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Abstract: Traumatic hemorrhagic shock (THS) is a serious and life-threatening complication of severe trauma that
leads to acute lung injury; however, the detailed mechanism underlying THS remains unknown. Here, a rat THS mod-
el was established, involving the examination of interleukin (IL)-1 and IL-18 in serum; IL-1, IL-6, monocyte chemoat-
tractant protein (MCP)-1, and keratinocyte chemoattractant (KC) in primary alveolar epithelial cells and alveolar
macrophages; and the receptors for IL-1 and IL-18 (IL-1R and IL-18R, respectively) in primary alveolar macrophages.
IL-37-regulated miRNAs were selected, identified by qRT-PCR, and validated using a dual-luciferase reporter gene
assay. As expected, the expression of IL-1 and IL-18 was increased with prolonged trauma, peaking at 48 h, and was
significantly decreased after hIL-37 treatment. Lung tissue was severely damaged with hyperemia of lung capillar-
ies, and epithelial cell shedding, which was restored to normal after hiL-37 treatment. The ratio of wet to dry lung
was significantly decreased after hlL-37 treatment, as well as the total protein measured in the bronchoalveolar
lavage fluid (BALF) and fluorescein isothiocyanate (FITC)-dextran assay. Similarly, the expression of IL-1, IL.-6, MCP-1,
and KC in the lung, primary alveolar epithelial cells, and alveolar macrophages was significantly decreased after
hIL-37 treatment, in addition to IL-1R and IL-18R in alveolar macrophages. The ratio of firefly luciferase/Renilla lucif-
erase was significantly decreased, and indicated that hsa-miR-921 could bind the 3’-UTR of IL-37 to aggravate lung
injury in the rat model of THS. These findings provided significant insight into the mechanism of lung trauma in THS,
and uncovered hsa-miR-921, a novel potential IL-37 inhibitor.
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Introduction immune system to activate thrombocytes and
mononuclear-phagocytic cells that release a

Traumatic hemorrhagic shock (THS) is one of mass of inflammatory factors, such as tumor

the most serious and life-threatening complica-
tions caused by severe trauma. It can lead to
irreversible tissue injury in several organs
despite immediate fluid resuscitation, and may
result in death if not treated in time [1-3]. Acute
lung injury (ALI) is a common complication of
THS, and manifests as acute, progressive, and/
or refractory hypoxemia, and may further devel-
op into acute respiratory distress syndrome
(ARDS) and multiple organ dysfunction syn-
drome (MODS) [3-6]. Following trauma, blood
redistribution may induce intestinal tract isch-
emia that further damages the gastrointestinal
mucosal barrier, which can induce bacterial
translocation into the circulatory system, con-
sequently inducing ALI [7-9]. The translocation
of bacteria and their endotoxins initiates the

necrosis factor (TNF)-a, IL-1, IL-6, IL-8, platelet
activating factor (PAF), and interferon (IFN)-y
[10-13]. When ALI occurs, microcirculation in
the lung is blocked, tissues become hypoxic/
ischemic, and alveolar epithelial cells are dam-
aged [13, 14]. Importantly, when alveolar epi-
thelial cells are damaged, some lung alveolar
surfactants are reduced, vascular permeability
is increased, and alveolus pulmonis is in-
creased, which may induce edema in the lung
and bleeding. When this occurs, ventilation and
hemoperfusion become imbalanced and the
oxygen supply is acutely decreased, which
causes irreversible lung damage [5, 13, 15].

Interleukin-37 (IL-37) is a novel anti-inflamma-
tory cytokine, involved in the regulation of both
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innate and adaptive immunity, belonging to the
IL-1 ligand family, and is associated with multi-
ple immune diseases, such as the inhibition of
innate immune responses, allergic dermatitis,
and the inhibition of dendritic cell (DC) activa-
tion during intestinal inflammation. The A allele
gene polymorphism of I1L-37 (rs3811047) may
be a defined element for rheumatoid arthritis.
In peripheral blood mononuclear cells (PBMCs),
macrophages, and epithelial cells, IL-37 is
induced by a variety of pro-inflammatory cyto-
Kines, such as TNF-«, IL-1j3, IL-8, IL-6, IFN-y, and
macrophage inflammatory protein (MIP)-2, and
anti-inflammatory cytokines such as transform-
ing growth factor (TGF)-B and IL-10, as well as
toll-like receptors (TLR) [16-19]. In vivo, IL-37
is involved in complicated anti-inflammatory
mechanisms that have not yet been elucidated.
Several signaling pathways have been de-
scribed, including the pathway that down-
regulates TLR-4/nuclear factor (NF)-kB signal-
ing, the synergistic effect of IL-1B3, and the
binding of IL-1R8 and IL-18R to form IL-37-IL-
1R8-IL-18Rac complexes [16, 19, 20]. In this
study, we chose to explore the potential role
of IL-37 in the prevention of THS, particularly
with respect to the miRNAs that are involved
in its regulation.

MicroRNAs (miRNAs) are endogenous non-
coding small RNAs of 21-25 nucleotides, and
are widely distributed in tissues and organs of
different species. They have profound effects
on their target genes by forming RNA-induced
silencing complexes (RISCs) that partially bind
to the 3’ untranslated region (3’-UTR) of target
genes to induce mRNA degradation or to inhibit
MRNA translation. MiRNAs mainly regulate the
physiology and development of tissues, and
can induce changes in cell proliferation, cell
cycle, apoptosis, cell migration and invasion,
and angiogenesis. Altered miRNA expression
could be a useful target for the early diagnosis
and treatment of ALI, and may prove to be a
significant biomarker and a novel therapeutic
target.

Materials and methods
Animals and grouping

A total of 112 Sprague-Dawley rats (SD, male,
SPF, 250-300 g) were purchased and raised in
the Chinese PLA General Hospital Animal
Center. They were housed at a temperature of
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22 + 1°C, in 40-50% humidity, in a 12-hr light/
dark cycle. They were randomly divided into two
groups: the hlgG group and the hIL-37 group.
Within each group, seven time points were
examined (0, 6, 12, 24, 48, 72, and 96 h), and
eight rats were assessed at each time point. All
animal experiments were approved by the
Institutional Animal Care and Use Committee of
the Chinese PLA General Hospital, and con-
formed to the current guidelines for the Care
and Use of Laboratory Animals published by
the U.S. National Institutes of Health (NIH
Publication No. 85-23, revised 1996).

Establishment of rat traumatic hemorrhagic
shock (THS) and treatment

The rat THS model was established based on
an acute mechanical injury method as follows:
after one week of adaptive feeding, rats were
anesthetized with sodium pentobarbital (80
mg/kg, i.p.) and fixed. Subsequently, a No. 22
arteriovenous indwelling needle was used to
perform the catheterization of the cervical
artery and vein with heparin sodium (25 U/mL)
anticoagulant, and blood pressure was moni-
tored by a two-channel physiological recorder
(type LMS2B) to stabilize the blood pressure
between 80 and 100 mmHg. When the blood
pressure was stabilized for 10 min at a mini-
mum, the left leg was fixed on the chassis of a
man-made bracket, and 300 g of iron was
dropped from a height of 25 cm to cause a
comminuted fracture in the middle section of
the femur. After 30 min, artery intubation was
performed and quick bleeding while simultane-
ously monitoring blood pressure. When blood
pressure dropped to between 40 and 50
mmHg, and was maintained for 1 hr, rapid
venous reinfusion was performed using twice
the volume of liquids with a speed of 20 mL/hr,
including autologous anticoagulated blood and
ringer. The skin was sutured after disinfection
and feeding was regulated. After modeling, 100
pL hIL-37 (10 pug/mL) or higG was intraperitone-
ally injected into the hlL-37 group and the hlgG
group, respectively. After 48 hr, whole blood
was collected from the eyes, the animals were
sacrificed, and lung tissues were collected for
further study.

Measurement of the lung weight ratio

The lung tissues were washed with 9% normal
saline, and the wet weight of the lung was cal-
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culated. Subsequently, the lung was dried in an
oven at 80°C for 72 hr, and then the dry weight
was calculated. Finally the weight ratio was cal-
culated according to the following function:
Weight ratio = (wet weight/dry weight) x 100%.

Measurement of lung permeability

After treatment with hIL-37, rats were fixed to
expose the trachea, and 1 mL of phosphate
buffered saline (PBS) was injected into the
lung, and repeatedly beaten until swelling of
the lung; the bronchoalveolar lavage fluid
(BALF) was then collected to determine the
total protein content.

In addition, 0.1 mL of FITC-labeled dextran (1
mg/mL) was injected into the tail vein for 2 hr,
and rats were then sacrificed to potting PBS
from the pulmonary artery. The lungs were then
ground to tissue homogenate, and centrifuged
at 4°C at 15,000 rpm for 30 min, and the
supernatant was collected to obtain the absor-
bance value at 494 nm.

Measurement of IL-1 and IL-18 expression by
enzyme-linked immunosorbent assay (ELISA)

Whole blood was incubated for 30 min at
room temperature, and centrifuged at 4°C at
4,000 rpm for 10 min to obtain the serum.
Subsequently, the serum IL-1 and IL-18 expres-
sion levels were detected using rat ELISA kits
for IL-1 (ZKP-1604011, ZEKEBIO, lJiangsu,
China) and IL-18 (ZKP-1604031, ZEKEBIO,
Jiangsu, China) according to the manufacturer’s
instructions. After detection, data were record-
ed at 450 nm using a microplate reader for 15
min, and analyzed by SPSS software (version
21.0, http://spss.en.softonic.com/; Chicago,
IL), and a histogram analysis was performed
using Origin 9.5 software (http://www.originlab.
com/).

Hematoxylin and eosin (HE) staining

Lung tissues were fixed and sectioned for HE
staining as follows: slides were slightly over-
stained with hematoxylin for 3-5 min, and
excess stain was removed with tap water.
Slides were differentiated and destained for a
few seconds in acidic alcohol until they
appeared red. Then, the slides were briefly
rinsed in tap water to remove the acid.
Bicarbonate was applied for approximately 2
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min, until the nuclei were distinctly visualized
in blue. The hematoxylin-stained slides were
placed in 70% ethanol after the final tap water
rinse for 3 min and then in eosin for 2 min.
Then, the slides were washed three times with
95% ethanol for 5 min, and were transferred to
the first absolute ethanol of the clearing series.
After staining, images were captured using a
microscope connected to a CCD camera.

Measurement of the expression of IL-1, IL-6,
MCP-1, and KC in the lung

Lung tissues were washed with 9% normal
saline, and 20 pg was weighed, rapidly frozen in
liquid nitrogen, homogenized with a grinder,
and centrifuged at 5,000 rpm at 4°C for 10 min
to collect the supernatant. Subsequently, the
expression of IL-1, IL-6, MCP-1, and KC was
measured using ELISA kits for rat IL-1 (ZKP-
1604011, ZEKEBIO, Jiangsu, China), IL-6 (ZKP-
1604013, ZEKEBIO, lJiangsu, China), MCP-1
(ZKP-1604023, ZEKEBIO, Jiangsu, China), and
KC (ZKP-16040205, ZEKEBIO, Jiangsu, China)
according to the manufacturer’s instructions.
After detection, data were recorded at 450 nm
using a microplate reader for 15 min, and ana-
lyzed using SPSS software (version 21.0, http://
spss.en.softonic.com/; Chicago, IL), and histo-
gram analysis was performed using Origin 9.5
software (http://www.originlab.com/).

MiRNA extraction and quantitative reverse
transcription-polymerase chain reaction (qQRT-
PCR) assay

Lung tissues were washed with 9% normal
saline, and 20 pg was weighed, rapidly frozen in
liquid nitrogen, homogenized with a grinder,
and the miRNA was extracted using the miR-
cute miRNA extraction kit (DP501, TIANGEN
Biotech (Beijing) CO., LTD, Beijing, China)
according to the manufacturer’s instructions.
The concentration and the purity of miRNA were
validated by ultraviolet spectrophotometry.

Subsequently, the extracted miRNA was used
as a template in a reverse transcription reac-
tion using a kit (TOYOBO, Japan) according to
the manufacturer’s instructions. The miRNA
reverse transcription reaction mixture included
10 yL 2 x loading buffer, 1.2 yL miRNA RT prim-
er/U6 small nuclear RNA primer, 2 yL miRNA
template, 0.2 yL MMLYV reverse transcriptase,
and 6.6 UL DEPC-treated H,O. The reaction was
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incubated at 26°C for 30 min, 42°C for 30 min,
and 85°C for 10 min. For gRT-PCR, 100 ng
cDNA was used as the template in the reaction
mixture that included 10 pL 2 x Master Mix,
0.08 yL forward primer, 0.08 uL reverse primer,
2 uL cDNA template, 0.4 uL Tag DNA poly-
merase, and 7.44 pL ddH,0. The gPCR amplifi-
cation conditions were as follows: one cycle at
95°C for 3 min, 40 cycles at 95°C for 12 s,
62°C for 30 s, and 72°C for 30 s. The results
were analyzed using the SDS 1.4 software
(Applied Biosystems) based on 2-AACt, and his-
togram analysis using the Origin 9.5 software
(http://www.originlab.com/).

Separation and culture of primary alveolar epi-
thelial cells and alveolar macrophages

After modeling, rat lung was collected and
infused five times each with 10 mL BALF | fol-
lowed by 10 mL BALF Il. Subsequently, a diges-
tive juice containing 0.25% tryptase and 0.1%
collagenase was infused into the lung, and
digested for 30 min (refilled with digestive juice
every 5 min), and the connective tissue was
removed by sterile tweezers and scissors, and
cut into pieces (1-2 mm3). The tissues were
then added to 5 mL cell dispersion liquid to halt
digestion and transferred to a 37°C oscillator
for 5 min at 150 rpm, then filtered using a 280-
UM mesh sieve, centrifuged at 800 rpm for 10
min, and resuspended in Dulbecco’s modified
eagle medium (DMEM). The resuspended cells
were seeded onto a rat IgG-coated plate, and
centrifuged at 800 rpm for 10 min to remove
the supernatant, and washed with serum-free
DMEM. Finally, the cells were seeded at 1 x 10°
cells/mL, incubated at 37°C with 5% CO, for
24 hr, transferred to DMEM, and incubated
at 37°C with 5% CO,.

Separation and culture of primary alveolar
macrophages

After modeling, rat lung was collected and
infused five times each with 10 mL BALF | fol-
lowed by 10 mL BALF Il. Subsequently, a diges-
tive juice containing 0.25% tryptase and 0.1%
collagenase was infused into the lung, and
digested for 30 min (refilled with digestive juice
every 5 min), and the connective tissue was
removed by sterile tweezers and scissors, and
cut to tissue pieces (1-2 mm3). The tissues
were then added to 5 mL cell dispersion liquid
to halt digestion and then transferred to a
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37°C oscillator for 5 min at 150 rpm, and then
filtrated using a 280-uyM mesh sieve, centri-
fuged at 800 rpm for 10 min, and resuspended
in DMEM. The resuspended cells were seeded
onto a rat IgG-coated plate, and centrifuged at
800 rpm for 10 min to remove the supernatant,
and wished with serum-free DMEM. The cells
were seeded at 1 x 10° cells/ml, and M-CSF
(50 ng/ml) was added in each well; the cells
were incubated in a CO_-incubator with 5% CO,
at 37°C for 48 hr, and then transferred to
DMEM followed by incubation in a CO,-
incubator with 5% CO, at 37°C. After eight
days, the cells were collected and analyzed by
flow cytometry using the anti-rat F4/80 and
anti-rat CD-11b antibodies.

Expression of IL-1, IL-6, MCP-1, and KC in
primary alveolar epithelial cells and alveolar
macrophages

The separated adherent primary rat alveolar
epithelial cells and primary alveolar macro-
phages were washed with cold PBS three times,
stimulated with hlL-37 and tissue homogenate
for 24 hr, and the cell culture supernatant was
collected to detect the change in expression
of IL-1, IL-6, MCP-1, and KC using ELISA kits
for rat IL-1 (ZKP-1604011, ZEKEBIO, Jiangsu,
China), IL-6 (ZKP-1604013, ZEKEBIO, Jiangsu,
China), MCP-1 (ZKP-1604033, ZEKEBIO, Jiang-
su, China), and KC (ZKP-1604035, ZEKEBIO,
Jiangsu, China) according to the manufac-
turer’s instructions. After detection, data were
recorded at 450 nm using a microplate reader
for 15 min, and analyzed by SPSS software
(version 21.0, http://spss.en.softonic.com/;
Chicago, IL), and histogram analysis was per-
formed using Origin 9.5 software (http://www.
originlab.com/).

Western blot assay

The separated adherent rat primary alveolar
macrophages were washed with cold PBS
three times, stimulated with hlL-37 and tissue
homogenate for 24 hr, and the total protein was
measured using a BCA protein quantification
kit (ZKP-C150045-1, Suzhou Zeke Biotech
Co., LTD, China). Approximately 35 mg total
protein was separated by electrophoresis on
a 12.5% polyacrylamide gel, and transferred to
a polyvinylidenedifluoride (PVDF) membrane
(GE Healthcare) according to the manufactur-
er’s instructions. The membrane was probed
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Figure 1. ELISA data depicting the expression of IL-1 (A) and IL-18 (B) in rat serum following prolonged trauma with
hiL-37 treatment. Expression of both IL-1 and IL-18 steadily and significantly increased up to 48 hr, where it peaked,
and then decreased until 96 hr (*P < 0.05, **P < 0.01, compared to hlgG group).
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Figure 2. Histological examination of structural changes in the lung following trauma. A. A large number of red blood
cells stranded in the capillaries, broadening of the alveolar septum, partial alveolar septum collapse, and effusion
of neutrophils and fibrous protein were observed. B. After hlL-37 treatment, damage to the lung was alleviated.

with polyclonal primary antibodies anti-IL- Bioinformatics analysis of hlL-37-regulated
18R (ab203191, Abcam, USA), anti-IL-1R8 miRNAs

(@b117480, Abcam, USA), and an anti-GAPDH

monoclonal antibody (@b8245, Abcam, USA) for The list of human miRNAs was collected from
1.5 hr at room temperature. The membrane the miRbase database (http://www.mirbase.
was then incubated with a horseradish peroxi- org/), and the cross-talk mMiRNAs were
dase-conjugated goat anti-mouse secondary screened based on the TargetScan database
antibody (1:5,000 in TBST; Beijing Golden (http://www.targetscan.org/vert_71/), as well
Bridge Biotechnology Company Ltd, China) at as the miRDB (http://www.mirdb.org/miRDB/)
room temperature for 1 hr. A chemilumines- and miRanda (http://www.microrna.org/micror-
cence luminol reagent (ZKP-C150044-1, na/home.do) databases.

Suzhou Zeke Biotech Co., LTD, China) was used

to develop the immune-labeled bands on an Construction of a dual-luciferase reporter-gene
X-ray film, and the optical density of the bands vector and assay

was quantified using Imagel) 1.46 software

(http://rsb.info.nih.gov/ij/download.html), and The miRNA sequences were obtained from the
a histogram was generated using Origin 9.5 miRBase database, and the complementary
software (http://www.originlab.com/). single strand was designed and synthesized
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Figure 4. Expression of pro-inflammatory cytokines in the lung after hlL-37 treatment. A. ELISA was used to measure
the protein expression of IL-1, IL-6, MCP-1, and KC in the lung following hIL-37 treatment. B. Quantitative RT-PCR was
used to measure the mRNA expression of IL-1, IL:6, MCP-1, and KC in the lung after hIL-37 treatment. Both protein
concentrations and mRNA expression of IL-1, IL-6, MCP-1, and KC were significantly decreased after hlL-37 treat-
ment (*P < 0.05, compared to hlgG group).

for each miRNA. The full length 3'-UTR of the enzymes, the target fragment was cloned into
target gene was conjugated to sites for the the psiCHECK-2 vector using T4 DNA ligase and
restriction endonucleases EcoRlI and Xhol was then used to transform competent E. coli
(TaKaRa, Japan). After digestion with restriction DH5a cells (TaKaRa, Japan). A positive clone
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Table 1. Primer sequences used for gRT-PCR in
this study

Target

gene Primers sequences

MCP-1 Forward 5’-AGGCAGATGCAGTTAATGCCC-3’

Reverse 5’-ACACCTGCTGCTGGTGATTCTC-3’

KC Forward 5-GGCAGGGATTCACTTCAAGA-3’
Reverse 5’-GCCATCGGTGCAATCTATCT-3’
-1 Forward 5’-TACCTATGTCTTGCCCGTGGAG-3’

Reverse 5’-ATCATCCCACGAGTCACAGAGG-3’

IL-6 Forward 5-GTCAACTCCATCTGCCCTTCAG-3’
Reverse 5-GGCAGTGGCTGTCAACAACAT-3’

GAPDH Forward 5’-CCCCCAATGTATCCGTTGTG-3’
Reverse 5-TAGCCCAGGATGCCCTTTAGT-3’

was selected and plasmids were extracted for
direct sequencing.

For the luciferase activity assay, 293T cells
were plated 24 hr prior to transfection to
obtain 30-50% confluence at the time of
transfection, and were divided into four groups:
Negative control (NC) + Wild type (WT), NC +
Mutation (MUT), Mimic + WT, and Mimic + MUT.
Fifty ng of the luciferase reporter plasmid were
added to 100 pL Opti-MEM. Lipofectamine
2000 reagent was diluted 1:50 with Opti-MEM,
incubated for 5 min, mixed with the mimic and
the luciferase reporter plasmids, and incubat-
ed for 20 min. The cells were washed with
serum-free medium, which was then discarded,
and 800 pL of serum-free medium were added
to each well. The mixture was gently added to
each well for transfection at 37°C for 6 hr, and
then replaced with fresh medium for an addi-
tional 48 hr. Cells were washed twice with PBS
(3 min per wash), and the cells were then given
a shock treatment by the addition of 100 pL
1 x PLB buffer followed by incubation at room
temperature for 15 min. Twenty microliters of
PLB lysis buffer was absorbed to a detector
tube that already contained 100 pL Luciferase
Assay Reagent I1l. Subsequently, 100 pL
Stop&Glo reagent were added to detect the
activity of the Renilla luciferase. The ratio of
firefly luciferase/Renilla luciferase was calcu-
lated, and histogram analysis was carried out
using Origin 9.5 software (http://www.originlab.
com/).

Statistical analysis

All data are expressed as the mean * standard
deviation (SD). Statistical analysis was per-
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formed using one-way ANOVA using SPSS soft-
ware (version 21.0, http://spss.en.softonic.
com/; Chicago, IL), and Student’s t-tests were
performed in groups of two samples. P < 0.05
and P < 0.01 were considered significant and
highly significant differences, respectively.

Results

Expression of IL-1 and IL-18 was significantly
decreased in the lung after hIL-37 treatment

As exhibited in Figure 1A and 1B, following
trauma, hlgG and hIL-37 treatment resulted in a
steady increase in the expression of IL-1 and
IL-18 up to the 48-hr time point where it
peaked. Expression then steadily decreased
until the 96-hr time point. When compared to
higG group, the expression of IL-1 and IL-18 in
the hlL-37 group was significantly decreased at
24 hr and 48 hr following trauma (*P < 0.05,
**P < 0.01).

Lung tissues were severely damaged after
higG treatment, and restored to normal after
hIL-37 treatment

As exhibited in Figure 2A and 2B, HE staining
demonstrated that a large number of red blood
cells were stranded in the lung capillary, and
there was obvious broadening of the alveolar
septum, collapse of the partial alveolar sep-
tum, and effusion of neutrophils and fibrous
protein. Following hIL-37 treatment, the lung
damage was significantly alleviated and the tis-
sue appeared to return to a normal state.

Weight ratio, total BALF protein, and FITC-
dextran were significantly decreased after hiL-
37 treatment

The weight ratio was significantly decreased
following hIL-37 treatment when compared to
higG treatment (Figure 3A, *P < 0.05). Similarly,
hIL-37 treatment resulted in a significant reduc-
tion in the total BALF protein content (Figure
3B) as well as FITC-dextran (Figure 3C) when
compared to hlgG treatment (*P < 0.05, **P <
0.01, respectively).

Expression of IL-1, IL-6, MCP-1, and KC in the
lung was significantly decreased following hiL-
37 treatment

When compared to the hlgG group, the expres-
sion of the inflammatory cytokines IL-1, IL-6,

Int J Clin Exp Pathol 2017;10(5):4927-4940
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lar macrophages after hlL-37 treatment (*P 0.0 f T f |
IL-1R8 IL-18R

< 0.05, compared to higG group).

MCP-1, and KC in the lung was significantly
decreased after hiL-37 treatment (Figure 4A,
*P < 0.05, **P < 0.01). Similarly, the mRNA
expression of IL-1, IL-6, MCP-1, and KC in the
lung exhibited the same trend, and was signifi-
cantly decreased after hlL-37 treatment when
compared to that after higG treatment (Figure
4B, *P < 0.05, **P < 0.01). The primers used
are shown in Table 1.

Expression of IL-1, IL-6, MCP-1, and KC in
primary alveolar epithelial cells and alveolar
macrophages was significantly decreased af-
ter hi-37 treatment

When compared to the hlgG group, the expres-
sion of the inflammatory cytokines IL-1, IL-6,
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MCP-1, and KC in alveolar macrophages was
significantly decreased after hlL-37 treatment
(Figure 5B, *P < 0.05, **P < 0.01); however,
there were no significant differences between
the treatment groups in the expression of IL-1,
IL-6, MCP-1, and KC in alveolar macrophages
(Figure 5A).

Expression of IL-1R8 and IL-18R was signifi-
cantly decreased following hiL-37 treatment

The expression of IL-1R8 and IL-18R increased
significantly following hlgG treatment when
compared to that in the control (**P < 0.01),
and significantly decreased following treatment
with hIL-37, when compared to that in the
higG group (Figure 6A and 6B, **P < 0.01).

Int J Clin Exp Pathol 2017;10(5):4927-4940
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Table 2. IL-37-regulated miRNAs and their corresponding regulatory sites

Poorly conserved sites

Cumulative weighted Total context++

miRNA family -

Total 8mer 7mer-m8 7mer-Al ©6mersites  context++ score score
hsa-miR-921 1 1 0 0 0 -0.89 -0.89
hsa-let-7-3p 1 1 0 0 0 -0.63 -0.63
hsa-miR-4666-3p 1 1 0 0 0 -0.61 -0.61
hsa-miR-4694-5p 1 0 0 1 0 -0.44 -0.44
hsa-miR-657 1 0 1 0 0 -0.44 -0.44
hsa-miR-4468 1 0 0 1 0 -0.38 -0.38
hsa-miR-3606-5p 1 0 0 1 0 -0.37 -0.37
hsa-miR-4464 1 0 1 0 0 -0.36 -0.36
hsa-miR-4476-5p 1 0 1 0 0 -0.35 -0.35
hsa-miR-3174 1 0 0 1 0 -0.35 -0.35
hsa-miR-3591-5p 1 0 0 1 0 -0.33 -0.33
hsa-miR-5000-5p 1 0 0 1 0 -0.29 -0.29
hsa-let-7-3p 1 0 0 1 0 -0.28 -0.28
hsa-miR-7849-3p 1 0 0 1 0 -0.27 -0.27
hsa-miR-3671 1 0 0 1 0 -0.24 -0.24
hsa-miR-4789-5p 1 0 0 1 0 -0.16 -0.16
hsa-miR-607 1 0 1 0 0 -0.13 -0.13

Hsa-miR-921 expression was significantly de-
creased following hiIL-37 treatment

To elucidate the change in IL-37-regulated miR-
NAs, several miRNAs were selected, as shown
in Table 2, and qRT-PCR was performed using
primers shown in Table 3. Of the miRNAs that
were examined, hsa-miR-921 was significantly
decreased following hiL-37 treatment (Figure 7,
**P < 0.01).

Hsa-miR-921 significantly down-regulated the
expression of IL-37 by binding to its 3-UTR

In a dual-luciferase reporter gene assay (Figure
8), after co-transfecting cells with hsa-miR-
921 Mimic + WT (psiCHECK-2-UTR (IL-37)), the
ratio of firefly luciferase/Renilla luciferase was
significantly decreased (**P < 0.01) when
compared to that of NC + WT, NC + MUT and
Mimic + MUT.

Discussion

In this study, a rat THS model was established,
and 48 hr of trauma was validated as an opti-
mal length of time based on the increase in
expression of IL-1 and IL-18, changes in lung
pathology, and expression of inflammatory
cytokines, including IL-1, IL-6, MCP-1, and KC.
The expression of these cytokines was signifi-
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cantly reduced in the lung as well as in primary
alveolar epithelial cells and alveolar macro-
phages following hIL-37 treatment, which led
to the prevention of THS. Bioinformatics analy-
sis based on IL-37-regulated miRNAs and qRT-
PCR demonstrated that hsa-miR-921 could
bind to the 3’-UTR of IL-37 and down-regulate
its expression. This indicated that hsa-miR-
921 mediated the lung trauma via IL-37 in THS,
and provided significant insight into a potential
mechanism of THS prevention.

THS is one of the most serious and life-threat-
ening complications in clinical settings. It may
cause irreversible injury despite immediate
fluid resuscitation, and it can result in death
[1-3]. ALl is @ common complication of THS,
and manifests as acute, progressive and
refractory hypoxemia [7, 8, 21]. ALl is one of
the numerous severe illnesses defined as
ARDS, with a mortality rate of 40-50%, which
is often induced by bacterial or viral infection,
or trauma-induced hemorrhage with large
aggregates of inflammatory cells [3, 5, 22].
With excessive inflammatory cell aggregation,
the inflammatory response is elevated to
induce apoptosis of alveolar epithelial cells
and rupture of alveolar capillaries. This leads
to further lung malfunction and a series of
anoxic complications, which when combined
with the pathological features of the increasing
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Table 3. Primer sequences used for gqRT-PCR in this study

[9, 14]. Due to the lower

Name Sequence of primers (5'—3’)

perfusion pressure of

hsa-miR-921-frs

hsa-miR-921-rvs
hsa-let-7a-3p-frs
hsa-let-7a-3p-rvs

ACACTCCAGCTGGGCTAGTGAGGGACAGAAC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGAATCCTG
ACACTCCAGCTGGGCTAGTGTGAGGTAGTAGGTT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACTATAC
hsa-miR-4666-3p-frs ACACTCCAGCTGGGCTAGTGCATACAATCTGAC

lung capillaries and the
length of the lower
branch of blood ves-
sels, neutrophils move
slowly, make contact,
adhere to endothelial

hsa-miR-4666-3p-rvs CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAAATACAT cells, and aggregate
hsa-miR-4694-5p-frs ACACTCCAGCTGGGCTAGTGAGGTGTTATCCTAT in the lung, further

hsa-miR-4694-5p-rvs CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGCAAATGG
ACACTCCAGCTGGGCTAGTGGGCAGGTTCTCACCC
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCCTAGAGA
ACACTCCAGCTGGGCTAGTGAGAGCAGAAG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGATCTCATC
hsa-miR-3606-5p-frs ACACTCCAGCTGGGCTAGTGTTAGTGAAGGCTA
hsa-miR-3606-5p-rvs CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAATTAAAA
ACACTCCAGCTGGGCTAGTGAAGGTTTGGATAG
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTATTGCAT
hsa-miR-4476-5p-frs ACACTCCAGCTGGGCTAGTGCAGGAAGGATTTAG
hsa-miR-4476-5p-rvs CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGCCTGTCC
ACACTCCAGCTGGGCTAGTGTAGTGAGTTAGAGAT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGGCTCTGC
hsa-miR-3591-5p-frs ACACTCCAGCTGGGCTAGTGTTTAGTGTGATAATG
hsa-miR-3591-5p-rvs CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTCAAACGC
hsa-miR-5000-5p-frs ACACTCCAGCTGGGCTAGTGCAGTTCAGAAGTGT
hsa-miR-5000-5p-rvs CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGACTCAGGA
ACACTCCAGCTGGGCTAGTGAGAGGTAGTAGGTT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAACTATGC
hsa-miR-7849-3p-frs ACACTCCAGCTGGGCTAGTGGACAATTGTTGATC
hsa-miR-7849-3p-rvs CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGAGGCCCAA
ACACTCCAGCTGGGCTAGTGATCAAATAAGGACT
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGTGCACACT
hsa-miR-4789-5p-frs ACACTCCAGCTGGGCTAGTGGTATACACCTGATA
hsa-miR-4789-5p-rvs CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCATACACA
ACACTCCAGCTGGGCTAGTGGTTCAAATCCAGA
CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGTTATAGA

hsa-miR-657-frs
hsa-miR-657-rvs
hsa-miR-4468-frs
hsa-miR-4468-rvs

hsa-miR-4464-frs
hsa-miR-4464-rvs

hsa-miR-3174-frs
hsa-miR-3174-rvs

hsa-let-7d-5p-frs
hsa-let-7d-5p-rvs

hsa-miR-3671-frs
hsa-miR-3671-rvs

hsa-miR-607-frs
hsa-miR-607-rvs
U6-frs CTCGCTTCGGCAGCACA

U6-rvs AACGCTTCACGAATTTGCGT

increasing the pulmo-
nary artery pressure.
Meanwhile, neutrophils
can release inflamma-
tory mediators that da-
mage the endothelial
cells, further inducing
capillary permeability,
and increasing intersti-
tial tissue edema and
protein content, which
leads to further lung
injury [6, 27].

IL-1F7, first discovered
by Kumar in 2000, was
determined to be the
seventh cytokine of the
IL-1 family, and was
then renamed IL-37 in
2010 [28-31]. It was
derived from hemato-
poietic cells, and exhib-
ited anti-inflammatory
activity through a vari-
ety of pro-inflammatory
cytokines. Furthermore,
IL-37 has attracted in-
creasing attention as a
novel immunosuppres-
sor owing to its ability
to inhibit several im-

capillary endothelial cell injury and permeabili-
ty, leads to the exudation of a mass of proteins
and inflammatory cells [21, 23, 24].

Several studies have indicated neutrophil
involvement in the inflammatory response of
ALl [14, 25, 26]. Neutrophils exist in the blood
and often in exudated tissues where they
release free radicals, pro-inflammatory factors,
and protein lyase that induce local tissue injury
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mune system-associat-

ed illnesses [28, 32].
As shown in a previous study, IL-37 associates
with IL-1R8 and IL-18R to form a IL-37-IL-1R8-
IL-18R complex that regulates immune inflam-
mation as well as the expression of IL.-1 and
IL-18 [28, 33]. IL-1 is mainly generated by
monocytes, endotheliocytes, and neutrophils
with o and B subtypes, and it can accelerate
the inflammatory response to induce inflamma-
tory lung injury [29]. IL-18 is mainly produced
by macrophages for the subsequent pro-
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Figure 7. IL-37-regulated miRNAs identified by qRT-PCR. The expression of hsa-miR-921 was significantly increased
following hIL-37 treatment (*P < 0.05, when compared to higG group).

Firefly luciferase/Renilla luciferase

decreased until the 96-hr

time point. We, therefore,

chose to study this 48-hr trau-
T ma time point further. In addi-
tion, after 48 hr of lung trau-
ma with hlgG treatment, we
observed rat lung capillary
hyperemia, alveolar collapse,
alveolar septa, neutrophil and
fibrous protein exudation in
the alveolar cavity, alveolar
interval, bronchiole, and tra-
cheal cavities, particularly
alveolar cavity collapse and
alveolar interval thickening.
Following hIL-37 treatment,

T T T
NC+WT NC+MUT Mimic+WT

Figure 8. A dual-luciferase reporter gene assay depicting the regulation of
hsa-miR-921 by the 3’-UTR of IL-37. Following co-transfection of the Mimic
+ WT, the ratio of firefly luciferase/Renilla luciferase was significantly de-
creased (**P < 0.01, compared to NC + WT, NC + MUT, and WT + MUT).

duction of IFN-y, and to further activate and
accelerate T cell secretion of IL-2, IL-4, and
TNF-a [29].

In this study, a rat THS model was established,
and after hlL-37 treatment, the expression of
IL-1 and IL-18 was significantly increased 48 hr
following trauma, where it peaked, and then
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T
Mimic+MUT

we observed alveolar interval
broadening, less alveolar fi-
brous protein exudation, and
a reduction in capillary hyper-
emia and epithelial cell apop-
tosis, indicating that hIL-37
could alleviate ATI-induce lung
damage. The ratio of wet lung to dry lung reflect-
ed the degree of lung edema, and was signifi-
cantly decreased following hIL-37 treatment
when compared to that of the higG group, and
indicated that IL-37 could alleviate the ATI-
induced lung edema. In addition, the total
BALF protein content reflected the exudation
level of lung blood vessels or alveolar proteins,
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and was significantly decreased following hiL-
37 treatment when compared to that of the
higG group, and indicated that IL-37 could alle-
viate the ATl-induced exudation of lung blood
vessels or alveolar proteins. FITC-dextran is
used as a permeability index, and reflects the
alveolar capillary permeability. This index was
significantly decreased following hlIL-37 treat-
ment when compared to that of the higG
group, and indicated that IL-37 could decrease
the alveolar capillary permeability that could,
in turn, reduce the exudation of proteins and
inflammatory cells. As demonstrated by ELISA,
the expression of IL-1, IL-6, MCP-1, and KC was
reduced in the ung tissue, primary alveolar epi-
thelial cells, and alveolar macrophages follow-
ing hlL-37 treatment, indicating that IL-37 could
also decrease the expression of inflammatory
cytokines to prevent the lung trauma associat-
ed with THS.

Several studies have demonstrated that miR-
NAs specifically regulate gene expression in
cells to control a number of biological func-
tions, including development, anti-viral defense,
hematopoiesis, organ specificity, cell prolifera-
tion, apoptosis, fat metabolism, and cancer
growth and development [34-36]. To elucidate
the change in miRNAs after hlL-37 treatment,
17 1L-37-regulated miRNAs were screened ini-
tially, and hsa-miR-921 was found to be signifi-
cantly increased. A dual-luciferase reporter
gene assay demonstrated that the ratio of
firefly luciferase/Renilla luciferase was signifi-
cantly decreased in the Mimic + WT group,
which indicated that the hsa-miR-921 mimic
could bind to the 3-UTR of IL-37, and further
down-regulate its expression.

This study has few limitations, such as the
limited number of samples and the limited
number of miRNA targets. Future studies will
focus on a detailed signaling pathway to reveal
the protection of IL-37, and further explore a
potential agent for intervention for the diagno-
sis and treatment of THS.

In conclusion, we report that we have estab-
lished a rat model of THS, and have shown that
IL-37 can prevent injury in this model. We
have also demonstrated that hsa-miR-921
can bind the 3’-UTR of IL-37 and down-regulate
its expression, which provides a potential
approach to THS intervention in clinical set-
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tings, and also provides significant insight into
the detailed mechanism underlying THS.
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