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Background: Acute lung injury (ALl) is a severe and life-threatening disorder treated in intensive care units. This study aimed
to determine molecules or associated signaling pathways that are involved in lipopolysaccharide (LPS)-induced
inflammation in an ALI model.

Material/Methods: An ALl mouse model was established by administering LPS (25 mg/kg via intratracheal instillation). Thirty-two
ALl mice were divided into Model-4 h, Model-8 h, Model-12 h, and Model-24 h groups, while another 8 mice
without LPS treatment were assigned as the Control group. Hematoxylin-eosin (HE) staining was used to eval-
uate inflammation of lung tissues. Wet weight/dry weight (W/D) ratio and myeloperoxidase (MPO) activity of
lung tissue in ALl mice were evaluated. Expressions of Bcl-2, Bcl-XL, Bak, Bax, cleaved caspase-3 (C-caspase-3),
and Ran-binding protein in microtubule-organizing center (RanBPM) were determined using Western blot
analysis.

Results: LPS administration caused obvious inflammatory cell infiltration of lung tissues in ALI mice. The W/D ratio of
ALl mouse lung tissues was significantly higher in Model groups than in the Control group (p<0.05). MPO ac-
tivity of ALI mice was remarkably higher in Model groups compared to the Control group (p<0.05). LPS-induced
ALl model mice exhibited significantly higher levels of C-caspase 3 lung tissues compared to the Control group
(p<0.05). LPS-induced ALl model mice had significantly lower Bcl-XL/Bcl-2 and remarkably higher Bak/Bax ex-
pression compared with the Control group (p<0.05). LPS-induced ALl model mice displayed obviously higher
RanBPM expression than in the Control group (p<0.05).

Conclusions: Lipopolysaccharide-induced acute lung injury is associated with increased RanBPM molecule expression and
with mitochondria-mediated apoptosis signaling pathway in a mouse model.
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Background

Acute lung injury (ALI) is a severe and life-threatening disorder
that usually occurs in intensive care units (ICU) worldwide [1,2].
ALl is generally induced by respiratory infections, inhalation
damage, gastric-contents aspiration, trauma, and sepsis [3].
ALl occurs appropriately in 2 000 000 individuals each year
worldwide, causing high rates of mortality and morbidity [4].
Clinically, ALI is mainly characterized by pulmonary edema,
alveolar infiltration, and diffuse inflammation [5]. Although
the clinical symptoms are usually similar, the underlying trig-
gers for ALl can be heterogeneous, such as acute respiratory
distress syndrome [6] and blood transfusions in transfusion-
related acute lung injury (TRALI) [7]. In murine TRALI models,
LPS has been used as a priming agent [8,9]. The high mortal-
ity rates of ALl patients are partly due to lack of understand-
ing of the specific mechanisms underlying the pathogenesis
and lack of effective treatments.

The increased alveolar capillary membrane permeability par-
ticipates in the pathophysiological mechanism of ALl and is
caused by intensive inflammation [10], leading to clinical man-
ifestations such as severe hypoxemia, poor lung compliance,
and serious bilateral infiltration. Endotoxin inhalation in ani-
mals can be used to mimic ALl caused by gram-negative bac-
teria, inducing pulmonary edema, neutrophil recruitment,
and gas exchange damage [11]. Myeloperoxidase (MPO) can
catalyze formation of oxidants and reflects the infiltration of
neutrophils [12]. The wet weight/dry weight (W/D) ratio can
reflect the degree of pulmonary edema in lung tissues [13].
Therefore, MPO and W/D ratio are considered to be markers
for ALl pathology.

In recent years, a lipopolysaccharide (LPS)-induced approach
has been extensively used as an efficient strategy for generat-
ing an ALl animal model by triggering inflammatory respons-
es [14,15]. LPS is usually administered by inhalation, with a
dose of 25 mg/kg for mice [15]. The LPS-induced ALI animal
model has been become a widely acknowledged strategy for
exploring anti-ALl drugs and studying potential mechanisms.
Although many studies have assessed pathogenetic factors for
ALl, the mortality rate has remained relatively unchanged [16],
and the molecular signaling pathway involved in LPS-caused
ALl in the mouse model is unclear.

There are many signaling pathways involved in apoptosis, and
it has been reported that the mitochondria-mediated apop-
totic signaling pathway is involved in ALI [17]. The mitochon-
dria-mediated apoptotic pathway involves anti-apoptotic mol-
ecules (Bcl-XL and Bcl-2) and pro-apoptotic molecules (Bax and
Bak), which are biomarkers for mitochondria-mediated apopto-
sis [18]. Ran-binding protein in microtubule-organizing center
(RanBPM) acts as an acetylcholinesterase-interacting molecule
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and participates in apoptosis [19]. Therefore, we speculated
that the mitochondria-mediated apoptotic signaling pathway
and the RanBPM molecule participate in ALl pathogenesis.

In the present research, the LPS-caused ALl mouse model was
generated and demonstrated severe inflammatory responses.
The inflammation was observed in vivo and the apoptosis-asso-
ciated molecules or signaling pathways involved in acute lung
injury were explored in this study. Our results may provide an
effective basis for assessing acute lung injury through target-
ing the mitochondria-mediated apoptosis signaling pathway
and RanBPM in future investigations.

Material and Methods

Establishment of the ALl animal model

The C57BL/6 mice, age 6-8 weeks and weight 200-220 g,
were obtained from the Experimental Animal Center of Nanjing
University of Traditional Chinese Medicine. The mice had free
access to standard diet and water. The acute lung injury mouse
model was established according to the method previously pub-
lished [20,21], with some modifications. Briefly, the ALI mouse
model the established via nasal administration of 25 mg/kg
LPS (Sigma-Aldrich, St. Louis, MO, USA).

The animal experiments were conducted according to the
1996 NIH Guidelines for Care and Use of Laboratory Animals.
This study was approved by the Institutional Animal Care and
Use Committee (IACUC) of Nanjing University of Traditional
Chinese Medicine.

Trial grouping and sample collection

We randomly assigned 40 mice into a 5 groups: the Control
group (administrating with PBS, n=8), the Model-4 h group
(administered 25 mg/kg LPS by intratracheal instillation and
killed 4 h after administration), the Model-8 h group (admin-
istered LPS 25 mg/kg by intratracheal instillation and killed
8 h after administration), the Model-12 h group (administered
LPS 25 mg/kg by intratracheal instillation and killed 12 h af-
ter administration), and the Model-24 h group (administered
25 mg/kg LPS by intratracheal instillation and killed 24 h af-
ter administration). In ALl model groups, the dosage of LPS
(25 mg/kg) was administered to mice according to the meth-
od described in a previous study [22]. Mice in each group were
killed at different time points and lung tissues were isolated
for experiments.
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Hematoxylin-eosin (HE) staining

The isolated lung tissues of mice were fixed using 10% buffered
formalin (Sigma-Aldrich) for 24 h and dehydrated via wash-
ing with gradient ethanol (Sigma-Aldrich). Lung tissues were
then embedded in paraffin and cut into 5-pm sections for HE
staining. Images of stained sections were obtained by fluores-
cence microscopy (model X71, Olympus, Tokyo, Japan) by ran-
domly selecting 20 fields. The HE-stained histological imag-
es were scored using a histological scoring system described
in a previous study [23], using the formula: Score=[(20xA)+
(14xB)+(7xC)+(7xD)+(2xE)]/(number of fieldsx100), in which
A represents neutrophils in alveolar space, B represents neu-
trophils in interstitial space, C represents hyaline membranes,
D represents proteinaceous debris-filling airspaces, and E rep-
resents alveolar septal thickening.

Evaluation for wet weight/dry weight (W/D) ratio for lung
tissue

At 4 h, 8 h, 12 h, and 24 h after administration of LPS, mice
were killed and lung tissues were isolated. The freshly har-
vested lung tissue was weighed using an electronic balance
and defined as the wet weight of lung tissue. Then, the lung
tissues were dried in an oven at 80°C for 48 h, achieving the
constant weight of tissues (weight difference between 2 con-
secutive times was less than 0.3 mg). Finally, we calculated
the ratio of wet weight to dry weight (W/D ratio).

Myeloperoxidase (MPO) activity assay

The MPO activity of lung tissue was measured using the MPO
Detection Kit (Cat. No. AO44, Nanjing Jiancheng Bioengineering
Institute, Nanjing, China), according to the protocol of the
manufacturer.

Western blot assay

The lung tissues of mice were pooled together and lysed us-
ing RIPA lysis buffer (Beyotime Biotech, Shanghai, China) to
obtain the proteins, which were then quantified, loaded onto
SDS-PAGE gels, and electro-transferred onto PVDF membranes
(Amersham Biosciences, Piscataway, NJ, USA). PVDF mem-
branes were blocked with 5% non-fat milk and then incubat-
ed with rabbit anti-human Bcl-XL (Cat. No. ab32370, 1: 3000),
rabbit anti-human Bcl-2 (Cat. No. ab32124, 1: 3000), rab-
bit anti-human Bak (Cat. No. ab32371, 1: 2000), rabbit anti-
human Bax (Cat. No. ab182733, 1: 2000), rabbit anti-human
RanBPM (Cat. No. ab205954, 1: 2000), rabbit anti-cleaved cas-
pase-3 (Cat. No. ab2302, 1: 2000), and rabbit anti-human B-ac-
tin (Cat. No. ab1376, 1: 2000) overnight at 4°C. Subsequently,
PVDF membranes were washed in phosphate-buffered sa-
line Tween-20 (PBST, Beyotime Biotech) and incubated using
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HRP-labeled goat anti-rabbit IgG (Cat. No. ab6721, 1: 1000) for
2 h at room temperature. Western blotting bands were visual-
ized with a BeyoECL kit (Cat. No. P0018S, Beyotime Biotech).
Finally, stained images were analyzed with the Tanon 5200
Automatic Chemiluminescence Imaging Analysis System (Tanon
Sci. Tech. Co., Shanghai, China).

Statistical analysis

Data are shown as meantstandard deviation (SD) and were an-
alyzed using professional SPSS software (version: 22.0, SPSS,
Inc., Chicago, IL, USA). Tukey’s post hoc test validated ANOVA
was used to compare the data among multiple groups. A p
value less than 0.05 was defined as indicating a statistically
significant difference.

Results

Histopathological evaluation for lung tissues

In the Control group, the alveolar structure was normal, the al-
veolar wall was thin, and there was no inflammatory cell infil-
tration in the alveolar cavity (Figure 1A). Model-4 h, Model-8 h,
Model-12 h, and Model-24 h groups had pulmonary capillary
congestion, pulmonary hemorrhage, neutrophil aggregation or
infiltration in the pulmonary space of the vascular wall, and
thickening of the alveolar wall or formation of a transparent
membrane (Figure 1A). The pathology of lung tissues was the
most significant in the Model-24 h group (Figure 1A). The sta-
tistical analysis of histological scores showed that the Model
groups had significantly higher histological scores compared
to the Control group (Figure 1B, p<0.05), especially for the
Model-24 h group, which had the highest histological score
among all Model groups (Figure 1B).

W/D ratio was increased in lung tissues of ALl mice

Compared to the Control group, W/D ratios of Model groups
were significantly increased (Figure 2, p<0.05). Compared
with the Model-8 h group and Model-24 h group, the W/D
ratio of the Model-4 h group was also remarkably increased
(Figure 2, p<0.05). However, no significant differences were
found among the Model-8 h, Model-12 h, and Model-24 h
groups (Figure 2, p>0.05).

MPO activity was increased in lung tissues for ALl mice

The results indicated that MPO activities for Model groups
were significantly higher than in the Control group (Figure 3,
p<0.05). Moreover, no significant differences were discovered
in MPO activity among all 4 Model groups (Figure 3, p>0.05).
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Figure 1. Pathological changes of inflammations in lung tissues for the ALI mouse models in different groups according to HE staining.
(A) HE staining images. (B) Statistical analysis of histological scores for HE-stained images. Magnification, 100x. * p<0.05 vs.

Control group.

LPS-induced ALI model mice exhibited high levels of
cleaved caspase 3 in lung tissues

According to the results of Western blot assay for assessing
cleaved caspase 3 (C-caspase 3) expression (Figure 4A), we
found that the C-caspase 3 expression was significantly higher
in the Model-8 h, Model-12 h, and Model-24 h groups than in
the Control group (Figure 4B, p<0.05). Additionally, C-caspase
3 expression was also remarkably higher in the Model-24 h

group compared to that in the Model-4 h, Model-8 h, and
Model-12 h groups (Figure 4B, p<0.05).

LPS-induced ALI model illustrated decreased anti-apoptotic
molecules expression

In this study, the levels of anti-apoptotic molecules Bcl-XL and
Bcl-2 were assessed using Western blot assay (Figure 5A), show-
ing that expression of Bcl-XL molecule was remarkably lower
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Figure 2. Determination for W/D ratio of the lung tissues in ALI
mice of different groups. * p<0.05 vs. Control group.
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Figure 3. MPO activity evaluation of lung tissues for ALl mouse
models in different groups. " p<0.05 vs Control group.

in the Model groups compared with that of the Control group
(Figure 5B, p<0.05), but no significant differences were found
in expression of Bcl-XL molecule among the Model groups
(Figure 5B, p>0.05). Moreover, Bcl-2 expression in Model groups
was also remarkably lower compared to that of the Control
group (Figure 5C, p<0.05). Also, expression of Bcl-2 molecule
of Model-24 h group was remarkably lower compared to that
of the Model-4 h and Model-8 h groups (Figure 5C, p<0.05).
Additionally, after treatment with LPS, Bcl-2 expression dem-
onstrated a time-dependent increase (Figure 5C).

LPS-induced ALI model demonstrated increased pro-
apoptotic molecules expression

We also assessed the expression of the pro-apoptotic molecules
Bak and Bax using Western blot assay (Figure 6A). Our findings
demonstrated that expression of Bak molecule in Model groups
was obviously higher than in the Control group (Figure 6B,
p<0.05). Expression of Bax molecule of in the Model groups
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Figure 4. Effects for the LPS administration on C-caspase 3
expression in the lung tissues of the ALl mouse
models. (A) Western blotting images for expressed
C-caspase 3. (B) Statistical analysis for expression of
C-caspase 3 in lung tissues of mice. The lung tissues of
mice in each group were pooled together for Western
blotting assay. * p<0.05 vs, Control group; * p<0.05
vs. Model-4 h group; & p<0.05 vs. Model-8 h group;
$ p<0.05 vs. Model-12 h group.

was remarkably higher than in the Control group (Figure 6C,
p<0.05), but we found no significant differences in Bak and
Bax expression among all Model groups (Figure 6B, 6C, p>0.05).

LPS-induced ALI model displayed enhanced RanBPM
expression in lung tissues

In this study, we also verified expression of Ran-binding pro-
tein in microtubule-organizing center (RanBPM) using Western
blot assay (Figure 7A). The present results showed that expres-
sion of RanBPM was obviously higher in Model groups com-
pared with the Control group (Figure 7B, p<0.05). Moreover,
expression of RanBPM molecule was remarkably higher in
the Model-24 h group compared to that in the Model-4 h,
Model-8 h, and Model-12 h groups (Figure 7B, p<0.05).

Discussion

ALl is a critical clinical disorder caused by internal and external
factors, with typical clinical manifestations of progressive dys-
pnea and refractory hypoxemia [24,25]. The specific mechanism
underlying ALl is unknown and there is no effective treatment.
The ALI model induced by LPS is closely related to the patho-
logical injury of pneumonia, which is characterized by release
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Figure 5. Evaluation for effects of LPS administration on Bcl-XL and Bcl-2 expression in lung tissues for ALl mouse models. (A) Western
blotting images for expression of the Bcl-XL and Bcl-2. (B) The statistical analysis of the expression of Bcl-XL molecule in the
lung tissues. (C) Statistical analysis for expression of Bcl-2 molecule in lung tissues of mice. The lung tissues of mice in each
group were pooled together for Western blotting assay. * p<0.05 vs. Control group; * p<0.05 vs. Model-4 h group; & p<0.05 vs.
Model-8 h group; ¢ p<0.05 vs. Model-12 h group.
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Figure 6. LPS administration reduced expression of Bak and Bax in lung tissues for the ALl mouse models. (A) Western blotting images
for expression of the Bak and Bax molecules. (B) The statistical analysis of expression of Bak molecule in lung tissues of
mice. (C) Statistical analysis of expression of Bax molecule in lung tissues of mice. The lung tissues of mice in each group
were pooled together for Western blotting assay. * p<0.05 vs. Control group.
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Figure 7. LPS-induced ALI mice demonstrated higher RanBPM
expression in the lung tissues of the ALl mouse
models. (A) Expression of RanBPM molecule
determined using Western blotting. (B) The statistical
analysis of the expression of RanBPM molecule in
lung tissues of mice. The lung tissues of mice in each
group were pooled together for Western blotting assay.
* p<0.05 vs. Control group.

of a many inflammatory mediators and infiltration of neutro-
phils in lung tissues [26]. In the present study, the pathologi-
cal manifestations of lung tissues in an LPS-caused ALl mouse
model were congestion, hemorrhage, and microthrombosis of
pulmonary microvasculature. The presence of abundant ede-
ma fluid and inflammatory cell infiltration in pulmonary inter-
stitium and alveoli shows that the ALI mouse model was suc-
cessfully generated by treatment with LPS.

The main reasons for increased wet weight of lung tissue are
pulmonary interstitial and alveolar edema, increased inflamma-
tory cells, protein exudation, vascular congestion, and throm-
bosis [27]. The main reasons for the increase of dry weight are
protein exudation, thrombosis, and increased numbers of in-
flammatory cells [27]. The W/D ratio of lung tissue is consid-
ered an important index to reflect degree of pulmonary ede-
ma [13]. MPO, a peroxidase released by neutrophils, can reflect
the activation and infiltration of neutrophils [12]. Compared
with the Control group, the W/D ratio and MPO activity in lung
tissues of the Model groups were significantly higher, which
suggests that the LPS-induced ALI mouse model was success-
fully established. The significant increase of W/D ratio in the
Model-4 h group might be associated with the early inflam-
matory edema of lung tissues of ALl mice.

ANIMAL STUDY

The regulatory pathways of apoptosis include mitochondria-
mediated pathway, death receptor-mediated pathway, and en-
doplasmic reticulum-mediated pathway, and the mitochondrial-
mediated pathway is attracting growing attention [28]. In the
mitochondria-mediated pathway, the pro-apoptotic BH3 mol-
ecule is activated by the toxic stimulation and interacts with
anti-apoptotic Bcl-2 or Bcl-xL by inhibiting Bcl-2 or Bcl-xL ex-
pression [29]. Bax and Bak can freely induce mitochondrial per-
meability to increase and release cytochrome C, then activate
caspase 9 and further activates caspase 3, and finally induce
apoptosis [30]. In this study, we found that, compared with
the Control group, expression of Bcl-XL and Bcl-2 proteins in
the Model groups was significantly downregulated in a time-
dependent manner. Compared with the Control group, expres-
sion Bax and Bak proteins in the Model groups was remarkably
upregulated in a time-dependent manner. Moreover, levels of
cleaved caspase 3, which is an active form of caspase 3 [31],
were significantly higher in the Model-8 h, Model-12 h, and
Model-24 h groups than in the Control group. Therefore, the
LPS administration caused the activated caspase 3 mediat-
ed apoptosis in the lung tissues of ALl mice. All of the above
results suggest that LPS administration significantly induces
apoptosis through activating the mitochondria-mediated sig-
naling pathway. These findings remind us that the mitochon-
dria-mediated apoptosis should be considered carefully when
investigating the role of molecules in LPS-induced animal mod-
els. However, our study did not determine the specific mecha-
nism underlying the LPS-induced apoptotic pathway by evaluat-
ing activities of the other caspases and cytochrome C levels in
lung tissues, all of which could further strengthen our findings.

RanBPM is a nucleo-cytoplasmic and evolutionarily conserved
molecule that participates in many intra-cellular pathways via
modulating various cellular functions [32] such as apoptosis,
cell migration, cell adhesion, and transcription [33]. A previous
study [34] also reported that RanBPM could mimic or potenti-
ate amyloid B (AB) to induce mitochondrial dysfunction, and fi-
nally cause neurodegenerative progress in Alzheimer’s disease.
In our LPS-induced ALI model, RanBPM demonstrated the same
apoptosis-promoting effect in lung injury cells, which is con-
sistent with the change in Bax and Bak expression. Therefore,
RanBPM may participate in the Bcl-2 family-mediated mitochon-
drial apoptosis pathway. However, this study only investigated
the changes in related protein expression, and could not clar-
ify the specific role of RanBPM in the mitochondria-mediated
apoptosis pathway. Moreover, the targeting cells for RanBPM
have not been identified in this study, which is a limitation.

Conclusions

LPS administration causes obvious inflammatory cell infil-
tration, increased W/D ratio, and MPO activity. Meanwhile,
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LPS administration decreased Bcl-XL and Bcl-2 expression,
increased Bak and Bax expression, enhanced RanBPM expres-
sion, and upregulated cleaved caspase 3 expression in lung
tissues in the ALl mouse model groups. In summary, lipopoly-
saccharide-induced acute lung injury is associated with in-
creased RanBPM molecule expression and with the mitochon-
dria-mediated apoptosis signaling pathway in a mouse model.
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