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Abstract: Acute lung injury (ALI) and acute respiratory distress syndrome (ARDS) are common and complicated
inflammatory lung diseases. Circ RNAs have emerged as a novel class of gene regulatory molecules that play vital
roles in multiple complex diseases, including ALI. In this study, we aimed to identify potential regulators of Circ
0001434 on acute lung injury (ALl) and to explore their roles in lipopolysaccharide (LPS)-induced ALI. In a mouse ALI
model, Circ 0001434 expression was effectively down-regulated, compared with the control group. Up-regulation of
Circ 0001434 effectively decreased the inflammation of ALl in an in vitro model. Down-regulation of Circ 0001434
effectively promoted inflammation in ALl in an in vitro model. Over-expression of Circ 0001434 induced Wnt and
B-catenin protein expression, and suppressed NF-kB p65 protein expression in the ALl in vitro model by miR-625-
5p. Down-regulation of Circ 0001434 significantly suppressed Wnt and B-catenin, and induced NF-kB p65 protein
expression in the ALl in vitro model by miR-625-5p. Wnt reduced the function of Circ 0001434 on inflammation in
ALl in an in vitro model. The inhibition of miR-625-5p reversed the function of anti-Circ 0001434 on inflammation in
ALl vitro model. Taken together, Circ 0001434 mediates ALl-induced lung inflammation through Wnt/B-catenin and
NF-kB activation by miR-625-5p.
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Introduction [5]. Under the stimulation of LPS, NF-kB is tran-
located from the cytoplasm to the nucleus,
thereby initiating transcription of genes such as
inflammatory cytokines, inflammatory media-
tors, and chemokines. Therefore, it is urgent to
use interventions targeting NF-kB activating

sites [6].

Acute lung injury (ALI) is defined as the damage
caused to alveolar epithelial cells and pulmo-
nary capillary endothelial cells during serious
infection, shock, trauma and burns, subse-
quently causing alveolar capillary permeability
in the vesicle cavity [1]. The accumulation of
edema fluid containing protein could lead to dif-
fuse pulmonary interstitial edema and a further
clinical syndrome characterized by progressive
hypoxemia and respiratory distress [2]. In terms
of disease stage, ALl is considered as the early
stage of ARDS [3].

The canonical Wnt signaling pathway is the
Wnt/B-catenin pathway [7]. The basic process
of signal transduction is as follows: Wnt signal-
ing protein binds to transmembrane receptor to
activate the Wnt signaling pathway, which sub-
sequently activates Frizzled protein and GSK-f3
binding protein [8]. GSK-B binding protein can

An inflammatory factor release-induced lung
inflammatory response is one of the causes of
increased capillary permeability of ALl alveoli
and a clearance disorder of alveolar fluid [4].
NF-kB, an important transcription factor, regu-
lates TNF-q, IL-1 and IL-6 to play important roles
in the production of pro-inflammatory cytokines

recognize and inhibit the phosphorylation activ-
ity of GSK-3, rendering it unable to phosphory-
late B-catenin, which causes an inability of
[-catenin to be recognized by ubiquitin ligase
and it is not degraded by protease complexes
[9]. The amount of B-catenin is dramatically
increased in the nucleus, eventually triggering
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transcription of the target genes. Recent stud-
ies have shown that abnormal activation of the
Wnt signaling pathway plays an important role
in the development of organ fibrosis, including
liver, kidney, lung, heart, and skin [9].

The expression changes of circ RNA are associ-
ated with immune responses, inflammatory sig-
naling pathways, and the pathogenesis of
inflammatory lung diseases including ALI.
Therefore, circ RNAs are promising novel thera-
peutic targets. Although the changes of rele-
vant gene expression caused by circ RNAs are
generally modest, the outcomes may affect the
expression of a large number of subsequent
genes, which in turn affect a variety of biologic
processes. Therefore, it is feasible to use Circ
RNAs as markers.

It has been confirmed that the expression of
miRNA is dynamic, reflecting changes in the
environment and signaling inside and outside
the cells [10]. Therefore, there is potential to
apply miRNA as a biomarker to represent a spe-
cific disease state or its deeper pathophysio-
logic processes in different stages of develop-
ment [11]. In addition, miRNAs can be detected
in a variety of specimens, including tissue,
blood and other body fluids. miRNAs are also
stable and almost unaffected by sample pro-
cessing errors, which make miRNAs more
attractive as biomarkers [12]. Therefore, in this
study, we aimed to identify potential regulators
of Circ 0001434 on acute lung injury (ALI) and
to explore their roles in lipopolysaccharide
(LPS)-induced ALL.

Materials and methods
Animal experiments

A total of 20 C57BL/6 mice (5-6 weeks old,
18-20 g) were used in this study and randomly
assigned to the following two groups (n = 10 for
each), control PBS and ALI model group. The
mice were anesthetized and intratracheally
administered PBS or LPS (Sigma Aldrich; 1 mg/
kg) for 1 day. All experiments involving animals
were performed as per the approval by the
Animal Care and Use Committee of The First
Affiliated Hospital of Bengbu Medical College.

Quantitative real-time PCR analysis

Total RNA was isolated from lung tissue sam-
ples using TRIzol Reagent according to manu-
facturer’s instructions (Invitrogen, Carlsbad,
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CA, USA). Reverse transcription was performed
using miRNA specific stem-loop primers (Ap-
plied Biosystems, Foster City, CA, USA). Mi-
RNA was quantified using TagMan® MicroRNA
Assays (Thermo Fisher Scientific, Massach-
usetts, USA). The relative expression levels
were calculated with the 222°t method.

Histologic assay and wet/dry weight ratio of
lung tissues

The lung tissues were fixed in 10% formalin for
1 day, embedded in paraffin, and sectioned
into 5 UM slices. Samples slices were then
stained with haematoxylin-eosin (H&E) and
captured using a light microscope (Nikon Ecli-
pse TE2000-U, Nikon, Japan). The lung injury
was scored according to the following princi-
ple. Each item was scored on a 5-point scale as
follows: no damage or minimal damage = O;
mild damage = 1; moderate damage = 2; severe
damage = 3; diffuse injury = 4.

The lung wet/dry (W/D) weight ratio was mea-
sured by dividing the wet weight by the dry we-
ight. Subsequently, they were placed in an incu-
bator for 24 h at 80°C to obtain the dry weight.

Cell culture, cell transfection, and LPS treat-
ment

A549 cells were cultured in Dulbecco’s modi-
fied Eagle medium (DMEM) supplemented with
10% fetal bovine serum (FBS) (Gibco, Carlsbad,
CA, USA) 5% CO, and 95% O, at 37°C. Circ
0001434, anti-Circ 0001434 and negative
mimics were obtained from Takara Biomedical
Technology Co., Ltd. (Beijing, China). Circ 000-
1434, anti-Circ 0001434 and negative mimics
(50 nM) were transfected using Lipofectamine
2000 reagent (Invitrogen). Cells were treated
with LPS (1 pg/mL; Sigma-Aldrich, St. Louis,
MO, USA) after transfection at 6 h.

Measurement of inflammatory cytokines by
enzyme-linked immunosorbent assay (ELISA)

Cells after treatment with LPS for 48 h were
used to measure inflammatory cytokines (IL-1,
IL-6, L-18 and TNF-«) using ELISA kits. Abso-
rbancy was measured at 450 nm using a micro-
plate reader (BioTek, Winooski, Vermont, USA).

Western blotting assay

Protein samples were isolated from the cells
after being treated with LPS for 48 h using the
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protein extraction kit (Beyotime Biotechnology,
Haimen, China) and protein content was deter-
mined using a BCA Protein Assay Kit (Beyoti-
me Biotechnology, Haimen, China). The protein
samples were separated electrophoretically to
the 8-12% SDS-PAGE gel and transferred on to
a PVDF membrane (Millipore, USA). The mem-
brane was individually incubated overnight at
4°C with the primary antibodies: NF-kB, Wnt,
B-catenin, and GAPDH (1:2000, Santa Cruz, CA,
USA) at 4°C overnight after blocking nonspecif-
ic binding sites for 1 h at 37°C with 5% dried
skim milk in TBST at 37°C. Then the membrane
was incubated at room temperature for 2 h with
horseradish peroxidase-conjugated antibody at
37°C and detected by the enhanced chemilu-
minescence (ECL) method.

Statistical analysis

Data are presented as the means * standard
deviation (SD). Statistical differences were ana-
lyzed using the Student’s t-test or one-way anal-
ysis of variance (ANOVA) with the Tukey’s test. P
value < 0.05 was considered significant.

Results

Circ 0001434 expression in mice of the ALI
model

To explore the mechanism of microRNAs in the
ALl model, we analyzed the changes and effects
of Circ 0001434 in the ALI model. As shown in
Figure 1A, 1B, the lung tissues were subjected
to H&E staining. The LPS-induced ALl group
showed severe histopathologic changes, includ-
ing alveolar wall thickening, and pulmonary
congestion. Lung injury score was increased in
the ALI model, compared with a sham group.
Lung wet/dry weight ratio was increased in the
ALl model, compared with a sham group (Figure
1C). IL-1B3, IL-6, L-18, and TNF-a levels were
enhanced in the ALl model, compared with a
sham group (Figure 1D-G). Circ 0001434 ex-
pression was down-regulated in the ALI model,
compared with a sham group (Figure 1H, 11).

Down-regulation of Circ 0001434 accelerated
inflammation in an vitro model of ALl by miR-
625-5p

We investigated the function and mechanism
of Circ 0001434 on inflammation in an ALI in
vitro model. The expression of Circ 0001434
inhibitor was effectively decreased using Circ

3292

0001434 inhibitor mimics, compared with the
negative group (Figure 2A). Then, up-regulation
of Circ 0001434 promoted the increase of
IL-1B, IL-6, L-18 and TNF-« levels in the ALl in
vitro model, compared with the negative group
(Figure 2B-E). We found that miR-625-5p
expression was increased in the in vivo model,
compared with control group (Figure 2F). Over-
expression of Circ 0001434 downregulated
miR-625-5p expression in the in vitro model,
compared with the negative group (Figure 2G).
Analysis results showed that miR-625-5p may
be a common focus (Figure 2H). The 3'UTR
region of Circ 0001434 showed potential align-
ment with miR-625-5p sequence and lucifer-
ase reporter activity levels were reduced by
over-expression of Circ 0001434, compared
with the negative group (Figure 2I, 2J). miR-
625-5p expression was decreased by up-regu-
lation of miR-625-5p expression. miR-625-5p
expression was increased by down-regulation
of miR-625-5p expression, compared with the
negative group (Figure 2K, 2L).

miR-625-5p regulates inflammation in the in
vitro model of ALI by Wnt/B-catenin/NF-«kB

We investigated the function and mechanism
of miR-625-5p on inflammation in the ALl in
vitro model. Up-regulation of miR-625-5p in-
duced the Wnt/B-catenin/NF-kB signaling pa-
thway in the ALI in vitro model, compared with
the negative group (Figure 3A). Figure 3B, 3C
shows that the 3'UTR region of Wnt showed
potential alignment with the miR-625-5p se-
quence and luciferase reporter activity levels
were reduced by over-expression of miR-625-
5p, compared with the negative group. Over-
expression of miR-625-5p suppressed Wnt/[B-
catenin protein expressions and induced NF-kB
protein expression in the ALl in vitro model,
compared with the negative group (Figure
3D-G). Over-expression of miR-625-5p reduced
Wnt protein expression in ALl in vitro model,
compared with the negative group (Figure 3H).
These results showed that Circ 0001434 ex-
pression was up-regulated in ALI, which induced
inflammation in ALI, and its mechanism needs
to be investigated.

Up-regulation of Circ 0001434 reduced inflam-
mation in the in vitro model of ALI through
Wnt/B-catenin/NF-kB

We investigated the function of Circ 0001434
on inflammation in ALl in an in vitro model. The
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Figure 1. Circ 0001434 expression in mice after ALl. H&E staining (A), lung injury score (B), Lung wet/dry weight
ratio (C), TNF-a (D), IL-18 (E), IL-6 (F), L-18 (G) levels, Circ 0001434 expression by gene chip (H) and QPCR (I). Sham,
normal control group; ALI, ALI model group. Acute lung injury (ALI). Data are presented as the means + standard

deviation (n = 3). #P < 0.01 versus normal control group.

expression of Circ 0001434 effectively in-
creased using Circ 0001434 mimics, com-
pared with a negative group (Figure 4A). Then,
up-regulation of Circ 0001434 reduced IL-1(,
IL-6, IL-18, and TNF-a levels in the ALl in vitro
model, compared with the negative group
(Figure 4B-E). However, up-regulation of Circ
0001434 regulated the signaling pathway, in-
duced Wnt/B-catenin protein expression, and
suppressed the NF-kB signaling pathway in an
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ALl in vitro model, compared with the negative
group (Figure 4F-I).

miR-625-5p reduced the effect of Circ
0001434 on inflammation in an ALl in vitro
model

To further investigate the function of miR-625-
5p in the effect of Circ 0001434 on inflamma-
tion of ALI, the ALl in vitro model was co-trans-
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Figure 2. Down-regulation of Circ 0001434 accelerated inflammation in the in vitro model of ALI through miR-625-
5p. Circ 0001434 expression (A), TNF-a (B), IL-1B (C), IL-6 (D), L-18 (E) levels, Gene chip (F and G), analysis f results
(H), 3’UTR region of Circ 0001434 showed potential alignment with miR-625-5p sequence (l), luciferase reporter
activity levels (J), miR-625-5p expression (K and L). Negative, control negative group; miRNA-376¢-3p, Up-regulation
of Circ 0001434 group. *P < 0.01 versus control negative group.

fected with circ 0001434 inhibitor and anti- miR-625-5p expression was reduced using
miR-625-5p mimics. As shown in Figure 5A, anti-miR-625-5p mimics in the ALl in vitro
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model with circ 0001434 inhibitor, compared
with the circ 0001434 inhibitor group. Next, we
found that down-regulation of Circ miR-625-5p
induced Wnt, and B-catenin, and suppressed
NF-kB protein expressions in the ALl in vitro
model following circ 0001434 inhibitor, com-
pared with the circ 0001434 inhibitor group
(Figure 5B-E). Down-regulation of miR-625-5p
expression reduced IL-1B, IL-6, IL-18 and TNF-a
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Figure 4. Down-regulation of Circ 0001434 reduced in-
flammation in ALl in the in vitro model. Circ 0001434
expression (A), TNF-a (B), IL-1B (C), IL-6 (D), L-18 (E)
levels, Wnt, B-catenin and p65 protein expression us-
ing statistical analysis (F-H) and western blot analysis
(I). Negative, control negative group; 0001434, Up-
regulation of Circ 0001434 group. *#P < 0.01 versus
control negative group.
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levels in the ALl in vitro model following circ
0001434 inhibitor, compared with the circ
0001434 inhibitor group (Figure 5F-I).

Wnt reduced the function of anti-Circ 0001434

on inflammation in ALl in an in vitro model

To further investigate the role of Wnt in the

function of Circ 0001434 on cell apoptosis of

Int J Clin Exp Pathol 2019;12(9):3290-3300



Treatment of Circ 0001434 on acute lung injury

A 4
= 35 il
=3
Z .~ 3
H & 2r i
=15
v, B 1+
Ge
o~ 05
= 0 :
Control 0001434 inhibitor 0001434 inhibitor
+miR-625-5p inhibitor
C 12
£
Es 0.8 e
<z
=% 061
£5
=04
az
EE 02 F i
z <
- 0
< Negative 0001434 inhibitor 0001434 inhibitor
+miR-625-5p inhibitor
D 3s "
s 3
=
£ _ 25
0) L
22 2 s
=& 15}
gz |
]
F3
= 0 '
Z Negative 0001434 inhibitor 0001434 inhibitor
+miR-625-5p inhibitor
F
200
’E} 150 i
=
S
_—g 100 Hde
z
5 50
=
z
= 0 . .
Negative 0001434 inhibitor 0001434 inhibitor
+miR-625-5p inhibitor
H
400
350
2 300
= 250
Z 200
g 150
=2
= 100
=] 50
0 ) L

Negative 0001434 inhibitor 0001434 inhibitor
+miR-625-5p inhibitor

IL-10 levels (pg/mg) ®

IL-18 levels (pg/mg) —

B
1.2

=
£ s
=208
2z

=
£ 506
2 =04
Es i
: " -
=
2 0 :

Negative 0001434 inhibitor 0001434 inhibitor
+miR-625-5p inhibitor

Wnt

- - p-catenin

- - ‘ GAPDH

Negative 0001434 inhibitor 0001434 inhibitor
+miR-625-5p inhibitor

350

##
300
250
200 -
dede
150
100
i j
0 ) L
Negative 0001434 inhibitor 0001434 inhibitor
+miR-625-5p inhibitor
400 r
350 i
300 -
250
200 -
150 *
100
0 \ L

Negative 0001434 inhibitor 0001434 inhibitor
+miR-625-5p inhibitor

Figure 5. miR-625-5p reduced the effect of Circ 0001434 on inflammation in ALl in an in vitro model. miR-625-5p
expression (A), Wnt, B-catenin and p65 protein expression using statistical analysis (B-D) and western blot analysis
(E), TNF-ax (F), IL-1B (G), IL-6 (H), L-18 (l) levels. Negative, control negative group; 0001434 inhibitor, down-regulation
of Circ 0001434 group; 0001434 inhibitor + si-miR-625-5p, down-regulation of Circ 0001434 and miR-625-5p
group. #P < 0.01 versus control negative group, “*P < 0.01 versus down-regulation of Circ 0001434 group.

ALI, we used Wnt plasmid, andinduced Wnt and
B-catenin protein expression in the ALl in vitro
model. Figure 6 shows that Wnt plasmid in-
duced Wnt and B-catenin protein expression
and suppressed NF-kB protein expression, and
reduced IL-1j3, IL-6, L-18 and TNF-a levels fol-
lowing anti-Circ 0001434, compared with the
anti-Circ 0001434 group.
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Discussion

Acute lung injury (ALI) is caused by various non-
cardiac factors (including infection, sepsis,
shock, poisoning, trauma, etc.), resulting in da-
mage to pulmonary capillary endothelial cells
and alveolar epithelial cells, and inflammatory
cell infiltration to increase the permeability of

Int J Clin Exp Pathol 2019;12(9):3290-3300
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Figure 6. Wnt reduced the function of anti-Circ 0001434 on inflammation in the ALl in vitro model. Wnt, B-catenin,
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the alveolar capillary barrier system, causing
diffuse pulmonary edema [13]. In addition, a
variety of inflammatory mediators and effector
cells involved in ALl, with cascade inflamma-
tion, lead to acute hypoxic respiratory failure,
which is mainly characterized by refractory
hypoxia, and respiratory distress [3]. ALl is one
of the common emergencies and severe dis-
ease, whose main pathophysiological changes
are inflammatory reactions [14]. The failure to
control the development of inflammation could
lead to the progression of ALl into ARDS, and
eventually multiple organ dysfunction [14]. In
this study, we demonstrated that circ 00014-
34 expression was down-regulated in an ALI
model. Down-regulation of Circ 0001434 accel-
erated inflammation in an in vitro model of ALI
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through miR-625-5p. Dong et al. showed that
miR-625-5p may impact the pathogenesis of
dust mite-induced pediatric asthma [15].

The role of inflammatory factors in the ALI pro-
cess has always been a hot topic worldwide,
which is also considered to be a link affecting
the prognosis of lung injury [16]. The pathogen-
esis of ALl is complex, and it is difficult to com-
pletely explain it with a single cellular pathway
[16]. Instead, ALl is often the result of multi-
factor and multi-link interactions, and is the
pulmonary manifestation of systemic inflamma-
tory response [17]. The pathophysiological
changes of ALl are associated with the release
of a large number of pro-inflammatory media-
tors, causing the aggregation of inflammatory

Int J Clin Exp Pathol 2019;12(9):3290-3300



Treatment of Circ 0001434 on acute lung injury

cells (such as giant cells and neutrophils) in the
lung tissue [17]. Furthermore, we found that
up-regulation of Circ 0001434 regulated sig-
naling pathways, and induced Wnt/B3-catenin
protein expression, and suppressed the NF-kB
signaling pathway in an ALl in vitro model. miR-
625-5p regulates inflammation in an in vitro
model of ALl through Wnt/B-catenin/NF-kB.
Sanchez-Jiménez et al. showed that miR-625-
5p regulated Wnt signaling pathways in tran-
siently TIA-depleted HelLa cells by genome-wide
profiling [18].

NF-kB is an important signaling molecule in
intracellular signal transduction. Under normal
conditions, it is located in the cytoplasm in a
non-activated form [19]. When stimulated by
physical and chemical factors, it is activated
and translocated into the nucleus to induce the
expression of cytokines (IL-8 and TNF-«) and
adhesion molecules (ICAM-1 and VCAM-1) [5].
NF-kB, a transcription factor widely distributed
in multiple cell types, can regulate the stress
response of diverse cells, including immune
responses, inflammatory responses, and tran-
scription of genes involved in anti-apoptotic
effects of cells [19]. The dysregulation of NF-kB
activation is directly associated with multiple
human disorders (such as rheumatoid arthritis
and cancer) [20]. Therefore, the regulatory
mechanism of NF-kB activation has always
been a hot topic in the field of cellular biology
and immunology. In the present study, our
results showed that the miR-625-5p reduced
the effect of Circ 0001434 on inflammation in
the ALI in vitro model. Shen et al. suggested
that activation of the TLR4/NF-kB signaling
pathway induces pro-inflammatory cytokines
and up-regulates the expression of miR-625-5p
in a model of human intervertebral disc degen-
eration [21].

Wnt/B-catenin signaling pathway interacts with
the TGF-B1/Smads signaling pathway at the
ligand level, and there are also interactions of
transcription factors at both cytoplasmic and
nuclear levels [22]. With further clarification of
the relationship between the two signaling
pathways, the combined effect of blocking the
regulation of fibrosis would inevitably show
extensive application value in multiple fields
[7, 23]. Expression of Smad2, Smad3 and
[-catenin was significantly increased in patho-
logical scars [24]. Moreover, TGF-B1 could sig-
nificantly up-regulate the expression of -ca-
tenin protein during the TGF-B1-induced differ-
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entiation of normal fibroblasts into myofibro-
blasts [7, 22, 23]. In this study, our results
showed that Wnt reduced the function of anti-
Circ 0001434 on inflammation in the ALl in
vitro model. Sanchez-Jiménez et al. showed
that miR-625-5p regulates Wnt in transiently
TIA-depleted Hela cells by genome-wide profil-
ing [18].

In conclusion, Circ 0001434 mediates ALI-
induced lung inflammation through Wnt/B-
catenin/NF-kB activation by NF-kB by miR-625-
5p. Anti-Circ 0001434 might be an effective
agent for the treatment of ALl through anti-
inflammatory effects through suppression of
NF-kB and activation of the Wnt/B-catenin sig-
naling pathway.
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