University. Lipopolysac-
charide (LPS, Escherichia coli serotype O111:B4),
LY294002 (PI3K inhibitor [22]), wortmannin (PI3K inhibi-
tor [22]), amiloride (sodium channel inhibitor), sodium
pentobarbital and Evans blue were purchased from Sigma
(St Louis, MO, USA).

Page 2 of 16

Akt inhibitor (1 L-6-hydroxymethyl-chiroinositol2
[(R)-2-Omethyl-3-O-octadecylcarbonate]) was purchased
from Enzo Life Sciences (Farmingdale, NY, USA).

Serum- and glucocorticoid-regulated protein kinasel
(SGK1) inhibitor (2-Cyclopentyl-4-(5-phenyl-1H-pyrrolo
[2,3-b]pyridin-3-yl-benzoic acid) was purchased from
Tocris bioscience(Bristol, UK). Rabbit anti- o.-ENaC,f3-
ENaC and y-ENaC antibodies were purchased from
Santa Cruz Biotechnology(Santa Cruz, CA, USA) Rabbit
anti- Phospho-Akt (Ser473) and total Akt monoclonal
antibodies were obtained from Cell Signaling Technol-
ogy (Beverly, MA, USA). Rabbit anti-Nedd4-2 polyclonal
antibody was purchased from ABcam (Cambridge, MA,
USA).

The study was approved by the Ethics Committee of
the Second Affiliated Hospital of Chongqing Medical
University.

Animal model and intervention

Rats were anesthetized by intraperitoneal administration
of sodium pentobarbital (50 mg/kg). ALI model was
established by LPS (5.0 mg/kg) with intraperitoneal
injection followed by insertion of an internal jugular
vein catheter for drug administration. Human Insulin
(Humulin 70/30; Eli Lilly, Indianapolis, IN, USA) was
administered at a dose of 0.1 U/kg/h and at a rate of
2.5 mU/h/rat via micro-osmotic pumps(Zhejiang Uni-
versity Medical Instrument Co. Ltd., Hangzhou, China)
16 hours before LPS exposure. Wortmannin (0.06 mg/
kg) were injected retro-orbitally three times at -90, +90,
and +360 minutes relative to the LPS injection. Rats in
control group were received an equivalent volume of
saline. Rats were killed 8 hours after LPS or saline treat-
ment. Blood samples, bronchoalveolar lavage fluid
(BALF) and lung tissue were obtained for analysis.

Cell isolation, culture and treatment

Alveolar epithelial type II (ATII) cells were isolated
from male Sprague-Dawley rats by elastase digestion of
lung tissue and then differentially adhered on IgG-
coated plates as previously described [23]. Purity of the
ATII cells were determined by microscopic analysis,
indicative of epithelial cell lineage and by immunohis-
tochemistry for surfactant protein-C, indicative of ATII
cell. ATII cells were seeded onto plastic culture dishes
and cultured in a 5% CO2, 95% air atmosphere in
DMEM containing 10% fetal bovine serum, 100 U/ml
penicillin and 0.1 mg/ml streptomycin after isolation.
On day 3 after isolation, the cells were pre-incubated
with LY294002 (10 uM), Akt inhibitor(100 nM) and
SGK1 inhibitor(10 uM) for 30 minutes before insulin
(200 mU/L) treatment for 2 hours and the experiments
were performed.
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Measurement of glucose and insulin levels

Blood samples were withdrawn from the catheter by cen-
trifuging at 3000 rpm at 4°C for 15 minutes. Glucose levels
in the plasma were analyzed by Glucometer OneTouch
(Johnson& Johnson Medical Ltd., Shanghai, China).
Human insulin levels in the plasma were analyzed by a
ELISA kit for only human insulin (10-1132-01; Mercodia,
Uppsala, Sweden). Total insulin levels in the plasma were
analyzed by a ELISA kit for rat plus human insulin (10-
1251-01; Mercodia).

Measurement of TNF-0, IL-6, protein levels and
myeloperoxidase assay in bronchoalveolar lavage fluid
BALF was performed on the right lung lavaged with 0.9%
NaCl (5 ml) at room temperature and was collected after
infusion with six times. More than 90% of BALF was col-
lected from each animal and was centrifuged at 14,000
rpm for 30 minutes at 4°C to remove cell debris. The
supernatant from the first two washes was pooled and
analyzed for total protein. The rest of BALF was stored at
-80°C for tumor necrosis factor-o.(TNF-a), interleukin-6
(IL-6), and myeloperoxidase (MPO) analysis. The total
cell counts were determined by a hemocytometer and
differential cell counts were assessed on cytocentrifuge
preparations stained with Diff-Quik (Sigma, St. Louis,
MO, USA). The measurement of TNF-a, IL-6 were ana-
lyzed by Enzyme-linked immunosorbent assay (ELISA)
kits (R&D Systems, Minneapolis, MN, USA). Total pro-
tein levels were determined by a protein assay kit (Key-
GEN, KeyGEN Bio TECH Co., Nanjing, China). MPO
activity, an indicator of neutrophil activation [24], was
determined by a MPO assay kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China). All assays were
done according to the manufacturer’s instructions.

Lung histology evaluation

The left lower lung lobes were harvested and fixed in 10%
neutral buffered formalin for 24 hours. Then they were
embedded in paraffin and stained with hematoxylin and
eosin (H&E) for microscope observation. A semi-quantita-
tive scoring system was adopted to evaluate the lung injury
including intraalveolar exudate, interstitial edema, alveolar
hemorrhage, and inflammatory cell infiltration [25]. The
grading scale of pathologic findings was used in a light
microscope:0 = no injury;1 = slight injury(25%);2 = moder-
ate injury(50%); 3 = severe injury(75%); and4 = very severe
injury (almost 100%).

Immunocytochemistry

The paraffin was dewaxinged with Xylene and hydrated
with ethanol, and then it was treated with 3%H,O, to
inhibit endogenous peroxidase activity for 10 minutes
and rinsed with phosphate buffer solution (pH 7.6). It
was blocked with bovine serum albumin for 30 minutes
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and incubated with primary antibodies at 4°C for
24 hours. Then, biotinylated anti-rabbit IgG (Santa Cruz
Biotechnology) was reacted for 30 minutes in an incuba-
tor at 37°C. After washing with phosphate buffer solution
for three times, it was reacted with avidin-biotin-peroxi-
dase complex (Sigma) for 30 minutes and then stained
with DAB (Sigma), a colouring agent, for 5 minutes. For
control staining, it was also reacted with hematoxylin for
30 seconds. Normal rabbit isotype IgG (Santa Cruz Bio-
technology) was a substitute for the primary antibodies
in the above process as a negative control. The number
of positive cells was counted in randomly 5 high-power
fields (magnification 400 x) of each section and averaged
with a light microscopy.

Measurement of total lung water content and alveolar
fluid clearance

Total lung water content (TLW), a quantification of pul-
monary edema, was measured as previously described
[26]. The left lung was isolated for determination of
TLW. The lung was weighed in an automatic electric
balance (Sartorius, Goettingen, Germany), then placed
in an oven at 80°C for 48 hours and weighed again to
obtain its dry weight. TLW was calculated as follows:
TLW = (wet lung weigh-dry lung weight)/(dry lung
weight).

AFC was measured according to the established pro-
cedure [27]. Briefly, the isolated right lung was placed in
a humidified incubator at 37°C and ventilated with 100%
nitrogen to remove oxygen from the alveolar spaces.
Physiological saline solution (5 ml/kg) containing 5%
albumin and Evans blue dye (0.15 mg/ml) was injected
into the alveolar spaces at an airway pressure of 7 cm
H,O. Alveolar fluid was aspirated 1 h after instillation.
The concentrations of Evans blue-labeled albumin in
the injected and aspirated solutions were measured by a
spectrophotometer (Beckman Coulter, Los Angeles, CA,
USA). AFC was calculated as follows:

AFC = [(V; - V§)/Vi] x 100% Vi = (V; — P;)/Ps

V represents the injected volume (i) and final volume
(f) of alveolar fluid. P represents the injected (i) and
final (f) concentration of Evans blue-labeled 5% albumin
solution.

RNA extraction and Reverse Transcription Polymerase
Chain Reaction (RT-PCR) analysis

Total RNA was extracted from the lung tissue and cells
with a RNA extraction kit (TaKaRa, Japan), according to
the manufacture’s instructions. The concentration and
purity of RNA were estimated on a spectrophotometer.
Primer sequences for a-,3-, and y-ENaC were used for
PCR amplification: a-ENaC(509 bp), 5’- TACCCT
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TCCAAG TATACACAGC-3’ (forward) and 5- CAGAA
GGAGACTCCGAATTAGT-3(reverse);3-ENaC(406 bp),
5-GCTAAAGAGCTAGCAG TAATGG-3 (forward)
and5’-CTGGTGTTTGTTATGCCTAGAG-3 (reverse);y-
ENaC(363 bp), 5- GGATCCTGAGAGAGAATCATGC-
3'(forward)and5’-GTGTCCAGCTATGCCCTTTAAC-3
(reverse);B-actin(871 bp), 5-GTACAACCTTCTTG-
CAGCTCCT-3(forward)and5’-ACAGGATT CCA-
TACCCAGGAAG -3’ (reverse). Two-step RT-PCR Kit
(TaKaRa, Japan) was used for reverse transcription with
PCR amplification analyzer(Eppendorf, Hamburg,
Germany). Reverse transcription reaction conditions
were 65°C for 5 minutes, 42°C for 30 minutes, 95°C for
5 minutes and4°C for 5 minutes. Polymerase chain reac-
tions comprised pre-denaturation at 94°C for 60 sec-
onds, 30 cycles of denaturation at 94°C for 30 seconds,
annealing at 53°C (a-ENaC), 53°C (B-ENaC), 55°C
(y-ENaC) and 55°C (B-actin) for 30 seconds and poly-
merization at 72°C for 60 seconds. Each PCR product
was run on a 1.0% agarose gel containing ethidium bro-
mide and was visualized with Gel Imaging System (Bio-
Rad, Hercules, CA, USA).

Western blotting analysis and immunoprecipitation
Proteins were obtained with 1 ml of lysis buffer and 1 ml
of extraction buffer by using a protein extraction kit(Key-
GEN) according to the manufacture’s instructions and
stored at -80°C for analysis. Proteins were separated by
10% SDS-PAGE and transferred to polyvinylidene fluoride
menbranes. After blocking with 5% nonfat dried milk in
Tris-buffered saline containing 0.05% Tween 20, the mem-
branes were incubated with primary antibodies o.-, -, y-
ENaC(1:300), p-AK(1:1000), Akt (1:1000), B-actin(1:500)
and Nedd4-2(1:1000) overnight at 4°C, and then reacted
with horseradish peroxidase-conjugated secondary anti-
body (1:5000)(Santa Cruz Biotechnology) at room tem-
perature for 1.5 hours. Using a Western Blot Enhanced
Chemiluminescence (ECL) method, the protein bands
were visualized by UVP Gel imaging system(Upland, CA,
USA) and analyzed by Labworks software(version 4.6).
500 pg of total proteins were immunoprecipitated from
cell lysates with the indicated antibodies at 4°C overnight
with rotation and then incubated with 40 pl of protein
A/G-agarose (Santa Cruz Biotechnology) beads for
4 hours at 4°C with rotation. Beads were washed four
times with lysis buffer and resuspended in sample buffer.
Samples were subjected to SDS-PAGE and transferred to
polyvinylidene fluoride membranes followed by western
blot analysis for Nedd4-2.

Statistical analysis
All data were described as mean + S.E.M.. Statistical analy-
sis was performed by Student’s ¢-test and one-way analysis
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of variance (ANOVA) using SPSS 12.0 software (SPSS Inc,
Chicago, USA).P value < 0.05 was considered statistically
significant.

Results

Effect of exogenous insulin on plasma insulin and glucose
levels

Insulin at a dose of 0.1 U/kg had no effect on plasma
glucose levels in rats (Table 1). Micro-osmotic pumps
were continuously infused throughout the experimental
period at a rate of 2.5 mU/h/rat. Human insulin levels
were maintained at a constant level in insulin-treated
rats during LPS-induced ALI (Figure 1.A). There was no
significant difference in total insulin levels between insu-
lin-treated and saline-treated rats during LPS-induced
ALI (Figure 1.B). Plasma glucose levels showed no sig-
nificant difference at 0, 1, 4, 8 hours after LPS-induced
ALI between insulin-treated and saline-treated rats (Fig-
ure 1.C). Also, wortmannin at a dose of 0.06 mg/kg had
no effect on plasma glucose levels in our study, which
indicated that insulin treatment did not exacerbate LPS-
induced hypoglycemia (Figure 1.C).

Effect of exogenous insulin on TNF-q, IL-6, BALF protein,
and neutrophil infiltration in LPS-induced actue lung
injury

Insulin significantly reduced LPS-induced increase in
TNF-a, IL-6, protein level, MPO activity, total cell counts,
and neutrophil counts in BALF. (p < 0.05, Figure 2. A-F).
However, the effects of insulin were significantly blocked
by wortmannin (p < 0.05, Figure 2. A-F).

Exogenous insulin attenuated lung injury in LPS-induced
actue lung injury

The lung tissue was significantly injured with the pre-
sence of intraalveolar exudate, edema, and inflammatory
cell infiltrationin LPS group compared with that in con-
trol group, as an evidence by an increase in lung injury
score(p < 0.05, Figure 3A, B, E). Insulin significantly atte-
nuated LPS-induced pathologic changes by the evidence
of a decrease in lung injury score (p < 0.05, Figure 3C, E).
Coadministration of wortmannin significantly blocked
the effect of insulin (p < 0.05, Figure 3D, E).

Table 1 Effect of exogenous insulin on plasma glucose
levels in rats

Insulin dose(0.1 U/kg)

Time after insulin(min) 0 30 60 120 240
Plasma glucose(mmol/ 4.7 + 50 + 48 + 51+ 52 +
L) 0.5 04 0.7 03 03

Data are presented as mean + S.EEM (n = 5 per group).
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Figure 1 Human insulin (A), total insulin (rat + human) (B), and plasma glucose level (C) were measured by ELISA (insulin) or
glucometer (glucose) at 0, 1, 4, 8 hours in normal and LPS-induced actue lung injury rats (n = 10 per group). Data are presented as
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Effect of exogenous insulin on pulmonary edema and

alveolar fluid clearance in LPS - induced actue lung injury
TLW was significantly decreased and AFC was signifi-
cantly increased by insulin treatment after LPS-induced
ALI at 2, 4, 8 hours(p < 0.05, Figure 4 A, B). Insulin-

induced decrease in TLW was significantly blocked by
wortmannin 8 hours after LPS-induced ALI (p < 0.05,
Figure 4 C). AFC was significantly increased by 40%
with insulin treatment, but was significantly decreased
by 35% with wortmannin in LPS - induced ALI (p <
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Control group: No histologic changes were observed. (B) LPS group: Marked intraalveolar exudate, edema, and inflammatory cell infiltration in
the interstitial and alveolar spaces. (C) LPS + insulin group: Insulin significantly attenuated lung injury. (D) LPS + insulin + wortmannin group:
Wortmannin significantly blocked the effect of insulin in the lung pathology. (E) Lung injury score: Insulin significantly reduced ALl-induced
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presented as mean + SEMAP < 0.05 vs Control group;*P < 0.05 vs LPS group;# P < 0.05 vs LPS + Insulin group.
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group). (A) Total lung water content at 0, 2, 4, 8 hours after LPS or insulin treatment. (B) Alveolar fluid clearance at 0, 2, 4, 8 hours after LPS or
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Insulin group.

0.05, Figure 4 D). Also, amiloride, a sodium channel Exogenous insulin increased the expression of alveolar
inhibitor, significantly decreased insulin-induced epithelial sodium channel in vivo and in vitro

increase in AFC by 47% (p < 0.05, Figure 4 D). To clarify the effect of insulin on AFC mediated by

ENaC, the expressions of a-, - and y-ENaC were mea-
Effect of exogenous insulin on lung localization of ENaC sured by RT-PCR and western blotting respectively. Two
in LPS-induced actue lung injury forms (90 kDa and 65 kDa) of a.-ENaC were detected by

Immunohistochemical analysis was used to determined  western blotting (Figure 6 B; Figure 7 B). In vivo, the
the lung distribution of a-, B-, and y-ENaC in rat lung 8 mRNA and protein expression levels of a-, B- and
hours after LPS or saline treatment. Positively immunos-  y-ENaC in rat lung showed significant increases by insu-
tained cells appeared brown. The expressions of a.-, B-,  lin treatment 8 hours after LPS-induced ALI (P < 0.05,
and y-ENaC were specifically localized to the alveolar =~ Figure 6 A, B), but the mRNA and protein expression
epithelium. The number of cells expressing a.-, -, and y-  levels of three ENaC subunits were significantly
ENaC were significantly decreased in LPS-induced actue  decreased with the administration of wortmannin com-
lung injury, and were strongly increased by insulin treat-  pared with those by insulin treatment (P < 0.05, Figure 6
ment, but were decreased by wortmannin (Figure 5). A, B). In vitro, the mRNA and protein expression levels
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Figure 5 Effect of exogenous insulin on the protein expression of a- ENaC(A), B- ENaC(B), and y-ENaC(C) in rat lung 8 hours after
LPS-induced actue lung injury or saline treatment. The number of positive cells was counted in randomly 5 high-power fields of each
section and averaged (five sections from 5 rats in each group). The number of cells expressing a-, -, and y-ENaC were significantly decreased in
LPS-induced actue lung injury, compared with those in positive control group. However, the number of cells expressing a-, B-, and y-ENaC were
strongly increased by insulin treatment, but were decreased by wortmannin. Brown immunostained cell was positive (original magnification

400 x).AP < 0.05 vs Positive control group;*P < 0.05 vs LPS group;# P < 0.05 vs LPS + Insulin group.
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of a-, B- and y-ENaC were significantly increased by
insulin treatment for 2 hours in ATII cells (P < 0.05, Fig-
ure 7A, B), but pretreatment with LY294002 and Akt
inhibitor prevented the insulin-induced increase in the
mRNA and protein expression levels of a-, B- and

v-ENaC in ATII cells respectively (P < 0.05, Figure 7A,
B). In addtion, the mRNA and protein expression levels
of a-, B- and y-ENaC in ATII cells with co- administra-
tion of Akt inhibitor and SGK1linhibitor showed the simi-
lar changes compared with those by LY294002 treatment
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Figure 6 Expressions of alveolar epithelial sodium channel(a-ENaC, B-ENaC and y-ENaC) in rat lung were measured by RT-PCR(A) and
western blotting(B) 8 hours after LPS-induced actue lung injury or saline treatment (n = 5 per group). Proteins using the same
antibodies against a-ENaC, B-ENaC and y-ENaC plus blocking peptides specific for these antibodies were re-blotted(C). Data are presented as
mean + SEMAP < 0.05 vs Control group;*P < 0.05 vs LPS group;# P < 0.05 vs LPS + Insulin group.

(P > 0.05, Figure 7A, B), and were significantly decreased  antibodies in the presence of the blocking peptide both
compared with those by Akt inhibitor treatment (P <  in vivo(Figure 6C) and in vitro(Figure 7 C). These results
0.05, Figure 7A, B). The bands were absent when proteins  indicated that insulin-induced expression of ENaC by
were blotted with the a-ENaC, B-ENaC and y-ENaC Akt phosphorylation via activating PI3K pathway.
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Exogenous insulin activated the P13K/Akt pathway and
inhibited Nedd4-2 in vivo and in vitro

To further investigate whether regulation of ENaC by
insulin via PI3K/Akt pathway, the level of Ser*”*-phos-
phorylated Akt, a reliable residue to read out of PI3K
activity [28], and Nedd4-2, a binding site for regulation
of ENaC function [29], were measured by western blot-
ting and immunoprecipitation. The protein level of
phosphorylated Akt was markedly increased in rat lung
by insulin treatment 8 hours after LPS-induced ALI(P <
0.05, Figure 8). Wortmannin abolished the insulin-
induced increase in the protein level of phosphorylated
Akt (P < 0.05, Figure 8). However, the protein level of
Nedd4-2 was significantly decreased by insulin treat-
ment and was significantly increased by co-administra-
tion of wortmannin and insulin (P < 0.05, Figure 8). In

ATII cells pretreated with LY-294002 and Akt inhibitor
respectively, insulin-induced increase in the protein
levels of phosphorylated Akt were markedly decreased
(P < 0.05, Figure 9). The level of phosphorylated Akt in
ATII cells was also significantly blocked by co- adminis-
tration of Akt inhibitor and SGK1linhibitor compared
that in cells treated with insulin (P < 0.05, Figure 9). In
a contrast, the protein levels of Nedd4-2 were markedly
higher in cells pretreated with LY-294002, Akt inhibitor
and Akt inhibitor plus SGK1linhibitor compared with
those in cells treated with insulin respectively (P < 0.05,
Figure 9). Western blot analysis of a-, B- and y-ENaC
immunocomplexes with anti-Nedd4-2 antibody identi-
fied a band that was the same size as the one observed
with ATII cells lysate and no such band was observed
with control IgG, which showed Nedd4-2 interacted
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Figure 8 Expressions of phosphorylated Akt and Nedd4-2 in rat lung 8 hours after LPS-induced actue lung injury or saline treatment
were measured by western blotting. The band intensity of phosphorylated Akt and Nedd4-2 were quantitated by normalized for total Akt
and B-actin respectively and expressed as fold of the control (n = 3 per group). Data are presented as mean £ SEMAP < 0.05 vs Control group;

E3 Control

B3 LPS

B LPS+Insulin

[@ LPS+Insulin+Wortmannin

Nedd4-2

with a-, B- and y-ENaC in cells under basal conditions
(Figure 10A). The inhibitory effect of insulin on the
levels of Nedd4-2 immunoprecipitated in a-, B- and vy-
ENaC were significantly abolished by LY-294002 and
Akt inhibitor repectively(Figure 10B). These findings
strongly indicated that the down-regulation of Nedd4-2
that interacted with ENaC by insulin via P13K/Akt
pathway.

Exogenous insulin decreased mortality of rats in LPS-
induced actue lung injury

Insulin treatment significantly improved the survival of
rats with ALI (P < 0.01, Figure 11), but wortmannin sig-
nificantly inhibited the survival of rats treated with insu-
lin in LPS-induced ALI (P < 0.05, Figure 11).

Discussion

In the present study, our results demonstrated insulin
played an therapic role in LPS-induced ALI and the
mechanism of ENaC-mediated AFC by which insulin
activated PI3K/Akt signaling pathway in vitro and in
vivo. Results from animal and human studies indicated
the hyperglycemia was associated with exacerbation of
inflammation and promotion of injury in ALI and insu-
lin treatment while maintaining euglycemia was found
to attenuate the inflammatory response, reduce lung
injury, and decrease the morbidity [30-34]. LPS models
the effects of Gram-negative bacteria to induced ALI in
animals and humans as a common methodology [35,36].
Therefore, a model of ALI with non-hyperglycemia and
continuously infused human insulin by micro-osmotic
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Figure 9 Expressions of phosphorylated Akt and Nedd4-2 in alveolar epithelial type Il cells pretreated with LY294002(10 uM), Akt
inhibitor(100 nM) and SGK1 inhibitor(10 uM) for 30 minutes before insulin treatment for 2 hours were measured by western blotting.
The band intensity of phosphorylated Akt and Nedd4-2 were quantitated by normalized for total Akt and B-actin respectively and expressed as
fold of the control. Data are presented as mean + SEMAP < 0.05 vs Control group;*P < 0.05 vs Insulin group; # P < 0.05 vs Insulin + Akt
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Figure 10 Association of Nedd4-2 with a-ENaC, B- ENaC and y-ENaC. (A) Protein from alveolar epithelial type Il cells lysate was
immunoprecipitated with rabbit anti- a-ENaC, B-ENaC and y-ENaC antibodies or with goat anti-rabbit IgG. Levels of coimmunoprecipitated
Nedd4-2 were detected by Western blotting (WB) with an anti-Nedd4-2 antibody. The IgG did not immunoprecipitate Nedd4-2, thus serving as a
negative control.(B) Effects of insulin, LY294002 and Akt inhibitor on Nedd4-2 in coimmunoprecipitated a-ENaC, B- ENaC and y-ENaC. Levels of
coimmunoprecipitated Nedd4-2 were significantly decreased by insulin treatment. LY294002 and Akt inhibitor significantly blocked the decrease
in coimmunoprecipitated Nedd4-2 induced by insulin. Data are normalized for the amount of Nedd4-2 immunoprecipitated and expressed as
fold of the control. Data are presented as mean + SEMAP < 0.05 vs Control group;*P < 0.05 vs Insulin group.

pumps at a dose and a rate that maintained the glucose  only have an effect of anti-inflammatory mechanism
levels within normal range and did not worsen LPS-  rather than modulation of glucose metabolism that pre-
induced hypoglycemia were used in this study. Also, the  viously reported [37]. Insulin-induced phosphorylation
dose of human insulin infused in the study would just of Akt in the liver was not observed by the low dose in
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Figure 11 Effect of exogenous insulin on survival of LPS - induced actue lung injury in rats. Insulin or saline (LPS group) was
administered continuously by a micro-osmotic pump. Survival was evaluated for 72 hours. Results are presented as a Kaplan-Meier plot (n = 10
per group).*P < 0.01 vs LPS groupi# P < 0.05 vs LPS + Insulin group.
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our pre-experiment, which may also explain the tissue-
specific difference in the activation of PI3K/Akt pathway
by insulin to have an effect on inflammatory response
without affecting glucose levels. The effect of wortman-
nin did not completely block the effect of insulin
according to our results, which may be due to the possi-
bility that additional mechanisms also contribute to the
effects of insulin [38].

LPS stimulates macrophages, neutrophils, and other
immune cells to produce different mediators including
cytokines such as TNF-a, IL-6 that recruits polymorpho-
nuclear neutrophils into the injured site and contribute
to the pathogenesis of ALI and ARDS [39,40]. Activated
neutrophils release various kinds of mediators, and
secrete MPO enzyme, an indicator of neutrophil accumu-
lation in tissues by its activity [24], are recognized to be a
primary mechanism in the development of ALI [41]. In
the current study, insulin inhibited LPS-induced increase
in TNF-a, IL-6, neutrophil counts and MPO activity in
BALF. Wortmannin, a PI3K inhibitor, abolished the insu-
lin-induced reduction in TNF-a, IL-6, neutrophil counts
and MPO activity produced by LPS and insulin-induced
phosphorylation of Akt, which indicated the inhibition of
PI3K/Akt pathway. The results were consistent with pre-
vious studies that illustrated PI3K/Akt signaling pathway
played an important role as a negative regulation of LPS-
induced acute inflammatory responses in vitro and in
vivo [42-44]. In addition, activated neutrophils transmi-
grated across the endothelial surface into lung by release
of reactive oxygen species, resulting in alveolar capillary
barrier leakage, interstitial and alveolar edema after
adhering to lung endothelium [45]. In this study, insulin
attenuated LPS-induced ALI by evaluation of pulmonary
edema and protein leakage in the alveolar spaces, histolo-
gic lung injury score, and survival rate. Wortmannin
blocked the effects of insulin on LPS-induced ALI, which
showed the involvement of PI3K/Akt pathway. These
data indicated that activation of PI3K/Akt pathway by
insulin contributed to attenuation of lung injury in ALL

Pulmonary edema accumulates as a consequence of
changes in hydrostatic pressure gradients or increased
alveolar capillary permeability. It is well accepted that
AFC, a process to remove edema fluid from the alveolar
spaces, is of particular importance by Na* reabsorption
from the alveolar spaces via ENaC in ALI/ARDS [8]. In
the present study, insulin enhanced AFC that resulted in
the decrease of pulmonary edema in LPS-induced ALI,
which was consistent with the finding that increase in
AFC could decrease the lung water volume [27]. Also, as
demonstrated by the present experiment, amiloride, a
sodium channel inhibitor, ininhibited AFC stimulated by
insulin, supporting the stimulatory effect of insulin on
AFC via ENaC in ALIL, which was in agreement with pre-
vious study reporting that a lower AFC in a mouse model
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of type 2 diabetes was mainly due to decreased active Na*
transport by ENaC [46]. Meawhile, AFC stimulated by
insulin was significantly decreased by wortmannin indi-
cated that PI3K was essential for the maintenance of Na*
absorption previously reported [47]. Therefore, the link
between ENaC and PI3K signaling pathway was further
investigated in our study. In vivo, the expressions of a-,
B- and y-ENaC and the level of phosphorylated Akt were
increased by insulin but were decreased by wortmannin
in LPS-induced ALI. LY294002, a PI3K inhibitor, mark-
edly prevented insulin-induced expressions of a.-, B- and
v-ENaC and the level of phosphorylated Akt, which were
consistent with the results in vivo. Also, Akt inhibitor,
reported to inhibit Akt [48], blocked the expressions of
o-, B- and y-ENaC and the level of phosphorylated Akt
induced by insulin in ATII cells. PI3K is a central signal-
ing molecule in insulin action and the signaling transduc-
tion is mainly transmitted through its downstream target
Akt [20]. Activation of Akt allows insulin- stimulated glu-
cose uptake by inducing the translocation of type 4 glu-
cose transporter [49]. These results confirmed that
insulin-induced up-regulation of ENaC promoted AFC
via activation of PI3K/Akt pathway, but this was con-
trasts with previous finding that Akt was not involved in
the Na" transport by ENaC in distal renal tubule epithe-
lial cells [50]. All three subunits(a, 8, y) of ENaC contain
conserved PY motifs in the cytosolic COOH-terminal
domain that interacted with WW domains 3 and 4 of
Nedd4-2, which has been shown to negatively regulate
ENaC expression in vitro and in vivo [29,51,52]. The
binding of Nedd4-2 to these motifs results in internaliza-
tion and degradation of ENaC due to ubiquitination
[53-56]. The phosphorylation motif for Akt has been
proved to be identified with a conserved PY motif, which
provides a binding site for WW domains of Nedd4-2
[57-59]. In this study, we found that insulin-induced
decrease in the levels of Nedd4-2 in coimmunoprecipi-
tated a-ENaC, - ENaC and y-ENaC were blocked with
LY294002 and Akt inhibitor treatment respectively These
findings indicated the effect of insulin on inhibition of
Nedd4-2 binding to ENaC via PI3K/Akt pathway. Recent
study of Fisher rat thyroid cell proved the regulation of
o-, B- and y-ENaC heterologously expressed via PI3K/
Akt pathway by suppression of Nedd4-2 [60]. In addtion,
co-administration of Akt inhibitor and SGK1 inhibitor,
reported to inhibit SGK1 [61], significantly inhibited
insulin-induced increase in the expressions of a-, B- and
v-ENaC, as well as increased the insulin-induced decrease
in the expression of Nedd4-2 compared with administra-
tion of Akt inhibitor alone in ATII cells. These results
supported the findings that regulation of ENaC by SGK1
via inhibition of Nedd4-2 previously reported [62,63].
Here, we focused on the role of insulin-induced Akt acti-
vation on ENaC.
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In conclusion, the present data demonstrated that
insulin alleviated pulmonary edema, enchaced AFC and
attenuated lung injury in rats of LPS-induced ALI with-
out affecting blood glucose levels. Activation of Akt,
linking PI3K and insulin signaling pathway, is necessary
and sulfficient for increase in the expression of ENaC by
inhibition of Nedd4-2.

Abbreviations

Akt: protein kinase B; AFC: alveolar fluid clearance; ALl: acute lung injury;
ARDS: acute respiratory distress syndrome; BALF: bronchoalveolar lavage
fluid; ENaC: epithelial sodium channel; ELISA: enzyme-linked immunosorbent
assay; IL-6: interleukin-6; LPS: lipopolysaccharide; MPO: myeloperoxidase;
Nedd4-2: neuronal expressed developmentally downregulated 4-2; PI3K:
phosphatidylinositol 3-kinase; SGK1: serum- and glucocorticoid-regulated
protein kinasel; TNF-a: tumor necrosis factor-a

Acknowledgements
This study was supported by grants from National Natural Science
Foundation of China (Grant No. 30971301).

Author details

'Department of Respiratory Medicine, Second Affiliated Hospital of
Chongging Medical University, 76 Linjiang Road, Yuzhong District,
Chongging 400010, China. “Department of Respiratory Medicine, First
Affiliated Hospital of Chengdu Medical College, 278 Baoguang Road, Xindu
District, Chengdu, Sichuan Province, China.

Authors’ contributions

WD and DXW participated in the conception and design of the study. WD
and CYL performed the animal study, ELISA bronchoalveolar lavage fluid
collection, lung histology, immunocytochemistry, RT-PCR and western
blotting. WD, JT and WZ performed the cell culture RT-PCR and western
blotting. WD analyzed the data and drafted the manuscript. DXW
participated in the revision of the manuscript. All authors have read and
approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 27 November 2011 Accepted: 30 March 2012
Published: 30 March 2012

References

1. Ware LB, Matthay MA: The acute respiratory distress syndrome. N Engl J
Med 2000, 342:1334-1349.

2. Rubenfeld GD, Caldwell E, Peabody E, Weaver J, Martin DP, Neff M, Stern EJ,
Hudson LD: Incidence and outcomes of acute lung injury. N £ngl J Med
2005, 353:1685-1693.

3. Ware LB, Matthay MA: Alveolar fluid clearance is impaired in the majority
of patients with acute lung injury and the acute respiratory distress
syndrome. Am J Respir Crit Care Med 2001, 163:1376-1383.

4. Berthiaume Y, Folkesson HG, Matthay MA: Lung edema clearance: 20
years of progress. Invited review: alveolar edema fluid clearance in the
injured lung. J Appl Physiol 2002, 93:2207-2213.

5. Morty RE, Eickelberg O, Seeger W: Alveolar fluid clearance in acute lung
injury: what have we learned from animalmodels and clinical studies?
Intensive Care Med 2007, 33:1229-1240.

6. Matthay MA, Robriquet L, Fang X: Alveolar epithelium: role in lung fluid
balance and acute lung injury. Proc Am Thorac Soc 2005, 2:206-213.

7. Berthiaume Y, Matthay MA: Alveolar edema fluid clearance and acute
lung injury. Respir Physiol Neurobiol 2007, 159:350-359.

8. Eaton DC, Helms MN, Koval M, Bao HF, Jain L: The contribution of
epithelial sodium channels to alveolar function in health and disease.
Annu Rev Physiol 2009, 71:403-423.

9. Canessa C, Schild L, Buell G, Thorens B, Gautschi |, Horisberger JD,

Rossier BC: Amiloride-sensitive epithelial Na*channel is made of three
homologous subunits. Nature (Lond) 1994, 367:463-467.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 15 of 16

Matalon S, O'Brodovich H: Sodium channels in alveolar epithelial cells:
molecular characterization, biophysical properties, and physiological
significance. Annu Rev Physiol 1999, 61:627-661.

Hummler E, Barker P, Gatzy J, Beermann F, Verdumo C, Schmidt A,
Boucher R, Rossier BC: Early death due to defective neonatal lung liquid
clearance in alpha-ENaC-deficient mice. Nat Genet 1996, 12:325-328.
Randrianarison N, Clerici C, Ferreira C, Fontayne A, Pradervand S, Fowler-
Jaeger N, Hummler E, Rossier BC, Planés C: Low expression of the B-ENaC
subunit impairs lung fluid clearance in the mouse. Am J Physiol Lung Cell
Mol Physiol 2008, 294:.409-L416.

Elias N, Rafii B, Rahman M, Otulakowski G, Cutz E, O’ Brodovich H: The role
of alpha-, beta-, and gamma-ENaC subunits in distal lung epithelial fluid
absorption induced by pulmonary edema fluid. Am J Physiol Lung Cell
Mol Physiol 2007, 293:L537-L545.

Chan TO, Rittenhouse SE, Tsichlis PN: AKT/PKB and other D3
phosphoinositide-regulated kinases: kinase activation by
phosphoinositide-dependent phosphorylation. Annu Rev Biochem 1999,
68:965-1014.

Marone R, Cmiljanovic V, Giese B, Wymann MP: Targeting
phosphoinositide 3-kinase: moving towards therapy. Biochim Biophys
Acta 2008, 1784:159-185.

Record RD, Froelich LL, Vlahos CJ, Blazer-Yost BL: Phosphatidylinositol 3-
kinase activation is required for insulin-stimulated sodium transport in
A6 cells. Am J Physiol 1998, 274:E611-E617.

Blazer-Yost BL, Esterman MA, Viahos CJ: Insulin-stimulated trafficking of
ENaC in renal cells requires Pl 3-kinase activity. Am J Physiol Cell Physiol
2003, 284:C1645-C1653.

Cohen P: The origins of protein phosphorylation. Nat Cell Biol 2002, 4:
E127-E130.

Whiteman EL, Cho H, Birnbaum MJ: Role of Akt/protein kinase B in
metabolism. Trends Endocrinol Metab 2002, 13:444-451.

Taniguchi CM, Emanuelli B, Kahn CR: Critical nodes in signalling pathways:
insights into insulin action. Nat Rev Mol Cell Biol 2006, 7:85-96.

Shiojima |, Walsh K: Role of Akt signaling in vascular homeostasis and
angiogenesis. Circ Res 2002, 90:1243-1250.

Walker EH, Pacold ME, Perisic O, Stephens L, Hawkins PT, Wymann MP,
Williams RL: Structural determinants of phosphoinositide 3-kinase
inhibition by wortmannin, LY294002, quercetin, myricetin, and
staurosporine. Mol Cell 2000, 6:909-919.

Dobbs L, Gonzales G, Williams M: An improved method for isolating type
Il cells in high yield and purity. Am Rev Respir Dis 1986, 134:141-145.

Jin SW, Zhang L, Lian QQ, Liu D, Wu P, Yao SL, Ye DY: Posttreatment with
aspirin-triggered lipoxin A4 analog attenuates lipopolysaccharide-
induced acute lung injury in rats: the role of heme oxygenase-1. Anesth
Analg 2007, 104:369-377.

Jiang L, Wang Q, Liu Y, Du M, Shen X, Guo X, Wu S: Totalliquid ventilation
reduces lung injury in piglets after cardiopulmonary bypass. Ann Thorac
Surg 2006, 82:124-130.

Noble WH, Obdrzalek J, Kay JC: A new technique for measuring
pulmonary edema. J Appl Physiol 1973, 34:508-512.

Sakuma T, Hida M, Nambu Y, Osanai K, Toga H, Takahashi K, Ohya N,
Inoue M, Watanabe Y: Effects of hypoxia on alveolar fluid transport
capacity in rat lungs. J Appl Physiol 2001, 91:1766-1774.

Bayascas JR, Alessi DR: Regulation of Akt/PKB Ser473 phosphorylation.
Mol Cell 2005, 18:143-145.

Schild L, Lu Y, Gautschi |, Schneeberger E, Lifton RP, Rossier BC:
Identification of a PY motif in the epithelial Na channel subunits as a
target sequence for mutations causing channel activation found in
Liddle syndrome. EMBO J 1996, 15:2381-2387.

Chen HI, Kao SJ, Wang D, Lee RP, Su CF: Acute respiratory distress
syndrome. J Biomed Sci 2003, 10:588-592.

Hagiwara S, Iwasaka H, Hasegawa A, Koga H, Noguchi T: Effects of
hyperglycemia and insulin therapy on high mobility group box 1 in
endotoxin-induced acute lung injury in a rat model. Crit Care Med 2008,
36:2407-2413.

de Oliveira Martins J, Meyer-Pflug AR, Alba-Loureiro TC, Melbostad H,
Costa JWda Cruz, Coimbra R, Curi R, Sannomiya P: Modulation of
lipopolysaccharide-induced acute lung inflammation: role of insulin.
Shock 2006, 25:260-266.

Chen Hl, Yeh DY, Liou HL, Kao SJ: Insulin attenuates endotoxin-induced
acute lung injury in conscious rats. Crit Care Med 2006, 34:758-764.


http://www.ncbi.nlm.nih.gov/pubmed/10793167?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16236739?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11371404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11371404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11371404?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12433940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12433940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12433940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17525842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17525842?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16222039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16222039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17604701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17604701?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18831683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18831683?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10099704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10099704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10099704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8589728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8589728?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18024719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18024719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17513453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17513453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17513453?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10872470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10872470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10872470?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17997386?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17997386?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9575821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9575821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9575821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12606308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12606308?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11988757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12431841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12431841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16493415?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16493415?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12089061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12089061?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11090628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11090628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11090628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3637065?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3637065?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17242094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17242094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17242094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16798202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16798202?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4572808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4572808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11568161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11568161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15837416?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8665845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8665845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8665845?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14576460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14576460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18596634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18596634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18596634?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16552358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16552358?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16505662?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16505662?dopt=Abstract

Deng et al. Respiratory Research 2012, 13:29
http://respiratory-research.com/content/13/1/29

34, Zhang WF, Zhu XX, Hu DH, Xu CF, Wang YC, Lv GF: Intensive insulin
treatment attenuates burn-initiated acute lung injury in rats: role of the
protective endothelium. J Burn Care Res 2011, 32:e51-e58.

35. Rosenthal C, Caronia C, Quinn C, Lugo N, Sagy M: A comparison among
animal models of acute lung injury. Crit Care Med 1998, 26:912-916.

36. Windsor AC, Mullen PG, Fowler AA: Acute lung injury: what have we
learned from animal models? Am J Med Sci 1993, 306:111-116.

37. Jeschke MG, Klein D, Bolder U, Einspanier R: Insulin attenuates the
systemic inflammatory response in endotoxemic rats. Endocrinology 2004,
145:4084-4093.

38. Ding J, Vlahos CJ, Liu R, Brown RF, Badwey JA: Antagonists of
phosphatidylinositol 3-kinase block activation of several novel protein
kinases in neutrophils. J Biol Chem 1995, 270:11684-11691.

39. Toews GB: Cytokines and the lung. Eur Respir J Suppl 2001, 34:3s-175.

40. Idell S: Anticoagulants for acute respiratory distress syndrome: can they
work? Am J Respir Crit Care Med 2001, 164:517-520.

41. Abraham E: Neutrophils and acute lung injury. Crit Care Med 2003, 31:
$195-5199.

42. Williams DL, Li C, Ha T, Ozment-Skelton T, Kalbfleisch JH, Preiszner J,
Brooks L, Breuel K, Schweitzer JB: Modulation of the phosphoinositide 3-
kinase pathway alters innate resistance to polymicrobial sepsis. J
Immunol 2004, 172:449-456.

43. Guha M, Mackman N: The phosphatidylinositol 3-kinase-Akt pathway
limits lipopolysaccharide activation of signaling pathways and
expression of inflammatory mediators in human monocytic cells. J Biol
Chem 2002, 277:32124-32132.

44, Xu CQ, Liu BJ, Wu JF, Xu YC, Duan XH, Cao YX, Dong JC: Icariin attenuates
LPS-induced acute inflammatory responses: involvement of PI3K/Akt
and NF-kappaB signaling pathway. Eur J Pharmacol 2010, 642:146-153.

45.  Fialkow L, Wang Y, Downey GP: Reactive oxygen and nitrogen species as
signaling molecules regulating neutrophil function. Free Radic Biol Med
2007, 42:153-164.

46.  Bellmeyer A, Martino JM, Chandel NS, Scott Budinger GR, Dean DA,

Mutlu GM: Leptin resistance protects mice from hyperoxia-induced acute
lung injury. Am J Respir Crit Care Med 2007, 175:587-594.

47. Paunescu TG, Blazer-Yost BL, Vlahos CJ, Helman SI: LY-294002-inhibitable PI
3-kinase and regulation of baseline rates of Na* transport in A6
epithelia. Am J Physiol Cell Physiol 2000, 279:C236-C247.

48. Lin CC, Chiang LL, Lin CH, Shih CH, Liao YT, Hsu MJ, Chen BC:
Transforming growth factor-betal stimulates heme oxygenase-1
expression via the PI3K/Akt and NF-kappaB pathways in human lung
epithelial cells. Eur J Pharmacol 2007, 560:101-109.

49. Cong LN, Chen H, Li Y, Zhou L, McGibbon MA, Taylor SI, Quon MJ:
Physiological role of Akt in insulin-stimulated translocation of GLUT4 in
transfected rat adipose cells. Mol Endocrinol 1997, 11:1881-1890.

50. Arteaga MF, Canessa C: Functional specificity of Sgk1 and Akt1 on ENaC
activity. Am J Physiol Renal Physiol 2006, 289:90-96.

51. Harvey KF, Dinudom A, Cook DI, Kumar S: The Nedd4-like protein
KIAA0439 is a potential regulator of the epithelial sodium channel. J Bio/
Chem 2001, 276:8597-8601.

52. Staub O, Dho S, Henry P, Correa J, Ishikawa T, McGlade J, Rotin D: WW
domains of Nedd4 bind to the proline-rich PY motifs in the epithelial Na
* channel deleted in Liddle’s syndrome. EMBO J 1996, 15:2371-2380.

53. Fotia AB, Dinudom A, Shearwin KE, Koch JP, Korbmacher C, Cook DI,
Kumar S: The role of individual Nedd4-2 (KIAA0439) WW domains in
binding and regulating epithelial sodium channels. FASEB J 2003,
17:70-72.

54, Malik B, Yue Q, Yue G, Chen XJ, Price SR, Mitch WE, Eaton DC: Role of
Nedd4-2 and polyubiquitination in epithelial sodium channel
degradation in untransfected renal A6 cells expressing endogenous
ENaC subunits. Am J Physiol Renal Physiol 2005, 289:F107-F116.

55. Zhou R, Patel SV, Snyder PM: Nedd4-2 catalyzes ubiquitination and
degradation of cell surface ENaC. J Bio/ Chem 2007, 282:20207-20212.

56. Boase NA, Rychkov GY, Townley SL, Dinudom A, Candi E, Voss AK,
Tsoutsman T, Semsarian C, Melino G, Koentgen F, Cook DI, Kumar S:
Respiratory distress and perinatal lethality in Nedd4-2-deficient mice.
Nat Commun 2011, 2:287.

57. Lawlor MA, Alessi DR: PKB/Akt: a key mediator of cell proliferation,
survival and insulin responses? J Cell Sci 2001, 114:2903-2910.

58.  Debonneville C, Flores SY, Kamynina E, Plant PJ, Tauxe C, Thomas MA,
Munster C, Chraibi A, Pratt JH, Horisberger JD, Pearce D, Loffing J, Staub O:

Page 16 of 16

Phosphorylation of Nedd4-2 by Sgk1 regulates epithelial Na* channel
cell surface expression. EMBO J 2001, 20:7052-7059.

59. Kamynina E, Staub O: Concerted action of ENaC, Nedd4-2, and Sgk1 in
transepithelial Na(+) transport. Am J Physiol Renal Physiol 2002, 283:
F377-F387.

60. Lee IH, Dinudom A, Sanchez-Perez A, Kumar S, Cook DI: Akt mediates the
effect of insulin on epithelial sodium channels by inhibiting Nedd4-2. J
Biol Chem 2007, 282:29866-29873.

61. Sherk AB, Frigo DE, Schnackenberg CG, Bray JD, Laping NJ, Trizna W,
Hammond M, Patterson JR, Thompson SK, Kazmin D, Norris JD,

McDonnell DP: Development of a small-molecule serum- and
glucocorticoid-regulated kinase-1 antagonist and its evaluation as a
prostate cancer therapeutic. Cancer Res 2008, 68:7475-7483.

62. Snyder PM, Olson DR, Thomas BC: Serum and glucocorticoid-regulated
kinase modulates Nedd4-2-mediated inhibition of the epithelial Na*
channel. J Biol Chem 2002, 277:5-8.

63. Alvarez De La Rosa D, Canessa CM: Role of SGK in hormonal regulation of
epithelial sodium channel in A6 cells. Am J Physiol Cell Physiol 2003, 284:
C404-C414.

doi:10.1186/1465-9921-13-29

Cite this article as: Deng et al. Regulation of ENaC-mediated alveolar
fluid clearance by insulin via PI3K/Akt pathway in LPS-induced acute
lung injury. Respiratory Research 2012 13:29.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/21436719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21436719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21436719?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9590322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9590322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8362891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8362891?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15192048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15192048?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7744808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7744808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7744808?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12392030?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11520709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11520709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12682440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14688354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14688354?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12052830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12052830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12052830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20519138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20519138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20519138?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17189821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17189821?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17185651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17185651?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10898735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10898735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10898735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10898735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17307160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17307160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17307160?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9415393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9415393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11244092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11244092?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8665844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8665844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8665844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8665844?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12424229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12424229?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15769939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15769939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15769939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15769939?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17502380?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17502380?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21505443?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11686294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11686294?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11742982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11742982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11742982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12167587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12167587?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17715136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17715136?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18794135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18794135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18794135?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11696533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11696533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11696533?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12388075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12388075?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Materials
	Animal model and intervention
	Cell isolation, culture and treatment
	Measurement of glucose and insulin levels
	Measurement of TNF-α, IL-6, protein levels and myeloperoxidase assay in bronchoalveolar lavage fluid
	Lung histology evaluation
	Immunocytochemistry
	Measurement of total lung water content and alveolar fluid clearance
	RNA extraction and Reverse Transcription Polymerase Chain Reaction (RT-PCR) analysis
	Western blotting analysis and immunoprecipitation
	Statistical analysis

	Results
	Effect of exogenous insulin on plasma insulin and glucose levels
	Effect of exogenous insulin on TNF-α, IL-6, BALF protein, and neutrophil infiltration in LPS-induced actue lung injury
	Exogenous insulin attenuated lung injury in LPS-induced actue lung injury
	Effect of exogenous insulin on pulmonary edema and alveolar fluid clearance in LPS - induced actue lung injury
	Effect of exogenous insulin on lung localization of ENaC in LPS-induced actue lung injury
	Exogenous insulin increased the expression of alveolar epithelial sodium channel in vivo and in vitro
	Exogenous insulin activated the P13K/Akt pathway and inhibited Nedd4-2 in vivo and in vitro
	Exogenous insulin decreased mortality of rats in LPS-induced actue lung injury

	Discussion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


