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Abstract: Acute respiratory distress syndrome (ARDS) is a critical condition often seen in respiratory clinics.
MicroRNA-151 (miR-151) plays crucial roles in respiratory disease. However, its functions and mechanisms on lipo-
polysaccharide (LPS) induced ARDS rats have not been reported. Wistar rats were randomly assigned into a normal
control group, an ARDS group which received 5 pg/g LPS injection for model preparation, and an miR-151 group
which received lentivirus transfection on ARDS rats. Real-time quantitative PCR was employed to measure miR-151
expression. The arterial blood gas index was measured, along with the wet/dry (W/D) ratio of lung tissues, myeloper-
oxidase (MPO) and superoxide dismutase (SOD) activity, and the protein content and cell count in bronchoalveolar
lavage fluid (BALF). An ELISA assay was used to measure the expressions of tumor necrosis factor-a (TNF-ot) and
interleukin-2 (IL-2). Real-time PCR and Western blot were adopted to measure the pulmonary expression of NF-kB
mRNA and protein. The ARDS group had decreased miR-151 expression, suppressed arterial blood-gas and SOD,
plus a higher W/D ratio and MPO. The protein content and cell count of BALF were increased in the ARDS rats, which
had higher TNF-a, IL-2, and NF-kB expressions (P<0.05 compared to the control group). The MiR-151 group showed
a remarkable improvement of the blood-gas index and had a lower W/D ratio, MPO activity, a higher SOD activity,
and decreased expression of TNF-a, IL-2, and NF-kB (P<0.05 compared to the ARDS group). miR-151 showed down-
regulation in the rat ARDS model. miR-151 regulation can suppress NF-kB expression by modulating oxidative stress
and alleviating inflammation, thus improving pathological changes in ARDS rats.
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Introduction

Acute respiratory distress syndrome (ARDS) is
a critical condition often seen in respiratory
clinics, and with a mortality rate as high as
50%, it has drawn interest from critical medi-
cine clinicians [1, 2]. ARDS has multiple induc-
ing factors and can be caused by pneumonitis,
abnormal expiration, pulmonary contusion, in-
trapulmonary/systemic severe infection, or
severe lung injury. Various lethal factors can
cause diffused damage to lung tissues and
lead to clinical syndromes characterized by
refractory hypoxia and progressive respiratory
stress [3, 4]. ARDS is also the pulmonary pre-
sentation of systemic inflammation response
syndrome (SIRS) or multi-organ dysfunction [5].
ARDS has complicated pathogenic mechanis-

ms, and its major pathological features include
inflammatory cascade injury on vascular endo-
thelial cells, neutrophils aggregation in lung
mesenchyme and alveolus, leading to increased
permeability of pulmonary vessels causing pul-
monary edema [6]. Among multiple inducing
factors, sepsis can lead to high a incidence of
ARDS with early onset [7, 8]. Due to the impor-
tant factors contributing to ARDS, sepsis com-
plicated with ARDS commonly occurs in inten-
sive care units (ICU) and has a high mortality
rate [9]. The occurrence of sepsis is closely
related to the bacterial release of lipopolysac-
charides (LPS) in plasma [10].

MicroRNA (miR) is widely distributed in both ani-
mal and plant cells and is a group of small mol-
ecule RNA with biological functions [11, 12].
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microRNA is a group of small molecular RNA
containing 19~25 nucleotides, sharing similar
molecular biological features [13, 14]. MiR-151
plays crucial roles in the progression of respira-
tory diseases [15]. However, the expression
and related mechanisms of miR-151 in ARDS
are still unclear. This study thus established an
LPS-induced ARDS rat model, on which the
functional role and related mechanism of miR-
151 on ARDS was analyzed.

Materials and methods
Experimental animals

A total of 60 healthy Wistar rats (2 months old,
SPF grade, body weight 250 + 20 g) were pur-
chased from the laboratory animal center of
Soochow University and were kept in an SPF
grade facility. The temperature was fixed at 21
+ 1°C, with the relative humidity set at 50-70%,
and a 12 h light/dark cycle was maintained. All
animal experiments were performed by experi-
enced technicians following protocols that were
approved by the ethical committee of The First
Affiliated Hospital of Soochow University.

Reagents and equipment

Sodium pentobarbital was purchased from
Beijing Chemical Reagents Company (China).
The test kits for MPO and SOD were purchased
from Jiancheng Bioengineering (China). The
chemical reagents for Western blot were pur-
chased from Beyotime (China). The ECL reagent
was purchased from Amersham Bioscience
(US). Rabbit anti-mouse NF-kB monoclonal anti-
body and goat anti-rabbit horseradish peroxi-
dase labelled IgG secondary antibody were pur-
chased from Cell Signaling (US). The ELISA kits
for TNF-a0 and IL-2 were purchased from R&D
(US). The lentivirus vector for miR-151 was con-
structed by Jikai Gene (China). The RNA extrac-
tion kit and the reverse transcription kit were
purchased from Axygen (US). Other common
reagents were purchased from Sango Bio
(China). A Model 7700 fluorescent quantitative
PCR cycler was purchased from ABI (US). A
Labsystem Version 1.3.1 microplate reader
was purchased from Bio-Rad (US). A blood gas
analyzer for small animals was purchased from
Nova Biomedical (US). A UV spectrophotometer
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was purchased from METTLER TOLEDO (Swe-
den).

Animal model preparation and grouping

A total of 60 healthy male Wistar rats, fed nor-
mally for 2 weeks, were randomly assigned into
three groups (N=20 each), including a normal
control group, an ARDS group, which received 5
pg/g LPS to prepare a rat ARDS model, and an
miR-151 group that received an miR-151 lenti-
virus transfection on ARDS model rats.

Preparation of rat ARDS model by LPS and
treatment

Based on previous studies [16], the rats were
anesthetized using 50 mg/kg sodium pento-
barbital (1%) via intraperitoneal injection. The
rats were fixed on a table, and an incision was
made on the neck to expose the trachea, into
which 5 pg/g LPS was slowly dropped for even
distribution into bilateral lung tissues. After
suturing the incision by layers, 24 ml/kg saline
was injected for fluid replenishment. The con-
trol group received a similar treatment to those
in the model group, except that an equal vol-
ume of PBS was used instead of LPS. Lentivirus
vector and miR plasmid were co-transfected
into the 293T cell line kept in-house. Viral par-
ticles were packaged, collected and con-
densed. A 4 x 107 IU viral vector containing the
miR-151 plasmid was infused via the trachea
during the model preparation.

Sample tissue collection

6 h after treatment, all three rat groups were
anesthetized using 10% hydrate chloral. Blood
samples were collected from the abdominal
aortae and were centrifuged at 2000 rpm for
10 min to extract the serum from the upper
layer. Serum samples were separated and kept
at -20°C. The rats were sacrificed, and the left
upper lung lobule tissue from each was collect-
ed to measure the wet/dry (W/D) ratio. Other
lung tissues were kept at -80°C.

Histochemistry analysis of lung tissue
The lung tissue was collected, fixed in formalin
(10%) for 24-48 hrs and then placed in ethanol

until being put in paraffin, sectioned (5 yum) and
stained with hematoxylin and eosin (HE).
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Table 1. Synthesized primer sequence

was plotted based on the concen-

Gene Forward primer 5’-3’

Reverse primer 5’-3’

tration of standard curves. The A

values at 565 nm were measured

GADPH  AGTGCCAGCCTCGTCTCATAG CGTTGAACTTGCCGTGGGTAG

miR-151 GCAGGGAATCCCAAGGGTT  GGAGTTGATGTCTTCGCGTC
NF-kB GATATCCAGGGAGTTTGGGA  ATGTCCAGGGTTCATTGGTCTGT

to deduce the sample protein con-
tent based on the standard curve

Blood-gas analysis and W/D assay

A blood-gas analyzer was used to quantify the
arterial blood oxygen pressure (Pa0,) in all
groups of rats, and the pH values were deter-
mined also. The surface water on the left upper
pulmonary lobules was removed by filtered
water. The wet weight of the lung tissues was
measured. The lung tissues were then dried for
24 h in preparation for measuring their dry
weight. The W/D ratio was calculated to evalu-
ate the condition of the pulmonary edema.

Assay for lung tissue MPO activity

Following the test kit's instruction manual, 100
mg cryopreserved lung tissues were homoge-
nized on a cold phosphate potassium buffer
and were centrifuged at 4°C with 30000 g for
30 min. The precipitation was re-suspended in
a 50 mmol/L phosphate potassium buffer.
After a 60°C water-bath for 2 h, the mixture
was centrifuged at 4°C with 40000 g for 130
min. The supernatant was retracted and was
mixed with a reaction buffer. The absorbance
value (A) was measured by UV spectrometry at
a wavelength of 460 nm. MPO activity (in U/g) =
A x 13.5/lung wet weight (g).

Analysis of SOD activity in rat pulmonary tis-
sues

The activity of SOD was detected in rat pulmo-
nary tissues following the test kit's instruction
manual. In brief, the lung tissue proteins were
extracted, denatured in a 95°C water-bath for
40 min, and then rinsed in cold water. After a
4000 rpm centrifugation for 10 min, an etha-
nol-chloroform mixture (5:3 in v/v) was used to
extract the ethanol phase in tissue homoge-
nate for measuring LDH and total SOD activity.

BALF protein quantification and cell count
Following the test kit’s instruction manual, the

BCA approach was used to measure the protein
content of BALF. A standard curve for proteins
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and were presented as mg/ml.
Increased values of protein thus
indicated an increased permeability of pulmo-
nary micro vessels. BALF samples were centri-
fuged and the cell precipitation was re-sus-
pended into 0.1 ml saline for preparing the
smear slides. Under the microscope, 200 cells
were counted for neutrophils and lymphocytes.

Real-time PCR

Real-time PCR was used to measure the expres-
sions of NF-kB mRNA and miR-151. Under ster-
ile conditions, lung tissue mRNA was extracted
using Trizol reagent on ice, and cDNA was syn-
thesized using relevant primers (Table 1). Real-
time PCR was then used to quantify target gene
expressions under the following conditions:
52°C for 1 min, followed by 35 cycles each con-
taining 90°C 30 s, 58°C 50 s and 72°C 35 s.
For RAGE and NF-kB, conditions were: 55°C for
1 min, followed by 90°C 30 s, 62°C 50 s and
72°C 35 s in 35 cycles. A fluorescent quantita-
tive PCR cycler was used to collect data. CT val-
ues were calculated based on the internal ref-
erence gene GAPDH to plot the standard curve.
The quantitative analysis was performed using
the 22t approach.

ELISA assay for serum TNF-ox and IL-2 expres-
sion

The serum samples collected from all the
groups of rats were kept at -80°C. An ELISA kit
was used to detect the expression of TNF-a and
IL-2 in the supernatant. The experimental proto-
cols followed the ELISA kit's instruction manu-
al. Following a concentration of standard sam-
ples and relevant A values, a linear regression
function was plotted, and sample concentra-
tion was calculated on the regression function
based on the A values of the samples.

Western blot for NF-kB protein expression

Nuclear and cytoplasmic protein was isolated
using a Nuclear and Cytoplasmic Protein Ex-
traction kit (Beyotime Biotechnology, catalogue
number: PO027, Nantong, China) according to
manufacturer’s instructions. For the Western
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Control group

Figure 1. HE staining of lung tissue. Each lung was isolated from the mice in the different groups followed by being
fixed, sectioned and stained with HE for the analysis of the pathological changes of the lung.

1.2

* #
0.8 -
0.6 - *
0.4 =
0.2 -
0

Control group ARDS group miR-151 group

Relative expression of miR-151

Figure 2. Expressional change of miR-151 in rat lung
tissues. “P<0.05 compared to the control group;
#P<0.05 compared to the ARDS group.

blotting assay, the proteins were separated by
10% SDS-PAGE and were transferred to a PVDF
membrane under 100 mA for 1.5 h. Non-
specific binding backgrounds were removed
with 5% defatted milk powder incubation for 2
h at room temperature. A primary antibody
against NF-kB p65, p-p65, Histone H3.1,
GAPDH (1:500 dilution) was added for a 4°C
overnight incubation. On the next day, the mem-
brane was washed in PBST and was cultured
within 1:2000 diluted goat anti-rabbit second-
ary antibody for 30 min and then incubated at
room temperature. After PBST washing, the
membrane was developed for 1 min for the
X-ray film exposure. Protein imaging processing
and Quantity One software were used for the
scanning of the X-ray film and for measuring the
band density. All the experiments were per-
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formed four times (n=4) for the statistical
analysis.

Statistical processing

SPSS 16.0 software was used for the statistical
analysis. Measurement data were presented
as the mean + standard deviation (SD), The
comparison of the means across multiple
groups was performed using one-way analysis
of variance (ANOVA). Statistical significance
was defined when P<0.05.

Results
Lung pathological changes

HE staining was performed to evaluate the
pathological changes of the lungs in the differ-
ent groups. As seen in Figure 1, the alveolar
structure of the lung tissue in the control group
was clear without inflammatory cell infiltration
around the small trachea at the end of alveoli.
The ARDS group showed an unclear alveolar
lung tissue structure and a reduced diameter of
the small trachea at the end of alveolar as well
as a decreased alveolar volume due to the infil-
tration of a large number of inflammatory cells.
However, reduced inflammatory cell infiltration
and increased alveolar volume were found in
the miR-151 group.

Expression change of mir-151 in rat pulmo-
nary tissues

Real-time PCR was used to analyze the expres-
sional change of miR-151 in rat lung tissues.
The results showed that ARDS rats had a sig-
nificantly decreased expression of miR-151
(P<0.05 compared to the control group). A lenti-
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Table 2. Comparison of blood-gas analysis and W/D

BALF from the ARDS group (P<0.05

Group Pa0, (mmHg) pH

compared to the control group). The

Control 125.22 + 23.21

7.36 + 0.06 4.21+0.41
ARDS 5221 +11.73" 6.51+0.05" 7.89+0.72"
miR-151  101.76 + 15.21** 6.9+ 0.06"* 6.12 + 0.51"*

up-regulation of miR-151 significantly
suppressed the number of neutrophils
and lymphocytes in the BALF of the
ARDS rats (P<0.05 compared to the

“P<0.05 comparing to control group; #P<0.05 comparing to ARDS group.

' Control group
M ARDS group
M miR-151 group

*

Neutrophils and lymphocytes in BALF (*10%)

Neurophil Lymphocyte

Figure 3. Cell count of BALF cells in rats. "P<0.05
compared to the control group; *P<0.05 compared
to the ARDS group.

virus vector was used to transfect miR-151 into
ARDS rats for up-regulation (P<0.05 comparing
to ARDS group, Figure 2).

Blood-gas analysis and W/D ration compari-
son among all the groups of rats

We further tested arterial Pa02, pH and blood-
gas indexes among all the groups of rats, and
we measured the W/D ratio of rat lung tissues
to evaluate the severity of pulmonary edema.
The results indicated that ARDS induced a sig-
nificant decease of Pa0, and pH values (P<0.05
compared to the control group). After up-regu-
lating miR-151, the PaO, and pH values of the
ARDS rats were significantly elevated (P<0.05
compared to the ARDS group). The ARDS rats
also had an elevated W/D ratio of lung tissues
(P<0.05 comparing to control group). The up-
regulation of miR-151 also decreased the W/D
ratio of the lung tissues (P<0.05 compared to
the ARDS group, Table 2).

Enumeration of BALF cells
The different types of cells in BALF were enu-

merated. The results showed a significant in-
crease of neutrophils and lymphocytes in the
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ARDS group, Figure 3).

Change of oxidative stress among all
groups of rats

We further measured the activity change of
MPO and SOD in rat pulmonary tissues from all
groups. The results showed a significant in-
crease of MPO activity plus a lower SOD con-
tent in the lung tissues after ARDS (P<0.05
compared to the control group). The up-regula-
tion of miR-151 can remarkably inhibit MPO
activity and enhance SOD content (P<0.05
compared to the ARDS group, Table 3).

Serum TNF-a and IL-2 expression in rats

We employed an ELISA assay to measure the
serum expression of TNF-a and IL-2. The results
indicated significantly elevated serum TNF-a
and IL-2 in the ARDS rats (P<0.05 compared to
the control group). The up-regulation of miR-
151 remarkably inhibited serum TNF-a and IL-2
expressions in the ARDS rat serum (P<0.05
compared to the ARDS group, Figure 4).

mRNA and protein expression of NF-kB in rat
lung tissues

Real-time PCR and Western blot were used to
measure the effect of miR-151 on mRNA and
the protein expression of NF-kB in ARDS rat
lung tissues. The results showed significantly
elevated NF-kB mRNA expression in ARDS rat
lung tissues (P<0.05 compared to the control
group) (Figure 5A). The up-regulation of miR-
151 significantly inhibited the expression of
NF-kB mRNA expression as well as nuclear p65
and cytoplasm p-p65 (Figure 5B, 5C) in lung
tissues (P<0.05 compared to the ARDS group).

Discussion

ARDS caused diffused structural changes in
pulmonary tissues, leading to an increased per-
meability of lung alveolar micro vessels and
large amounts of protein containing edema
fluid inside the lung tissues that cannot be
effectively cleared [17]. The most important
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Table 3. Oxidative stress index for all groups of rats

Parameters Control group ARDS group miR-151 group

MPO (U/g) 217 +0.68 9.75+1.21° 531+ 117"
SOD (U/mg) 31.22 +5.18 13.23 + 4.51° 21.21 + 6.12"*

“P<0.05 compared to the control group; #P<0.05 compared to the

ARDS group.
700 I Control group
Il ARDS group
600 = W miR-151 group

Expression of TNF-a and IL-2 (pg/ml)

TNF-a IL-2

Figure 4. Expression of serum TNF-ac and IL-2 expres-
sion in rats. "P<0.05 compared to the control group;
#P<0.05 compared to the ARDS group.

pathological reason for ARDS is pulmonary
inflammation and edema, leading to alveolar
wall collapse and respiratory dysfunction [18].
This study utilized LPS to prepare an ARDS rat
model which showed a dysfunction of blood-
gas function and a higher W/D ratio, indicating
the occurrence of lung edema and respiratory
dysfunction. During ARDS, the activation of
inflammatory cells causes the further secretion
of inflammatory cytokines such as TNF-a and
IL-2 [19]. The exudation of protein-enriched
fluid can increase the amounts of proteins and
neutrophils or lymphocytes in BALF, further
aggravating lung injury, and may cause respira-
tory failure or death [20]. This study demon-
strated that increased amounts of TNF-a and
IL-2, plus significantly elevated neutrophils and
lymphocytes in BALF in ARDS, suggests severe
lung injury.

miRNA has pluripotent functions and can regu-
late body growth and development, enhancing
environmental adaption. Due to its multiple
forms of expression, miRNA can be mediated
by various physiological and developmental sig-
nals [21]. miR-151 has been reported to partici-
pate in the regulation of tumors, and cardiovas-
cular and respiratory diseases [22]. However,
its role in ARDS has not been reported. This
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study demonstrated that the down-regula-
tion of miR-151 in the ARDS group, and the
up-regulation of miR-151 in ARDS signifi-
cantly improved blood-gas, decreased the
W/D ratio and MPO activity, and increased
SOD activity and suppressed TNF-a and
IL-2. Further mechanistic studies found that
miR-151 up-regulation in ARDS can sup-
press the expression of nuclear factor NF-kB
gene and protein expression. NF-kB plays cru-
cial roles in mediating the gene transcription of
inflammatory factors. During the occurrence
and progression of lung injury, NF-kB can mod-
ulate multiple factors related to lung injury
including inflammatory cytokines and adhesion
molecules. The inflammatory mediator can fur-
ther modulate pulmonary vascular endothelial
cells or alveolar epithelial cells, causing a
breakdown of the lung-blood barrier [23]. SOD
is an important anti-oxidase in lung tissues for
the clearance of free oxygen radicals and plays
important roles in body oxidation/anti-oxida-
tion homeostasis. MPO is a neutrophilic lyso-
some enzyme that can reflect the aggregation
of neutrophil cells [24, 25]. This study indicated
that the modulation of miR-151 could relieve
ARDS by inhibiting the mRNA or protein expres-
sion of NF-kB and regulating the oxidative
stress response. This study only describes the
functional role and regulatory mechanism in an
ARDS animal model, and further studies should
be performed to investigate the regulatory tar-
gets of miR-151 and to illustrate the related
pathogenesis mechanisms of ARDS, thus pro-
viding evidence for the analysis of ARDS’ occur-
rence and pathological processes.

Conclusion

miR-151 involves down-regulation in a rat ARDS
model. The regulation of miR-151 can improve
ARDS related pathological changes by modulat-
ing the oxidative stress response, alleviating
inflammation, and suppressing NF-kB expres-
sion.
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