Int J Clin Exp Pathol 2015;8(12):15670-15676
www.jjcep.com /ISSN:1936-2625/1JCEPO009641

Original Article

Losartan attenuated lipopolysaccharide-induced lung
injury by suppression of lectin-like oxidized
low-density lipoprotein receptor-1

Wang Deng, Yue Deng, Jia Deng, Dao-Xin Wang, Ting Zhang

Department of Respiratory Medicine, The Second Affiliated Hospital of Chongqing Medical University, Chongqing
40010, China

Received April 27, 2015; Accepted October 21, 2015; Epub December 1, 2015; Published December 15, 2015

Abstract: Introduction: Recent study has shown that renin-angjotensin system plays an important role in the devel-
opment of acute lung injury (ALI) with high level of angiotensin Il (Angll) generated form Angl catalyzed by angioten-
sin-converting enzyme. Angll plays a major effect mainly through AT1 receptor. Therefore, we speculate inhibition
of AT1 receptor may possibly attenuate the lung injury. Losartan, an antagonist of AT1 receptor for angiotensin I,
attenuated lung injury by alleviation of the inflammation response in ALI, but the mechanism of losartan in ALl still
remains unclear. Methods: Thirty male Sprague-Dawley rats were randomly divided into Control group, ALl group
(LPS), and Losartan group (LPS + Losartan). Bronchoalveolar lavage fluid (BALF) and lung tissue were obtained for
analysis. The expressions of lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1), intercellular adhesion
molecule-1 (ICAM-1) and caspase-3 were detected by reverse transcriptase polymerase chain reaction (RT-PCR)
and western blotting. Results: In ALI group, TNF-a and protein level in BALF, MPO activity in lung tissue, pulmonary
edema and lung injury were significantly increased. Losartan significantly reduced LPS-induced increase in TNF-a
and protein level in BALF, MPO activity, pulmonary edema and lung injury in LPS-induced lung injury. The mRNA and
protein expression levels of LOX-1 were significantly decreased with the administration of losartan in LPS-induced
lung injury. Also, losartan blocked the protein levels of caspase-3 and ICAM-1 mediated by LOX-1 in LPS-induced
lung injury. Conclusions: Losartan attenuated lung injury by alleviation of the inflammation and cell apoptosis by
inhibition of LOX-1 in LPS-induced lung injury.
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Introduction

Acute lung injury (ALI) is a common clinical syn-
drome characterized by pulmonary inflamma-
tion induced by a large variety of inflammatory
cells and the damage of pulmonary capillary
vessel induced by inflammation infiltration with
a high mortality of 40% [1]. Though some
research results have implied the potential
mechanism in the inflammation during ALI, it
still remains unclear that needs further
investigation.

It has been recently found that renin-angioten-
sin system plays an important role in the devel-
opment of ALl [2]. Angiotensin-converting
enzyme (ACE) has key function in the renin-

angiotensin system. ACE cleaves angiotensin |
to generate angiotensin Il (Angll), whereas ACE2
inactivates Ang Il as a negative regulator of
the system. The study showed that the level of
Ang Il was increased which contributed to the
inflammation during ALIl. Losartan, an antago-
nist of AT1 receptor for angiotensin Il, have
been reported to attenuate lung injury in ALI [3].

Lectin-like oxidized low-density lipoprotein
receptor-1 (LOX-1), the receptor for oxidized low-
density lipoprotein, was expressed in endothe-
lial cells, macrophages or smooth muscle cells
and is a Type Il membrane protein with a typical
C-type lectin structure at the extracellular
C-terminus [4, 5]. Recent study has shown that
blockade of LOX-1 prevented acute lung inflam-
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mation and injury, which indicated its valuable
therapeutic target in ALl [6]. However, how this
LOX-1 has the effect on inflammation in ALl has
not yet been elucidated.

In this study, we aimed to investigate the effect
of LOX-1 in ALI. We found that losartan, an
antagonist of AT1 receptor for angiotensin I,
attenuated lung injury by suppression of LOX-1
in LPS-induced ALI.

Methods
Materials

Male Sprague-Dawley rats weighing 210-250 g
(Department of Laboratory Animal Center,
Chongging Medical University) were housed
under specific pathogen-free conditions in a
temperature- and humidity-controlled environ-
ment and given free access to food and water
with the Guide for the Care and Use of
Laboratory Animals. Lipopolysaccharide (LPS,
Escherichia coli serotype 0111:B4) were pur-
chased from Sigma (St Louis, MO, USA).
Antibody against LOX-1 was purchased from
Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Antibody against intercellular adhesion
molecule-1 (ICAM-1) was purchased from
Abcam (Cambridge, UK). Antibody against cas-
pase-3 was purchased from Cell Signaling
Technology (Beverly, MA, USA). Losartan was
purchased from Cayman Chemical (Ann Arbor,
MlI, USA).

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

Animal model and intervention

Rats were randomly divided into Control group,
ALl group (LPS), and Losartan group (LPS +
Losartan). Rats were anesthetized by intraperi-
toneal administration of 50 mg/kg sodium pen-
tobarbital. After anesthetization, LPS at a dose
of 5.0 mg/kg was administered via intratrache-
al injection previously described [7]. In Losartan
group, losartan at a dose of 8.0 mg/kg was
given intraperitoneally after exposure to LPS
immediately [3]. Rats in control group were
received an equivalent volume of saline. Rats
were killed 6 hours after LPS or saline treat-
ment. Blood sample, bronchoalveolar lavage
fluid (BALF) and lung tissue were obtained for
analysis.
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Tumor necrosis factor-a and protein level in
BALF

BALF was collected after infusion with 0.9%
NaCl for six times in the left lung. After centrifu-
gation at 14,000 rpm for 30 minutes at 4°C,
the supernatant was collected for total protein
analysis by a protein assay kit (Key-GEN,
KeyGEN Bio TECH Co., Nanjing, China). The rest
was for tumor necrosis factor-a (TNF-a) analy-
sis according to the manufacturer’s instruc-
tions of ELISA kit (Sunbio, Sun Biomedical
Technology, Beijing, China).

Myeloperoxidase assay in lung tissue

Inflammatory cell sequestration in lung was
analyzed by myeloperoxidase (MPO) activity [8].
MPO activity was determined by a MPO assay
kit (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China) according to the manufactur-
er's instructions.

Wet-to-dry ratio analysis

The upper right lungs were weighed to obtain
its wet weight, then placed in an oven at 70°C
for 72 hours to obtain its dry weight. Later, pul-
monary edema was determined by calculating
the wet-to-dry ratio.

Lung histology

Lung tissues were harvested and fixed by 10%
neutral buffered formalin for 24 hours. Then
they were embedded in paraffin and were
mounted onto glass slides for hematoxylin and
eosin staining after section.

Reverse transcription polymerase chain reac-
tion (RT-PCR)

Total RNA was extracted by Trizol reagent
(Bioss, Beijing, China) according to the manu-
factures’ instructions. First strand of cDNA was
synthesized by reverse transcription. Primer
sequences for PCR amplification were: LOX-1
(328 bp), 5-GACTGGATCTGGCATAAAGA-3’ (for-
ward) and 5-CCTTCTTCTTCTGACATATGCTG-3’
(reverse); reverse); B-actin (206 bp), 5’-TTCCAG-
CCTTCCTTCCTGG-3’ (forward) and 5-TTGCGCT-
CAGGAGGAGCAAT-3’ (reverse).

Reverse transcription and polymerase chain
reaction conditions were 94°C for 60 seconds,
35 cycles of denaturation at 94°C for 30 sec-
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Figure 1. Measurement of TNF-a (A) and protein level (B) in bronchoalveolar lavage fluid 6 hours after LPS or saline
treatment (n=10). Data are presented as mean + S.E.M. *P<0.05 vs LPS; #P<0.05 vs LPS + Losartan.
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Figure 2. Measurement of myeloperoxidase (MPO)
in lung tissue 6 hours after LPS or saline treat-
ment (n=10). Data are presented as mean + SEM.
*P<0.05 vs LPS; #P<0.05 vs LPS + Losartan.

onds, annealing at 55°C for 45 seconds and
polymerization at 72°C for 60 seconds. Each
PCR product was run on a 1.5% agarose gel
containing ethidium bromide and was visual-
ized with Gel Imaging System (Bio-Rad,
Hercules, CA, USA).

Western blotting

Proteins were obtained with 1 ml of lysis buffer
and 1 ml of extraction buffer. 100 ug of each
protein sample was separated by 10% SDS-
PAGE and transferred to polyvinylidene fluoride
membranes. After blocking with 5% nonfat
dried milk in Tris-buffered saline and shaking
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Figure 3. Measurement of pulmonary edema 6 hours
after LPS or saline treatment (n=10). Data are pre-
sented as mean + SEM. *P<0.05 vs LPS; #P<0.05
vs LPS + Losartan.

for one hour at room temperature, the mem-
branes were incubated with primary antibodies
LOX-1 (1:500), ICAM-1 (1:2000) and caspase-3
(1:1000) overnight, then were incubated with
horseradish peroxidase-conjugated secondary
antibody (1:2000) for 1 hour. The protein bands
were colored by a Western Blot Enhanced
Chemiluminescence (ECL) method and were
visualized by with Gel Imaging System (Bio-Rad,
Hercules, CA, USA).

Statistical analysis
All data were described as mean + SEM.

Statistical analysis was performed by Student’s
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Figure 4. Changes of lung histology 6 hours after LPS or saline treatment. A. Control group: No histologic changes
were observed. B. LPS group: massive neutrophil infiltration in the interstitial, intraalveolar edema and hemorrhagic
foci in the alveolar spaces, thickening of alveolar septa. C. LPS + Losartan group: Losartan significantly attenuated

LPS-induced lung injury. Original magnification: 400x.
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Figure 5. Expressions of LOX-1 in rat lung was measured by RT-PCR (A) and western blotting (B) 6 hours after LPS or
saline treatment (n=5). Data are presented as mean + S.E.M. *P<0.05 vs LPS; #P<0.05 vs LPS + Losartan.

t-test and one-way analysis of variance (ANOVA)
using SPSS 12.0 software. P<0.05 was consid-
ered statistically significant.

Results

Effect of losartan on Tumor necrosis factor-o
and protein level in BALF

Losartan significantly reduced LPS-induced
increase in TNF-a and protein level in BALF,
which indicated the effect of attenuation of
inflammatory infiltration and edema exudation
by losartan in LPS-induced lung injury (Figure
1).
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Effect of losartan on neutrophil infiltration in
LPS-induced acute lung injury

MPOQO activity, an indicator of neutrophil activa-
tion [9], was significantly increased in LPS-
induced lung injury. However, losartan decre-
ased MPO activity in LPS-induced lung injury
(Figure 2).

Effect of losartan on pulmonary edema in LPS-
induced acute lung injury

Losartan attenuated LPS-induced pulmonary
edema in ALI (Figure 3).
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Figure 6. Expressions of caspase-3 and intercellular adhesion molecule-1 (ICAM-1) in rat lung was measured by
western blotting 6 hours after LPS or saline treatment (n=5). Data are presented as mean + SEM. *P<0.05 vs LPS;

#P<0.05 vs LPS + Losartan.

Effect of losartan on lung histology in LPS-
induced acute lung injury

The lung tissue was injured with the presence
of massive neutrophil infiltration in the intersti-
tial, intra-alveolar edema and hemorrhagic foci
in the alveolar spaces, thickening of alveolar
septa in LPS group compared with that in con-
trol group. Losartan attenuated LPS-induced
lung pathologic changes (Figure 4).

Effect of losartan on the expression of LOX-1
in LPS-induced acute lung injury

The mRNA and protein expression levels of
LOX-1 in rat lung showed significant increases
by LPS treatment, but the mRNA and protein
expression levels of LOX-1 were significantly
decreased with the administration of losartan
in LPS-induced lung injury (Figure 5).

Effect of losartan on the expression of cas-
pase-3 and ICAM-1 in LPS-induced acute lung
injury

To further investigate the effect of LOX-1 in
LPS-induced lung injury by losartan treatment,
the protein levels of caspase-3 and ICAM-1
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were performed by western blotting. The result
showed that losartan blocked the protein levels
of caspase-3 and ICAM-1 mediated by LOX-1,
which implied the apoptotic and inflammatory
effect of LOX-1 in LPS-induced lung injury
(Figure 6).

Discussion

Mass aggregation of neutrophils in the lung
leads to the release of oxygen free radicals,
protease and other inflammatory mediators,
which led to the inflammatory injury of alveolar
epithelial cells and pulmonary capillary endo-
thelial cells [10]. Uncontrolled systemic inflam-
matory response is the root cause of ALI.

It has been recently found that renin-angioten-
sin system plays an important role in the devel-
opment of ALI. The level of Ang Il was increased
in the lung during ALI, which further promoted
the inflammatory response by binding to the
AT1 receptor [3]. Recent study has shown that
ACE had a protective effect in oleic-induced
lung injury [11]. Losartan is a blocker of AT1
receptor, which can block the bacterial-mediat-
ed neutrophil activation and aggregation in rat
lung so as to attenuate lung injury in ALI [3, 12,
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13]. In our study, administration of losartan sig-
nificantly alleviated TNF-a« and protein level in
BALF, MPO activity in lung tissue in the rat
model of ALI, which indicated its anti-inflamma-
tory response by blocking of inflammatory fac-
tor in LPS-induced lung injury. Also, losartan
attenuated LPS-induced lung pathologic chang-
es by HE staining.

LOX-1 is a C-type plant lectin family with type 2
membrane protein structure, which has a high
degree of homology with the natural killer cell
receptors, of which the main function is the
identification of target cells and the activation
of natural killer cells [14]. LOX-1 is not only an
oxidized low density the plasma lipoprotein
receptor, but also a cell adhesion molecule
involving the inflammatory response. In addi-
tion, LOX-1 is able to be combined with the neu-
trophils, which contributes to the neutrophil-
mediated acute inflammatory response [15,
16]. LOX-1 neutralizing antibodies can reduce
the exudation of the white blood cells and pro-
tein and decrease the mortality of endotoxin-
shock animals [17]. Recent study has shown
that LOX-1 participated the LPS-mediated ALl,
which suggested an important factor in ALI;
also a variety of inflammatory mediators can
promote LOX-1 protein expression [18, 19]. In
the study, the mRNA and protein expressions of
LOX-1 were increased in LPS-induced lung inju-
ry, but the expression level of LOX-1 were
decreased by losartan intervention, which sug-
gested that LOX-1 could be induced by LPS and
protective effect of losartan in ALI was possibly
achieved by inhibiting LOX-1 expression via AT1
receptor pathway. In addition, ICAM-1 is an
important factor involved neutrophil aggrega-
tion in inflammation [20]. Caspase-3 reflects
the apoptosis [21]. In the study, losartan was
able to decrease the LOX-1-mediated expres-
sions of ICAM-1 and caspase-3 in LPS-induced
lung injury, which was consistent with the previ-
ous results [19].

Conclusions

In this study, the results suggested that losar-
tan attenuated lung injury by alleviation of the
inflammation and cell apoptosis by inhibition of
LOX-1 in LPS-induced lung injury.
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