
Contents lists available at ScienceDirect

International Immunopharmacology

journal homepage: www.elsevier.com/locate/intimp

EphA2 antagonism alleviates LPS-induced acute lung injury via Nrf2/HO-1,
TLR4/MyD88 and RhoA/ROCK pathways

Guang Fenga, Bo Sunb, Hai-xia Liua, Qing-hai Liua, Lei Zhaoa, Tian-long Wanga,⁎

a Department of Anesthesiology, Xuanwu Hospital, Capital Medical University, Beijing 100053, PR China
bDepartment of Anesthesiology, The Second Affiliated Hospital of Soochow University, Suzhou 215004, PR China

A R T I C L E I N F O

Keywords:
EphA2
Acute lung injury
TLR4
Nrf2
RhoA
Acute respiratory distress syndrome

A B S T R A C T

Eph receptor tyrosine kinases have a wide range of biological functions and have gradually been recognized
increasingly as key regulators of inflammation and injury diseases. Although previous studies suggested that
EphA2 receptor may be involved in the regulation of inflammation and vascular permeability in injured lung, the
detailed effects of EphA2 on LPS-induced acute lung injury (ALI) are still inadequate and the underlying me-
chanism remains poorly understood. In this study, we detected the effects of EphA2 antagonism on inflamma-
tion, pulmonary vascular permeability and oxidative stress in LPS-induced ALI and investigate the potential
mechanism. Our results showed that EphA2 antagonism markedly inhibited the cytokines release and in-
flammatory cells infiltration in BALF, prevented the LPS-induced elevations of MPO activity and MDA level in
lung tissues. Our study also found that EphA2 antagonism significantly decreased the wet/dry ratios, reduced the
Evans blue albumin extravasation in lung tissues and obviously alleviated the LPS-induced increment of pul-
monary vascular permeability. Mechanistically, EphA2 antagonism significantly increased the activation of Nrf2
along with its target antioxidant enzyme HO-1 and inhibited the expressions of TLR4/MyD88 in lung tissues and
A549 alveolar epithelial cells. Furthermore, EphA2 antagonism dramatically inhibited the LPS-evoked activa-
tions of RhoA/ROCK in lung tissues. In conclusion, our data indicate that EphA2 receptor plays an essential role
in LPS-induced ALI and EphA2 antagonism has protective effects against LPS-induced ALI via Nrf2/HO-1, TLR4/
MyD88 and RhoA/ROCK pathways. These results suggest that antagonism of EphA2 may be an effective ther-
apeutic strategy for the treatment of ALI.

1. Introduction

Acute lung injury (ALI) and its severer form acute respiratory dis-
tress syndrome (ARDS) represent a continuum of a clinical syndrome of
respiratory failure due to refractory hypoxia [1,2]. The critical patho-
physiological processes of ALI are overwhelming inflammation, oxida-
tive stress and alveolar barrier dysfunction. In the past 40 years, there
have been significant advances in the treatment of ALI, including low
tidal volume ventilation, restrictive fluid resuscitation and higher po-
sitive end-expiratory pressure [3]. In spite of these advances, the clin-
ical mortality rate of ALI remains extremely high, up to 45% for severe
ALI [4]. Therefore, it is very important to further clarify the patho-
genesis of ALI. Novel treatment methods for ALI are urgently needed.

The Eph receptor tyrosine kinase family consists of fourteen mem-
bers in mammalian systems. According to binding specificity and se-
quence homology of their membrane-bound ligands, the Eph receptor
family are divided into EphA and EphB kinases. Previous research

indicated that EphA2 receptor maybe play a crucial role in the patho-
genesis of ALI. Researchers found that EphA2 expression was markedly
up-regulated in the lung tissues of hypoxic infected rats and EphA2
signaling may be responsible for the regulation of vascular permeability
in ALI [5,6]. Another research demonstrated that EphA2 knockout mice
had the reduced permeability and less inflammatory response than wild
type mice in bleomycin-induced lung injury model [7]. Recently, it has
been reported that EphA2 antagonism may inhibit the PI3K-Akt
pathway and attenuate inflammation [8]. Furthermore, it has been
shown that EphA2 receptor serves as an unrecognized modulator of
several inflammation pathways, including Src-NF-κB and PI3K-Akt-NF-
κB in lung injury [9]. However, the data of EphA2 receptor for the
regulation of inflammatory response, oxidative stress and pulmonary
permeability in LPS-induced ALI is still limited and specially, the un-
derlying mechanism remains poorly understood. So a better under-
standing of the role of EphA2 in LPS-induced ALI is mandatory to clarify
the mechanisms of ALI and to develop a new therapeutic strategy for
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the treatment of ALI.
Nuclear factor (erythroid-derived 2)-like 2 (Nrf2) is a regulator of

cellular resistance to oxidative stress. The physiological effects of Nrf2
and its downstream target antioxidant enzyme heme oxygenase-1 (HO-
1) have been proved to be essential for cytoprotection against oxidant
and inflammatory damage [10]. Furthermore, previous studies ex-
plored the association between Nrf2/HO-1 and some key inflammatory
regulatory pathways and found activation of Nrf2/HO-1 pathway could
inhibit NF-κB pathway [11]. Thus, Nrf2/HO-1 pathway plays a crucial
role in the pathogenesis of ALI and serves as an essential signaling
pathway during ALI [12]. As a member of Toll-like receptor family that
specifically recognizes LPS, toll-like receptor 4 (TLR4) plays a principal
role in the gram-negative bacteria infection-induced lung injury [13].
Binding to LPS, the activation of TLR4 leads to trigger the downstream
inflammatory signaling pathways and initiate the release of in-
flammatory cytokines through a myeloid differentiation factor 88
(MyD88)-dependent pathway, which is responsible for the development
of inflammatory cascade reaction in ALI [14]. The increment of pul-
monary vascular permeability is an important landmark event in the
development of ALI. Rho-kinase (ROCK) is a serine/threonine kinase,
which has been identified as the first downstream target of the small
GTP-binding protein RhoA. RhoA/ROCK signaling pathway has been
previously shown to mediate the enhancement of pulmonary en-
dothelial permeability and play an important pathophysiological role in
ALI [15,16].

Based on these previous findings, we test the hypothesis that EphA2
receptor plays an essential role in LPS-induced ALI. The aim of this
study was to explore the effects of EphA2 antagonism on inflammatory
response, oxidative stress and pulmonary vascular permeability in LPS-
induced ALI and investigate the potential mechanism.

2. Materials and methods

2.1. Major reagents

Lipopolysaccharide (E. coli 055:B5) was purchased from Sigma
Chemical Company. The enzyme linked immunosorbent assay (ELISA)
kits for determinations of IL-6 and TNF-α and the EphA2 monoclonal
antibody were supplied by American R&D Systems. The myeloperox-
idase (MPO) and the malondialdehyde (MDA) determination kits were
obtained from the Jiangsu Nanjing Jiancheng Bioengineering Institute.
The HE test kit was obtained from the Beyotime Biotechnology. Anti-
Nrf2, anti-HO-1 and anti-MyD88 antibodies were obtained from Abcam
(Cambridge, MA, USA). Anti-RhoA, anti-TLR4 and anti-p-MYPT1 anti-
bodies were supplied by Santa Cruz Biotechnology.

2.2. Animals and experimental design

Male SD rats were obtained from Shanghai Experimental Animal
Center, which were weighing approximately 250–300 g. Animals were
housed at a constant room temperature with normal circadian rhythm
and fed with a standard rodent water and diet. Rats were randomized
into the following four groups (n=6): (1) control group, (2) LPS group
(LPS 5mg/kg intratracheal instillation), (3) LPS+ EphA2 monoclonal
antibody (25 μg/kg) group, (4) LPS+EphA2 monoclonal antibody
(50 μg/kg) group. The animal model of acute lung injury was made by
intratracheal instillation of LPS (5mg/kg) according to previous studies
[17]. All animal experimental procedures were in accordance with the
guidelines of the National Institutes of Health. In this study, the effects
of EphA2 in the lungs were antagonized by injection of EphA2 mono-
clonal antibody (EphA2 Ab) according to previous studies [5,8,18].
EphA2 monoclonal antibody (25, 50 μg/kg) was subcutaneously in-
jected 30min before LPS challenge. Bronchial lavage and sample ac-
quisition were performed at 7 h after LPS administration.

2.3. Cell culture and intervention

Alveolar epithelial cells (A549) were supplied by the oncology la-
boratory of Beijing Shijitan Hospital. A549 Cells were cultured in
DMEM supplemented with 10% fetal bovine serum, 100 μg/ml strep-
tomycin and 100 U/ml penicillin in a cell culture incubator (5% CO2,
37 °C). Then, cells were seeded into six-well plates and were divided
into 3 groups: control group, LPS group and LPS+ EphA2 Ab group.
LPS group received LPS stimulation (10 μg/ml) and LPS+ EphA2 Ab
group was treated with EphA2 monoclonal antibody (5 μg/ml) 15min
before LPS stimulation. Six hours after LPS stimulation, cell samples
were collected for the following western blot detection.

2.4. Bronchoalveolar lavage fluid collection and cell count

The rat lungs were intratracheal lavaged by 5ml ice-cold PBS and
the total collection rate was about 85%. Then, the collected fluids were
centrifuged for 10min at 1500/min 4 °C. The BCA protein assay kit was
used to determinate the concentration of total protein in the super-
natant. Subsequently, 50 μl PBS was used to re-suspend the cell pellet
and the numbers of neutrophils, macrophages and total cells were
counted using a hemocytometer.

2.5. The wet to dry lung weight ratio (W/D ratio) measurement

After rats were sacrificed, the lungs were excised and weighed im-
mediately to record the wet weight. Then, the lungs were placed in the
oven for 72 h at 80 °C to get the stable dry weight. Finally, the wet/dry
ratio was calculated for the assessment of pulmonary edema.

2.6. Determination of TNF-α and IL-6 in BALF

The concentrations of inflammatory cytokines in bronchoalveolar
lavage fluid were detected with the commercial enzyme linked im-
munosorbent assay (ELISA) kits from R&D system following the man-
ufacturer's recommendations.

2.7. Measure of MPO activity and MDA level in lung tissues

Lung samples were homogenized in HEPES followed by thawed and
centrifuged. Subsequently, the MPO activities in lung homogenates
were assayed by using commercial test kits according to manufacturer's
instructions. The levels of MDA in lung tissues were evaluated with the
MDA detection kit supplied by Nanjing Jiancheng Corporation.
Procedures were according to manufacturer's instructions.

2.8. Histopathologic evaluation

When rats were sacrificed, the lungs were recruited and fixed with
buffered formalin (10%) for 48 h at 4 °C. Subsequently, the lung tissues
were embedded in paraffin and cut into 5 μm sections. The sections
were stained with hematoxylin and eosin (H&E) reagent and visualized
with a light microscope.

2.9. RhoA activation assay

RhoA activity was assessed by a pull-down assay using the RhoA
activation assay kit according to the manufacturer's guidance. As pre-
viously reported [19,20], lung tissues were lysed in MLB buffer or hy-
pertonic. Then, immunoprecipitation was used to separate of GTP-
bound RhoA from cleared lysate with glutathione S-transferase-tagged
Rhotekin Rho-binding domain protein bound to glutathione agarose.
Subsequently, the beads were washed and western blot analysis was
used to analyze the immunoprecipitates.
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2.10. Western blot analysis

We extracted proteins from lung tissues or cell samples and de-
termined the protein concentrations of samples by BCA method. Then,
equal amounts of protein were fractionated on 12% polyacrylamide
SDS gel and transferred to a polyvinylidene difluoride membrane. Next,
5% nonfat dry milk was used to block the membrane at room tem-
perature for 2 h. After that, the membrane was incubated with the
primary antibodies (1:1000) in the refrigerator at 4 °C overnight.
Subsequently, the membrane was incubated with HRP-conjugated sec-
ondary antibodies (1:10000) at room temperature for 2 h and visualized
by the enhanced chemiluminescence detection system (ECL).

2.11. Evaluation of lung capillary leakage

In this study, we used Evans blue dye to evaluate lung capillary
leakage which reflects pulmonary vascular permeability. Evans blue
dye (20mg/kg) was intravenously injected 1 h before rats were sacri-
ficed. Then, rat lung tissues were homogenized with formamide and
incubated at 37 °C for 18 h. Subsequently, the supernatant was collected
and the optical density was determined at 620 nm with spectro-
photometer after centrifugation. The content of Evans blue dye in lung
homogenate was calculated according to a standard curve and was
presented as micrograms of Evans blue dye/g of lung tissue.

2.12. Statistical analysis

All data were expressed as means ± SEM. Differences between
more than two sets of data were assessed with one-way ANOVA fol-
lowed by Tukey's post hoc test with SPSS11.0 and significant differ-
ences were considered if P < 0.05.

3. Results

3.1. Effects of EphA2 antagonism on LPS-mediated lung histopathological
changes

The histopathological changes of rat lung tissues were displayed in
Fig. 1. Control group showed normal structure with intact alveoli. In
LPS group, LPS challenge caused obvious pathologic changes, such as

thickening of alveolar wall, alveolar collapse, abundant inflammatory
cell infiltration, pulmonary edema and haemorrhagia in stroma. How-
ever, these alterations and the destruction of lung structure were ef-
fectively alleviated by EphA2 antagonism in LPS+EphA2 Ab groups.

3.2. Effects of EphA2 antagonism on the lung W/D ratio

The lung W/D ratio was measured to evaluate the degree of pul-
monary edema. As displayed in Fig. 2A, compared with control group,
the lung W/D ratio of LPS group produced a remarkable increase.
However, the increment of W/D ratio was remarkably suppressed by
EphA2 antagonism. The results indicated that EphA2 antagonism was
capable of reducing the pulmonary water content in LPS-induced ALI.

3.3. Effects of EphA2 antagonism on the content of total protein in BALF

In this study, the content of total protein in BALF was detected to
assess LPS-induced changes of pulmonary vascular leak. As displayed in
Fig. 2B, the concentration of total protein increased evidently 7 h after
LPS challenge. However, relative to LPS group, EphA2 antagonism
significantly reduced the level of total protein in BALF.

3.4. Regulation of EphA2 receptor on LPS-induced pulmonary vascular
permeability

To further investigate the regulation of EphA2 receptor on the
pulmonary vascular permeability of LPS-induced lung injury, we eval-
uated the Evans blue albumin extravasation from the vascular space
into surrounding lung tissues. As illustrated in Fig. 2C, LPS challenge
dramatically raised the accumulation of Evans blue in rat lung tissues.
However, the increases of Evans blue values in lung tissues were sig-
nificantly attenuated by EphA2 antagonism. These results suggested
that EphA2 antagonism was able to reduce the LPS-induced enhance-
ment of pulmonary vascular permeability.

3.5. Effects of EphA2 antagonism on the levels of TNF-α and IL-6 in BALF

Previous researches have proven that the increase of explosive in-
flammatory cytokines is a typical manifestation of ALI and the levels of
inflammatory cytokines are closely related to the prognosis of ALI. In

A B

DC

50μm

50μm

50μm

50μm

Fig. 1. Histologic assessment of the effects of EphA2
antagonism on LPS-induced ALI. Rats were given an
injection of EphA2 monoclonal antibody 30min be-
fore LPS administration. Lungs from each experi-
mental group were processed for histological eva-
luation at 7 h after LPS administration. (A) Control
group, (B) LPS group, (C) LPS+EphA2 Ab (25 μg/
kg) group, (D) LPS+ EphA2 Ab (50 μg/kg) group.
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the present study, we examined the classical inflammatory cytokines
TNF-α and IL-6 of ALI by ELISA. The results showed that the levels of
TNF-α and IL-6 markedly increased 7 h after LPS administration.
However, EphA2 antagonism obviously suppressed the levels of those
inflammatory cytokines in BALF (Fig. 3A and B).

3.6. Effects of EphA2 antagonism on cells counts in BALF

In the present study, cells counts (neutrophils, macrophages and
total cells) in BALF were detected to examine the influences of EphA2
antagonism on pulmonary inflammatory cell infiltration. As displayed
in Figs. 3, 7 h after LPS challenge, cell counts (neutrophils, macro-
phages and total cells) remarkably increased in BALF. Relative to LPS
group, this increase was obviously reduced by EphA2 antagonism in
LPS+EphA2 Ab groups.

3.7. Effects of EphA2 antagonism on MPO activity and MDA level in rat
lung tissues

It is well known that MPO activity can be used as a marker of
neutrophil activation. In the present study, our results demonstrated
that the MPO activity of rat lung tissues was significantly enhanced by
LPS challenge. However, EphA2 antagonism significantly inhibited the
LPS-induced MPO activity (Fig. 4A). It has been proved that MDA is the
end product of polyunsaturated fatty acids and is commonly used as a
biomarker for assessing oxidative stress. In our study, LPS stimulation
obviously induced the generation of MDA, whereas EphA2 antagonism
effectively reduced the MDA content of rat lung tissues in LPS+EphA2
Ab groups (Fig. 4B).

3.8. Regulation of EphA2 receptor on the activity of Nrf2/HO-1 in lung
tissues of LPS-challenged rats and A549 alveolar epithelial cells

As an oxidative stress sensing genetic transcription factor, Nrf2 is
considered to be a major regulator of cellular responses to LPS-induced
oxidative damage. In this study, to analyze the activation of Nrf2, we
detected the nuclear expression of Nrf2 in lung tissues by western blot
analysis. According to Fig. 5A and B, although LPS alone also induced
the increase in the nuclear expression of Nrf2, EphA2 antagonism
treatment evoked a more significant rise of Nrf2 nuclear expression in
lung tissues. The results indicated that EphA2 antagonism may mark-
edly enhance the activation of Nrf2 in LPS-induced ALI. On the other
hand, we investigated the effects of EphA2 antagonism on HO-1 ex-
pression in lung tissues of ALI rats. As shown in Fig. 5A and C, LPS
administration significantly up-regulated the expression of HO-1 in LPS
group and the expressions of HO-1 were further increased by EphA2
antagonism treatment in LPS+EphA2 Ab groups.

Based on the above findings, our results suggested that EphA2 an-
tagonism treatment could effectively activate the antioxidant pathway
Nrf2/HO-1 in LPS-induced ALI. Subsequently, we confirmed these
findings in vitro experiment. Similarly, as illustrated in Fig. 5E and F,
the results in cell experiment demonstrated that antagonism of EphA2
receptor could significantly activate Nrf2/HO-1 pathway in LPS-sti-
mulated A549 cells relative to LPS group.

3.9. Regulation of EphA2 receptor on the activity of TLR4/MyD88 in lung
tissues of LPS-challenged rats and A549 alveolar epithelial cells

To explore whether antagonizing EphA2 regulates the expression
and function of TLR4 which is the receptor for LPS, the expressions of
TLR4 and MyD88 were examined in rat lung tissues. As indicated in
Fig. 6B and C, western blotting results showed a significant increase of
TLR4 and MyD88 protein expressions in LPS group, while EphA2

A B

C

Fig. 2. Effect of EphA2 antagonism on
pulmonary vascular permeability in LPS-
induced ALI. Rats were given an injection
of EphA2 monoclonal antibody 30min
before LPS administration. (A) The lung
wet/dry weight ratio, (B) the total protein
content of BALF and (C) the lung Evans
blue values were determined at 7 h after
LPS administration. Data are presented as
means ± SEM (n=6). ##P < 0.01
versus control group; ⁎⁎P < 0.01, versus
LPS group.
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antagonism markedly attenuated this increase of TLR4 and MyD88
protein expressions in LPS+ EphA2 Ab groups. As expected, similar
results were observed in vitro (Fig. 6E and F). The protein levels of
TLR4 and MyD88 are both increased in LPS-stimulated A549 cells but
decreased under the action of EphA2 antagonism.

3.10. Regulation of EphA2 receptor on the activity RhoA/ROCK pathway in
lung tissues of LPS-challenged rats

To identify the activation of RhoA/ROCK pathway in lung tissues of
LPS-challenged rats, the expression of RhoA-GTP were measured which
represents the activation of RhoA. As shown in Fig. 7A and B, relative to
control group, the activity of RhoA was significantly enhanced after LPS
administration. However, EphA2 antagonism apparently inhibited the

activation of RhoA in LPS-challenged rats. On the other hand, to in-
vestigate the activity of ROCK, we assessed the protein level of phos-
phorylated-myosin phosphatase target subunit 1 (p-MYPT1) which is
the specific substrate of ROCK and represents the activation of ROCK.
Relative to control group, the protein level of p-MYPT1 in lung tissues
was significantly up-regulated by LPS challenge. However, as shown in
Fig. 7A and C, EphA2 antagonism remarkably attenuated the increase of
p-MYPT1 protein induced by LPS.

4. Discussion

The Eph receptor tyrosine kinases and their ephrin ligands are cell
surface molecules with extensive biological functions that regulate cell
behavior during both adult life and embryogenesis [21]. Emerging

A B

C D

E

Fig. 3. Effect of EphA2 antagonism on pulmonary inflammation of LPS-induced lung injury based on analysis of BALF. Rats were given an injection of EphA2
monoclonal antibody 30min before LPS administration. BALF was collected at 7 h after LPS administration to analyze the inflammatory cytokines (A) TNF-α and (B)
IL-6. The numbers of (C) neutrophils, (D) macrophages and (E) total cells were also measured in BALF. Data are presented as means ± SEM (n=6). ##P < 0.01
versus control group; ⁎P < 0.05, versus LPS group; ⁎⁎P < 0.01, versus LPS group.
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evidence suggests that EphA2 receptor plays important roles in a range
of inflammatory diseases [22,23]. The aim of this present work was to
investigate the role of EphA2 receptor on the regulation of the pul-
monary inflammation, oxidative stress and vascular permeability in
LPS-induced ALI and reveal the underlying molecular mechanism. Our
results illustrated that EphA2 antagonism decreased the cytokines re-
lease, inflammatory cells activation and vascular permeability, alle-
viated LPS-induced lung damage and pulmonary edema. Moreover,
EphA2 antagonism could effectively increase the activation of Nrf2/
HO-1 and inhibit the activation of TLR4/MyD88 and RhoA/ROCK in
LPS-challenged rats. Subsequently, the results of in vitro studies further
confirmed the regulation of the EphA2 receptor on Nrf2/HO-1 and
TLR4/MyD88 pathways. These data demonstrate that EphA2 receptor
contributes to the pathophysiology of LPS-induced acute lung injury
and regulates inflammation, oxidative stress and vascular permeability
in injured lungs via Nrf2/HO-1, TLR4/MyD88 and RhoA/ROCK path-
ways. Our study for the first time reported the regulation of the EphA2
receptor on the Nrf2/HO-1, TLR4/MyD88 and RhoA/ROCK pathways
in ALI. Our results suggested that EphA2 antagonism could attenuate
the increase in RhoA-dependent pulmonary vascular permeability in
LPS-induced ALI. It is meaningful for elucidating the molecular me-
chanism of EphA2 receptor regulation of pulmonary vascular perme-
ability and future studies should continue to focus on this point.

Excessive inflammatory cells activation and accumulation into the
alveolar space is the characteristic of ALI. Specially, neutrophil trans-
migration is closely related to pulmonary vascular permeability and

endothelial barrier integrity [24]. Based on our findings, the numbers of
macrophages and neutrophils in BALF were markedly reduced by
EphA2 antagonism. MPO is an enzyme located mainly in the primary
granules of neutrophils and the level of MPO is usually detected in lung
tissues to assess the activation and pulmonary infiltration of neutrophils
in ALI [25]. In the present study, treatment with EphA2 monoclonal
antibody could obvious decrease the MPO activity in lung tissues after
LPS administration which suggests that inhibition of EphA2 receptor
may inhibit the LPS-induced activation of neutrophils in lung tissues.

To further assess the regulation of EphA2 antagonism on pulmonary
inflammation, the changes of inflammatory cytokines were examined in
BALF. Over-expressed inflammatory cytokines induced by LPS, such as
TNF-α and IL-6, have been proved to participate in the development of
inflammation and play an essential role in the pathogenesis of ALI
[3,26]. These excessive cytokines not only amplify the inflammatory
cascade and cause severe lung tissue damages, but also are closely as-
sociated with the increase of MPO activity and the recruitment of
neutrophils to the lungs. It was reported that the persistent elevation of
inflammatory cytokines during ALI/ARDS was a key cause of more
severe outcomes [27]. In this study, antagonism of EphA2 receptor
obviously inhibited the release of pulmonary inflammatory cytokines.
The results suggested that the protective effects of EphA2 antagonism
on injured lungs may be related to its inhibition of inflammatory
mediators release and limitation of inflammatory response.

Hypoxemia caused by severe pulmonary edema is an important
cause of death in patients with acute lung injury [28]. Endothelial in-
jury associated increased vascular permeability was considered as the
main reason of pulmonary edema in ALI [29]. Previous studies in-
dicated that control of pulmonary vascular permeability is a critical
factor in the clinical treatment of ALI, but the present therapy for
regulating vascular permeability is still limited. In this study, the effects
of EphA2 antagonism on lung permeability were assessed by four
means. Firstly, pathological examination visually showed the reduction
of pulmonary edema by EphA2 antagonism compared with LPS group.
Secondly, we detected the lung W/D ratio and the protein extravasa-
tion. The results showed that the lung W/D ratio and the total protein in
BALF were obviously decreased by EphA2 antagonism. This results
further demonstrated that EphA2 receptor was involved in the regula-
tion of pulmonary permeability in this ALI model. Thirdly, to further
investigate and identify the effect of EphA2 antagonism on pulmonary
vascular permeability, we directly measured the lung Evans blue al-
bumin extravasation from the vascular space into surrounding lung
tissue. Our data showed that the lung Evans blue values were sig-
nificantly reduced by EphA2 antagonism relative to LPS group. Col-
lectively, these results supported that EphA2 antagonism could effec-
tively decrease pulmonary vascular permeability and thus alleviate
pulmonary edema in LPS-induced ALI.

As above, the increment of pulmonary vascular permeability is a key
event in the development of ALI/ARDS. Previous researches have
confirmed that RhoA/ROCK pathway plays an essential pathophysio-
logical role in the regulation of pulmonary vascular permeability
[15,30,31]. The small GTP-binding protein RhoA and its downstream
target Rho kinase (ROCK) regulate cellular proliferation, adherence and
migration through control of cell contraction and actin–cytoskeletal
assembly. It is well known that abnormal activation of RhoA/ROCK
pathway could elevate vascular tone through unbalancing the produc-
tion of vasoconstricting and vasodilating substances [32]. Therefore,
inhibition of RhoA/ROCK pathway could decrease vascular perme-
ability in a variety of pathological conditions. In the present study, the
activation of RhoA and ROCK was investigated in lung tissues of LPS-
treated rats. Our data showed that EphA2 antagonism could obviously
inhibit the LPS-induced activation of RhoA and ROCK in lung tissues.
The present finding is suggestive that EphA2 antagonism may decrease
the increment of pulmonary vascular permeability via RhoA/ROCK
pathway in LPS-induced ALI.

There are clear evidences that excessive oxidative stress plays a vital

A

B

Fig. 4. Effect of EphA2 antagonism on MPO activity and MDA level in lung
tissues. Rats were given an injection of EphA2 monoclonal antibody 30min
before LPS administration. (A) MPO activity and (B) MDA level were de-
termined at 7 h after LPS administration. Data are presented as means ± SEM
(n=6). ##P < 0.01 versus control group; ⁎⁎P < 0.01, versus LPS group.
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role in the pathogenesis of ALI [33,34]. Excessive oxidative stress could
stimulate pulmonary inflammatory cells activation and mediates da-
mages to alveolar epithelial cells and pulmonary vascular endothelial
cells, leading to severe lung injury. As a member of the cap-N-collar
family, Nrf2 is believed to be a major transcription factor that regulates
the expression of antioxidant enzymes mediated by antioxidant re-
sponse elements. Nrf2 plays an important regulatory role in the in-
duction of a variety of cyto-protective genes. Among these, HO-1 is one
of the genes regulated by Nrf2 and the induction of HO-1 can exert
obvious protective effects against oxidative stress [35]. It is well
documented that Nrf2/HO-1 signaling pathway also plays an important

role in regulating oxidative stress and inflammation and served as a
critical signaling pathway during ALI [36]. In our study, the activation
of Nrf2/HO-1 signaling pathway was analyzed in lung tissues and A549
cells by western blotting. The results showed that LPS alone induced
increase in the activation of Nrf2 and HO-1, while EphA2 antagonism
treatment evoked a more significant activation of Nrf2 and HO-1. The
results suggested that antagonism of EphA2 receptor may activate Nrf2
to enhance the expression of Nrf2 dependent genes, contributing to the
protective effects of EphA2 antagonism on LPS-induced ALI.

TLR4 has been well documented as a pattern recognition receptor in
acute infection-induced lung injury [37]. As an important receptor for

A
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LPS+EphA2 Ab (μg/kg)
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Fig. 5. Effect of EphA2 antagonism on the activation of Nrf2/HO-1 pathway in rat lung tissues and A549 alveolar epithelial cells. Rats were given an injection of
EphA2 monoclonal antibody 30min before LPS administration. A549 cells were treated with EphA2 monoclonal antibody (5 μg/ml) 15min before LPS (10 μg/ml)
stimulation. (A) Representative gels for Nrf2 and HO-1 in lung tissues, (B C) Quantitative analysis for Nrf2 and HO-1 in lung tissues, (D) Representative gels for Nrf2
and HO-1 in A549 cells, (E F) Quantitative analysis for Nrf2 and HO-1 in A549 cells. Data are presented as means ± SEM (n=6). ##P < 0.01 versus control group;
⁎P < 0.05, versus LPS group; ⁎⁎P < 0.01, versus LPS group.
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LPS, the activation of TLR4 may trigger several inflammatory reg-
ulatory pathways including NF-κB and MAPK through a MyD88-de-
pendent pathway, which eventually leads to the development of in-
flammatory cascade in LPS-induced ALI [14]. In this study, to confirm
the impact of EphA2 receptor on the activation of TLR4/MyD88
pathway, the protein expressions of TLR4 and MyD88 were detected in
vivo and in vitro. Our data showed that EphA2 antagonism could ef-
fectively attenuate the LPS-induced increase of TLR4 and MyD88 pro-
tein expressions in both lung tissues and A549 cells. These results

clearly demonstrated the regulatory effects of EphA2 receptor on the
TLR4/MyD88 pathway in LPS-induced ALI and our results supported
that LPS receptor maybe an important target for EphA2 antagonism
alleviating LPS-induced lung injury.

In summary, our results suggest that EphA2 antagonism may alle-
viate inflammation, oxidative stress and pulmonary vascular perme-
ability and produce beneficial actions in LPS-induced acute lung injury.
Specially, evidence from our study reveals novel potential mechanisms
that EphA2 receptor may regulate Nrf2/HO-1, TLR4/MyD88 and
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MyD88
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LPSControl 50

Fig. 6. EphA2 antagonism inhibited the expressions of TLR4 and MyD88 in rat lung tissues and A549 alveolar epithelial cells. Rats were given an injection of EphA2
monoclonal antibody 30min before LPS administration. A549 cells were treated with EphA2 monoclonal antibody (5 μg/ml) 15min before LPS (10 μg/ml) sti-
mulation. (A) Representative gels for TLR4 and MyD88 in lung tissues, (B C) Quantitative analysis for TLR4 and MyD88 in lung tissues, (D) Representative gels for
TLR4 and MyD88 in A549 cells, (E F) Quantitative analysis for TLR4 and MyD88 in A549 cells. Data are presented as means ± SEM (n=6). ##P < 0.01 versus
control group; ⁎⁎P < 0.01, versus LPS group.
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RhoA/ROCK pathways in this model. Therefore, EphA2 antagonism
may be an effective therapeutic strategy for the treatment of LPS-in-
duced ALI.

Conflicts of interest

All authors declare that they have no conflict of interest.

Acknowledgements

This study was supported by the National Natural Science
Foundation of China (No. 81200056) and the Natural Science
Foundation of Capital Medical University (PYZ2018032).

References

[1] J. Villar, D. Sulemanji, R.M. Kacmarek, The acute respiratory distress syndrome:
incidence and mortality, has it changed? Curr. Opin. Crit. Care 20 (1) (2014) 3–9.

[2] M.A. Matthay, R.L. Zemans, The acute respiratory distress syndrome: pathogenesis
and treatment, Annu. Rev. Pathol. 6 (2011) 147–163.

[3] J. Villar, A.S. Slutsky, GOLDEN anniversary of the acute respiratory distress syn-
drome: still much work to do!, Curr. Opin. Crit. Care 23 (1) (2017) 4–9.

[4] R.M. Sweeney, D.F. McAuley, Acute respiratory distress syndrome, Lancet 388
(10058) (2016) 2416–2430.

[5] M.A. Cercone, W. Schroeder, S. Schomberg, T.C. Carpenter, EphA2 receptor med-
iates increased vascular permeability in lung injury due to viral infection and hy-
poxia, Am. J. Physiol. Lung Cell. Mol. Physiol. 297 (5) (2009) L856–L863.

[6] J. Larson, S. Schomberg, W. Schroeder, T.C. Carpenter, Endothelial EphA receptor
stimulation increases lung vascular permeability, Am. J. Physiol. Lung Cell. Mol.
Physiol. 295 (3) (2008) L431–L439.

[7] T.C. Carpenter, W. Schroeder, K.R. Stenmark, E.P. Schmidt, Eph-A2 promotes
permeability and inflammatory responses to bleomycin-induced lung injury, Am. J.
Respir. Cell Mol. Biol. 46 (1) (2012) 40–47.

[8] J.Y. Hong, M.H. Shin, K.S. Chung, E.Y. Kim, J.Y. Jung, Y.A. Kang, Y.S. Kim,

B C

A

GTP-RhoA

total-RhoA

β-Actin

25

LPS+EphA2 Ab (μg/kg)
LPSControl 50

total-MYPT1

p-MYPT1

Fig. 7. EphA2 antagonism inhibited the activation of RhoA/ROCK pathway in lung tissues of LPS-challenged rats. Rats were given an injection of EphA2 monoclonal
antibody 30min before LPS administration. The expressions of (B) GTP-RhoA and (C) p-MYPT1 were detected by Western blotting. Data are presented as
means ± SEM (n=6). ##P < 0.01 versus control group; ⁎⁎P < 0.01, versus LPS group.

G. Feng, et al. International Immunopharmacology 72 (2019) 176–185

184

http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0005
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0005
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0010
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0010
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0015
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0015
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0020
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0020
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0025
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0025
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0025
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0030
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0030
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0030
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0035
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0035
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0035
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0040


S.K. Kim, J. Chang, M.S. Park, EphA2 receptor signaling mediates inflammatory
responses in lipopolysaccharide-induced lung injury, Tuberc. Respir. Dis. (Seoul) 78
(3) (2015) 218–226.

[9] J.Y. Hong, M.H. Shin, I.S. Douglas, K.S. Chung, E.Y. Kim, J.Y. Jung, Y.A. Kang,
S.K. Kim, J. Chang, Y.S. Kim, M.S. Park, Inhibition of EphA2/EphrinA1 signal at-
tenuates lipopolysaccharide-induced lung injury, Clin. Sci. (Lond.) 130 (21) (2016)
1993–2003.

[10] N. Lampiasi, G. Montana, An in vitro inflammation model to study the Nrf2 and NF-
kappaB crosstalk in presence of ferulic acid as modulator, Immunobiology 223
(4–5) (2018) 349–355.

[11] R. Velagapudi, A. Kumar, H.S. Bhatia, A. El-Bakoush, I. Lepiarz, B.L. Fiebich,
O.A. Olajide, Inhibition of neuroinflammation by thymoquinone requires activation
of Nrf2/ARE signalling, Int. Immunopharmacol. 48 (2017) 17–29.

[12] N.M. Reddy, S.R. Kleeberger, T.W. Kensler, M. Yamamoto, P.M. Hassoun,
S.P. Reddy, Disruption of Nrf2 impairs the resolution of hyperoxia-induced acute
lung injury and inflammation in mice, J. Immunol. 182 (11) (2009) 7264–7271.

[13] J.L. Murdock, G. Nunez, TLR4: the winding road to the discovery of the LPS re-
ceptor, J. Immunol. 197 (7) (2016) 2561–2562.

[14] A. Roy, M. Srivastava, U. Saqib, D. Liu, S.M. Faisal, S. Sugathan, S. Bishnoi,
M.S. Baig, Potential therapeutic targets for inflammation in toll-like receptor 4
(TLR4)-mediated signaling pathways, Int. Immunopharmacol. 40 (2016) 79–89.

[15] L. Yao, M.J. Romero, H.A. Toque, G. Yang, R.B. Caldwell, R.W. Caldwell, The role of
RhoA/Rho kinase pathway in endothelial dysfunction, J. Cardiovasc. Dis. Res. 1 (4)
(2010) 165–170.

[16] J. Han, R. Ding, D. Zhao, Z. Zhang, X. Ma, Unfractionated heparin attenuates lung
vascular leak in a mouse model of sepsis: role of RhoA/Rho kinase pathway,
Thromb. Res. 132 (1) (2013) e42–e47.

[17] W. Shen, J. Gan, S. Xu, G. Jiang, H. Wu, Penehyclidine hydrochloride attenuates
LPS-induced acute lung injury involvement of NF-kappaB pathway, Pharmacol. Res.
60 (4) (2009) 296–302.

[18] D.M. Brantley, N. Cheng, E.J. Thompson, Q. Lin, R.A. Brekken, P.E. Thorpe,
R.S. Muraoka, D.P. Cerretti, A. Pozzi, D. Jackson, C. Lin, J. Chen, Soluble Eph A
receptors inhibit tumor angiogenesis and progression in vivo, Oncogene 21 (46)
(2002) 7011–7026.

[19] X. Xie, J. Peng, X. Chang, K. Huang, J. Huang, S. Wang, X. Shen, P. Liu, H. Huang,
Activation of RhoA/ROCK regulates NF-kappaB signaling pathway in experimental
diabetic nephropathy, Mol. Cell. Endocrinol. 369 (1–2) (2013) 86–97.

[20] B. Li, M.A. Antonyak, J. Zhang, R.A. Cerione, RhoA triggers a specific signaling
pathway that generates transforming microvesicles in cancer cells, Oncogene 31
(45) (2012) 4740–4749.

[21] A. Barquilla, E.B. Pasquale, Eph receptors and ephrins: therapeutic opportunities,
Annu. Rev. Pharmacol. Toxicol. 55 (2015) 465–487.

[22] A.W. Boyd, P.F. Bartlett, M. Lackmann, Therapeutic targeting of EPH receptors and

their ligands, Nat. Rev. Drug Discov. 13 (1) (2014) 39–62.
[23] K. Ieguchi, Eph as a target in inflammation, Endocr Metab Immune Disord Drug

Targets 15 (2) (2015) 119–128.
[24] V. Neudecker, K.S. Brodsky, E.T. Clambey, E.P. Schmidt, T.A. Packard,

B. Davenport, T.J. Standiford, T. Weng, A.A. Fletcher, L. Barthel, J.C. Masterson,
G.T. Furuta, C. Cai, M.R. Blackburn, A.A. Ginde, M.W. Graner, W.J. Janssen,
R.L. Zemans, C.M. Evans, E.L. Burnham, D. Homann, M. Moss, S. Kreth,
K. Zacharowski, P.M. Henson, H.K. Eltzschig, Neutrophil transfer of miR-223 to
lung epithelial cells dampens acute lung injury in mice, Sci. Transl. Med. 9 (408)
(2017).

[25] D. Reumaux, M. de Boer, A.B. Meijer, P. Duthilleul, D. Roos, Expression of mye-
loperoxidase (MPO) by neutrophils is necessary for their activation by anti-neu-
trophil cytoplasm autoantibodies (ANCA) against MPO, J. Leukoc. Biol. 73 (6)
(2003) 841–849.

[26] M.A. Matthay, Y. Song, C. Bai, K.D. Jones, The acute respiratory distress syndrome
in 2013, Transl. Respir. Med. 1 (1) (2013) 10.

[27] A. Binnie, J.L. Tsang, C.C. dos Santos, Biomarkers in acute respiratory distress
syndrome, Curr. Opin. Crit. Care 20 (1) (2014) 47–55.

[28] S. Han, R.K. Mallampalli, The acute respiratory distress syndrome: from mechanism
to translation, J. Immunol. 194 (3) (2015) 855–860.

[29] R. Herrero, G. Sanchez, J.A. Lorente, New insights into the mechanisms of pul-
monary edema in acute lung injury, Ann. Transl. Med. 6 (2) (2018) 32.

[30] P.A. Wilkins, T. Seahorn, Acute respiratory distress syndrome, Vet. Clin. North Am.
Equine Pract. 20 (1) (2004) 253–273.

[31] Y. Li, Y. Wu, Z. Wang, X.H. Zhang, W.K. Wu, Fasudil attenuates lipopolysaccharide-
induced acute lung injury in mice through the Rho/Rho kinase pathway, Med. Sci.
Monit. 16 (4) (2010) BR112–118.

[32] L. Julian, M.F. Olson, Rho-associated coiled-coil containing kinases (ROCK):
structure, regulation, and functions, Small GTPases 5 (2014).

[33] N.A. Soliman, D.H. Zineldeen, M.A. Katary, D.A. Ali, N-acetylcysteine a possible
protector against indomethacin-induced peptic ulcer: crosstalk between anti-
oxidant, anti-inflammatory, and antiapoptotic mechanisms, Can. J. Physiol.
Pharmacol. (2016) 1–8.

[34] J. Bi, R. Cui, Z. Li, C. Liu, J. Zhang, Astaxanthin alleviated acute lung injury by
inhibiting oxidative/nitrative stress and the inflammatory response in mice,
Biomed. Pharmacother. 95 (2017) 974–982.

[35] A. Paine, B. Eiz-Vesper, R. Blasczyk, S. Immenschuh, Signaling to heme oxygenase-1
and its anti-inflammatory therapeutic potential, Biochem. Pharmacol. 80 (12)
(2010) 1895–1903.

[36] A. Lam, N. Vetal, S. Matalon, S. Aggarwal, Role of heme in bromine-induced lung
injury, Ann. N. Y. Acad. Sci. 1374 (1) (2016) 105–110.

[37] R. Hu, H. Xu, H. Jiang, Y. Zhang, Y. Sun, The role of TLR4 in the pathogenesis of
indirect acute lung injury, Front. Biosci. (Landmark Ed) 18 (2013) 1244–1255.

G. Feng, et al. International Immunopharmacology 72 (2019) 176–185

185

http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0040
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0040
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0040
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0045
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0045
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0045
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0045
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0050
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0050
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0050
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0055
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0055
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0055
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0060
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0060
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0060
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0065
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0065
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0070
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0070
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0070
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0075
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0075
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0075
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0080
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0080
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0080
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0085
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0085
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0085
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0090
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0090
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0090
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0090
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0095
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0095
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0095
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0100
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0100
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0100
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0105
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0105
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0110
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0110
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0115
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0115
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0120
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0120
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0120
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0120
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0120
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0120
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0120
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0125
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0125
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0125
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0125
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0130
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0130
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0135
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0135
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0140
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0140
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0145
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0145
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0150
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0150
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0155
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0155
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0155
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0160
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0160
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0165
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0165
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0165
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0165
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0170
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0170
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0170
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0175
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0175
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0175
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0180
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0180
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0185
http://refhub.elsevier.com/S1567-5769(19)30145-6/rf0185

	EphA2 antagonism alleviates LPS-induced acute lung injury via Nrf2/HO-1, TLR4/MyD88 and RhoA/ROCK pathways
	Introduction
	Materials and methods
	Major reagents
	Animals and experimental design
	Cell culture and intervention
	Bronchoalveolar lavage fluid collection and cell count
	The wet to dry lung weight ratio (W/D ratio) measurement
	Determination of TNF-α and IL-6 in BALF
	Measure of MPO activity and MDA level in lung tissues
	Histopathologic evaluation
	RhoA activation assay
	Western blot analysis
	Evaluation of lung capillary leakage
	Statistical analysis

	Results
	Effects of EphA2 antagonism on LPS-mediated lung histopathological changes
	Effects of EphA2 antagonism on the lung W/D ratio
	Effects of EphA2 antagonism on the content of total protein in BALF
	Regulation of EphA2 receptor on LPS-induced pulmonary vascular permeability
	Effects of EphA2 antagonism on the levels of TNF-α and IL-6 in BALF
	Effects of EphA2 antagonism on cells counts in BALF
	Effects of EphA2 antagonism on MPO activity and MDA level in rat lung tissues
	Regulation of EphA2 receptor on the activity of Nrf2/HO-1 in lung tissues of LPS-challenged rats and A549 alveolar epithelial cells
	Regulation of EphA2 receptor on the activity of TLR4/MyD88 in lung tissues of LPS-challenged rats and A549 alveolar epithelial cells
	Regulation of EphA2 receptor on the activity RhoA/ROCK pathway in lung tissues of LPS-challenged rats

	Discussion
	Conflicts of interest
	Acknowledgements
	References




