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Abstract

Acute lung injury (ALI) caused by sepsis is characterized by a destructive high inflammatory response in lungs, which is the
ultimate cause of high mortality to patients diagnosed with sepsis. The objective of the present study is to explore the effect
and related mechanisms of circEXOCS5 on pyroptosis in septic ALI. Sepsis ALI mouse model was induced and established
by CLP induction and sepsis MPVEC cell model by LPS. HE staining was used to detect lung tissue pathological changes.
ELISA, flow cytometry, and Western blot were utilized to evaluate the release of inflammatory cytokines and cell pyroptosis,
and RIP was applied to verify the binding relationship between EZH2 and circEXOCS5 or Nrf2. Finally, the interaction
between CircEXOCS5 and EZH2, H3k27me3, and Nrf2 promoter regions was clarified using ChIP. CircEXOCS levels were
notably ascended in the lung tissues of septic ALI mice. And silencing circEXOCS inhibited cell pyroptosis and the release of
inflammatory cytokines in MPVEC stimulated by LPS. In addition, RIP and ChIP indicated that Nrf2 expression in MPVECs
cells could be inhibited by circEXOCS via recruiting EZH2. In addition, ML385 (a specific inhibitor of Nrf2) reversed the
efficacy of Knockdown of circEXOCS5 on the Inhibition of pyroptosis and inflammation of MPVEC cells stimulated by LPS.
These results indicated that CircEXOCS5 could promote cell pyroptosis through epigenetic inhibition of Nrf2 in septic ALI.
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Sepsis is a life-threatening disease and defined as “life-
threatening caused by the host’s unbalanced response to
infection organ dysfunction” in accordance with the third
international consensus definition of sepsis and septic shock
(Sepsis-3) [1, 2]. Lungs are particularly vulnerable to injury
when sepsis occurs, and over half of the patients diagnosed
with sepsis will worsen into acute lung injury (ALI) [3]. In
the course of sepsis-induced ALI progression, the activation
of inflammation and apoptosis pathways can result in
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destruction of alveolar epithelial cells, causing increased
epithelial permeability and influx of edema fluid into the
alveolar space [4, 5], which suggested that strategies to
regulate inflammation and apoptosis pathways may provide
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new opportunities for improving ALI induced by sepsis.
However, the specific pathophysiological mechanism of
sepsis-induced ALI is not yet clear and the effective method
to which is not available at present. Therefore, exploring the
mechanism and effective therapeutic targets of ALI caused
by sepsis is the focus of current research.

The role of inflammatory dysregulation in the
pathogenesis of ALI has been widely recognized, and it
is mainly related to the imbalance of the massive release
of inflammatory factors from crude salt [6]. When sepsis
occurs, NOD-like receptor thermal protein domain-
associated protein 3 (NLRP3) can be activated, and
inflammatory bodies represented by NLRP3 further
cleave and activate caspase 1. Typical pyroptosis is a
caspase 1-dependent death in cells with essential features
of production of pro-inflammatory cytokines and rapid
plasma membrane rupture [7]. Recent studies indicated
that alveolar macrophages and the pyroptosis of pulmonary
vascular endothelial cells were of great significance in
ALI progression [8, 9]. Moreover, studies have found that
Ac-YVAD-CMK, a specific caspase 1 inhibitor, could
attenuate LPS-induced lung injury activation and pyroptosis
of mice via inhibition of caspase 1 [10]. Accordingly,
inhibition of pyroptosis is likely to prevent or cure sepsis in
future clinical practice.

Nrf2 (nuclear factor erythropoietin-2-related factor 2), an
alkaline leucine zipper redox-sensitive transcription factor
with anti-inflammatory properties and antioxidant, is the
main controller and activator of dozens of cytoprotective
genes, such as blood oxygenase-1 (HO-1), effectively
resisting oxidative stress and inflammation [11]. Meanwhile,
studies have also found that activating Nrf2/HO-1 signaling
pathway could inhibit NLRP3 inflammasome-dependent
pyroptosis [12, 13]. Researchers have found that the
protection of artesunate on septic lung injury was associated
with HO-1 induction which was regarded as the main
anti-inflammatory enzyme controlled by Nrf2 activation
[14]. Therefore, Nrf2 may be relevant to the initiation and
progression of septic lung injury.

Circular RNA (circRNA), an endogenous non-coding
RNA newly discovered with a closed-loop structure, is
essential in regulating normal physiology along with
pathological developments. In the last couple of years,
circRNA has gradually been noticed being vital to sepsis-
induced ALI. For instance, study [15] once reported that
CircC3P1 attenuated the production of pro-inflammatory
cytokines in sepsis-induced ALI by regulating miR-21
and apoptosis. Circ_0004399 (CircEXOCS) is the latest
molecule that is highly expressed in ALI induced by sepsis
through gene sequencing analysis [16]. However, its role in
sepsis-induced ALI and its molecular mechanisms are still
unclear.
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Based on studies mentioned above, we speculated that
circEXOCS was highly expressed in sepsis-induced ALI
and that knockdown of circEXOCS5 could inhibit pyroptosis,
thereby alleviating sepsis-induced ALI In the present study,
we further analyzed its related mechanisms in sepsis-induced
ALI to seek for related new potential therapeutic targets.

Methods
Construction of sepsis ALI animal model

Adult male C57BL/6 mice (Charles River Laboratories,
Beijing, China) were kept under a regulated environment of
22-24 °C, with a 12-h light—dark cycle and 60% humidity
and were provided with water and food ad libitum. After
one week of acclimatization, mice selected were randomly
divided into sham group and model group, 20 mice each.
Sepsis-induced ALI mouse model was established in model
group through cecal ligation and puncture (CLP) with
following specific operations: After anaesthetization with
10% chloral hydrate (3 mL/kg) on abdomen, mice were
fixed in the supine position on the operating table. Cecum
was exposed using a 0.5-cm longitudinal midline incision,
and it was ligated 1 cm from the tip and then puncture was
conducted once with 20-gauge needle at 0.5 cm from the
ligation site. After gentle squeeze of cecum for a small
amount of feces, mice intestine was re-positioned in their
abdominal cavity with abdominal muscle tissue, peritoneum,
and skin closed. Subsequently, hypodermic injection of
normal saline was instantly offered. Apart from cecal
ligation or puncture, mice in Sham group underwent the
same operation described above. Experiments conducted
in the present study were admitted by the animal ethics
committee of our hospital.

HE staining for detection of pathological changes
in lung tissues

All mice were euthanized (cervical dislocation) 3 days
after surgery, and lung tissues were collected immediately
for histopathological examination. Paraffin-embedded
tissues were cut into sections with 5 pm each, stained with
hematoxylin and eosin (H&E), and observed with a light
microscope (magnification X400). The degree of lung injury
was assessed by lung injury score [17]. Scores are given
by a comprehensive assessment of pulmonary hemorrhage,
alveolar wall thickening, alveolar structural changes, hyaline
membrane formation, and inflammatory cell infiltration:
0 indicates normal; 1 indicates mild injury; 2 indicates
moderate injury; 3 indicates severe injury; and 4 indicates
very severe histological changes.
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Cell culture and transfection

The primary mouse pulmonary microvascular endothelial
cells (MPVECs, 1x10%mL) were cultured in DMEM
(Gibco, USA) by previous method. To set up an
overexpression of circEXOCS vector, we cloned circEXOCS
sequence into a PKCDH circular vector (RiboBio, China).
Negative control vector was provided by GenePharm
(Shanghai, China). Then, both circEXOCS5 and empty
vector were transfected into cells with Lipofectamine 2000
(Invitrogen, USA). 24 h after transfection, MPVEC was
put into contact with lipopolysaccharide (LPS, 1 mg/mL)
purchased from Sigma-Aldrich. Lastly, expression of related
factors in the cells was evaluated 6 h after LPS treatment.

Enzyme-linked immunosorbent assay (ELISA)

Cells (1x 10°/well) were seeded into 6-well plates and
treated as corresponding protocol. Then, cell supernatants
were collected for cytokine detection. For in vivo assay,
lung tissues were homogenized and centrifuged (14,000 g,
5 min) to collect the supernatants. Corresponding ELISA kit
(USCN Life Science, Wuhan, China) was applied to assess
the levels of interleukin-18 (IL-18) and IL-1f in cell culture
supernatants and tissue samples.

Flow cytometry for cell pyroptosis detection

Cells were seeded into 6-well plates at a density of 1x 10°
cells/well. After the cells were pretreated, the supernatant
was aspirated and cells of each group were rinsed twice
with 10 mmol/L PBS. Later, we treated the cells with cell
digestion solution without EDTA. With the deformation of
cells and disappearance of cells connection, the digestion
was terminated with complete culture medium and cells were
then gently pipetted to fall off from the six-well plate wall
in a sandy shape. Then after transferring the cell suspension
to a sterile centrifuge tube, we centrifuged it for 5 min at
800 rpm with supernatant discarded. Afterward, it was
resuspended by adding 10 mmol/L PBS and washed twice.
Subsequently, we aspirated and discarded the supernatant,
resuspended the cells, and adjusted the number of cells
to 1x10° cells/mL. 100 pL of cell suspension was taken
and placed in a dedicated flow tube with 5 pLL PT and 5 pL
Annexin V-FITC added successively in the dark for mixture
and then incubated for 15 min under room temperature away
from light. 400 pL 1 X Binding Buffer should be added for
resuspension of cells before using the machine and the test
should be performed within 30 min. BD FAC-SDiva.§
software was used for data analysis. The percentage of
AnnexinV-FITC*/PI* double-positive cells was applied as
the pyroptosis rate. Experiment stated above was conducted
repeatedly for three times.

Fluorescence staining for ROS detection

Production of intracellular ROS was detected with
DCFH-DA (Beyotime, China) in the current step. Seeded
in a 6-well plate with DCFH-DA (10 pM) added, the cells
(1.5%10° cells/well) were then incubated at 37 °C away
from the light and washed 3 times with PBS. And ROS
was detected by a fluorescence microscope (OLYMPUS
IX73, Tokyo, Japan) and captured by OLYMPUS cellSens
Standard 1.17 under room temperature in the dark. The
experiment was repeated three times.

qRT-PCR detection

Cells were seeded in 24-well plates at a density of 1x 10
cells per well, then cultured, and treated. Total RNA was
extracted from MPVECs and mouse lung tissues with
TRIzol (Invitrogen, CA, USA). The transcription of RNA
was reversed to cDNA with PrimeScript™ RT Master Mix
(Takara, China) following the manufacturer’s instructions.
circEXOCS level was detected by Roche Light Cycler 480
Real-time PCR Amplifier according to kit instructions. The
reaction conditions were as follows: 95 °C pre-denaturation
for 2 min, 95 °C amplification for 15 s, and 60 °C annealing
for 1 min, with a total of 40 cycles of above steps. GAPDH
was served as an internal control and 2724 was for data
analysis. circEXOCS5: Forward primer: 5'-AGAGTTCCT
TGAGCTTGAAATGA-3', Reverse primer: 5'-CCATGT
GGCCTGGACAAAAC-3" and GAPDH: Forward primer:
5'-CCTTCCGTGTCCCCA CT-3', Reverse primer: 5'-GCC
TGCTTCACCACCTTC-3'.

Western blot

Total protein isolated from mouse lung tissues and MPVECs
(2% 10° cells/well in 6-well plates for culture and treatment)
was lysed by RIPA lysis buffer (Beyotime, China), and BCA
protein assay kit (Beyotime, PO010, China) was utilized to
detect the protein concentration. After separating 40-80 pg
of protein on a 10% SDS-PAGE gel, we transferred it to a
polyvinylidene fluoride (PVDF) membrane (MilliporeSigma,
Burlington, USA) and sealed for subsequent operation.
Later, PVDF membrane was incubated at 4 °C for 12 h
along with NLRP3 (1:1000, ab214185), ASC (1:1000,
ab283684), cleaved caspase 1 (1:2000, ab32503), Nrf2
(1:2000, ab32503), HO-1 (1:2000, ab32503), and B-actin
(1:1000, ab8226) primary antibody (Abcam, Cambridge,
UK) and then it was incubated along with the goat anti-
rabbit secondary antibody (1:2000, ab6721) for 50 min.
Alphalmager™ 2000 imaging system (Alpha Innotech, San
Leandro, USA) was utilized for quantification of protein
bands density.
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RNA immunoprecipitation (RIP)

Magna RIP RBP immunoprecipitation kit (EMD
Millipore) was applied for RIP determination. Cells
(2% 107) lysate was incubated with dynabeads coated with
IgG antibody or AGO?2 antibody for 12 h at 4 °C, and the
complex of protein-RNA was captured and digested with
proteinase K to extract RNA fraction. Later, we washed
the magnetic beads repeatedly with RIP washing buffer to
remove as much non-specific adsorption as possible and
lastly subjected the extracted RNA to qRT-PCR.

Chromatin immunoprecipitation (ChIP)

ChIP was conducted strictly in accordance with the
instruction of kit (Millipore). MPVECs (1 X 10%) were
used to evaluate the binding of EZH2 and H3K27me3 to
the Nrf2 promoter. MPVECs were placed in the digestion
buffer, then with 0.3 U of micrococcal nuclease (MNase;
Sigma-Aldrich, St. Louis, MO) put into the solution,
and then it was incubated under 37 °C for 5 min. After
inactivating the reaction by incubating with 50 mM RIPA
buffer and EDTA for 16 h, the solution was incubated with
around 3 pg of H3K27me3 primary antibodies and EZH2
(#5246) along with dynabeads protein A beads (Invitrogen,
#9733) at 4 °C for 16 h. For comparison, normal rabbit

IgG (Santa Cruz sc-2025) was taken as a control. And its
DNA was extracted and processed in accordance with the
instructions of ChIP Kit used in PCR analysis. IgG was
used as a control to determine the relative enrichment level
in the current step.

Statistical analysis

SPSS19.0 was utilized to perform statistical analysis on data
collected, and GraphPad 8 (GraphPad Software) was utilized
to draw the required pictures. The ¢ test was conducted for
comparison between groups, one-way analysis of variance
for that among multiple groups, and LSD ¢ test was for post
hoc comparison. P <0.05 indicated notable difference.

Results

Sepsis lung injury facilitated cell pyroptosis
and up-regulated the expression of circEXOC5

A mouse model of sepsis was constructed and the
pathological lung tissue changes of the mice were detected
by HE staining. It was found that the alveolar morphology
of sham group mice was normal, while that in the CLP
group showed vascular congestion, hemorrhage, collapse of
alveolar sacs, and thickening of alveolar walls and alveolar
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Fig. 1 Septic lung injury could promote pyroptosis and up-regulates
the expression of circEXOCS5. A Pathological changes in lung
tissues of septic ALI mice were observed by HE staining, and the
injury score of the mice was evaluated; B the expression of IL-18
and IL-1p in lung tissues of septic ALI mice were observed with
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ELISA; C protein expression of NLRP3, ASC, and cleaved Caspase
1 were detected with western blot; D expression of circEXOCS in
lung tissues of septic ALI mice was detected with qRT-PCR. n=6,
6 tissues from 6 mice. *P<0.05, **P<0.01, ***P<0.001. All the
experiments were performed in triplicate
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septa. In addition, the injury score of mice in CLP group was
significantly higher than that in the Sham group (Fig. 1A).
Compared to the sham group, levels of IL-18 and IL-1p
in lung tissue of the CLP group mice showed significant
increase via ELISA test (Fig. 1B), the protein expression
of NLRP3, ASC, and cleaved caspase 1 in lung tissue of
mice was detected with striking incline in CLP group via
western blot (Fig. 1C), and qRT-PCR detection presented a
drastic up-regulation of circEXOCS5 in CLP group (Fig. 1D).
Above results indicated that the sepsis ALI mouse model
was established successfully, and expression of circEXOCS5
could be up-regulated in sepsis ALI mice.

Silencing circEXOC5 inhibited LPS-induced
pyroptosis of MPVECs cells

To analyze the effect of circEXOC5 on LPS-induced
MPVEC:s cell pyroptosis, we transfected circEXOCS5 shRNA
and its negative control in MPVECs cells, and qRT-PCR
results showed that compared to shNC group, transfection
of shcircEXOCS drastically declined the expression of
circEXOCS5 (Fig. 2A). After transfection, LPS was applied
to induce MPVECs for stimulation of an in vitro injury
model of sepsis, and fluorescent staining was for ROS level
detection which revealed that LPS significantly promoted
the cellular ROS level, while knocking down circEXOC5
strikingly reduced ROS generation when compared with
control group (Fig. 2B). Subsequently, flow cytometry
detected cell pyroptosis and indicated that pyroptosis was
significantly increased after LPS induction, while knocking
down circEXOCS5 significantly inhibited pyroptosis
(Fig. 2C). ELISA test results revealed that levels of IL-18
and IL-1f in cells of LPS group were notably increased,
while significantly reduced with knockdown of circEXOC5
(Fig. 2D). Western blot results showed that the expression
of NLRP3, ASC, and cleaved caspase 1 presented notable
rise in LPS group, while knocking down circEXOC5
significantly reversed the expression of the above pyroptosis-
related proteins (Fig. 2E). Results above indicated that
silencing circEXOCS could effectively inhibit LPS-induced
pyroptosis of MPVEC cells.

circEXOC5 apparently inhibited the expression
of Nrf2 by recruiting EZH2

Then, the mechanism by which circEXOCS5 regulates
downstream pathways and cell functions was investigated.
Western blot was for detection of EZH2 and H3k27me3
expression, which indicated that in comparison with the
control group, expression of EZH2 and H3k27me3 in the
LPS group was increased strikingly, while knocking down
circEXOCS significantly down-regulated the expression
of H3k27me3 and EZH2 (Fig. 3A). RIP detection of the

binding between circEXOCS5 and EZH2 indicated that,
compared with the IgG treatment group, RIP enrichment
of CircEXOCS in the EZH?2 antibody treatment group was
drastically enhanced (Fig. 3B). ChIP was utilized to detect
the expression of the Nrf2 promoter, showing that compared
with the shNC group, the accumulation of EZH2 and
H3K27me3 in Nrf2 promoter region was declined notably
after circEXOCS5 was knocked out (Fig. 3C). Subsequently,
to prove whether circEXOCS5 could apparently inhibit the
expression of Nrf2 by recruiting EZH2, we over-expressed
circEXOCS and inhibited the expression of EZH2 in
MPVECs simultaneously, showing that compared with
vector, overexpression of circEXOCS strikingly inhibited the
expression of Nrf2, while knocking down EZH2 partially
restored the expression of Nrf2 (Fig. 3D). Above results
indicated that circEXOCS5 could inhibit Nrf2 expression in
MPVEC:s by recruiting EZH2.

circEXOC5 could promote LPS-induced MPVEC
pyroptosis by regulating the Nrf2/HO-1 signaling
pathway

To further investigate the effect of Nrf2/HO-1 pathway on
circEXOCS regulating MPVEC pyroptosis, we introduced
ML385 (Nrf2-specific inhibitor). And fluorescence staining
was used for detection of ROS level, which revealed that
ROS level induced by LPS was reduced significantly by
silencing circEXOCS5 and reversed markedly by Nrf2
inhibitor treatment (Fig. 4A). Results of flow cytometry
detection of cell pyroptosis showed that silencing
circEXOCS notably declined LPS-induced pyroptosis, while
Nrf2 inhibitor treatment significantly rose cell pyroptosis
(Fig. 4B). ELISA test results showed that silencing
circEXOCS strikingly inhibited the expression of IL-1f and
IL-18 induced by LPS, while treatment with ML.385 notably
increased the content of IL-1p and IL-18 (Fig. 4C). Finally,
western blot detection showed that LPS induced down-
regulation of Nrf2 and HO-1 expression while promoted that
of NLRP3, ASC, and cleaved caspase 1 when compared with
the control group. However, knocking down circEXOC5
significantly accelerated the expression of HO-1 and Nrf2
and inhibited that of NLRP3, ASC, and cleaved caspase
1. Furthermore, when ML385 treatment was conducted
after the knockdown, the expression of above proteins was
significantly reversed (Fig. 4D). Above results suggested that
circEXOCS5 could promote LPS-induced MPVEC pyroptosis
by regulating the Nrf2/HO-1 signaling pathway.

Silencing circEXOC5 could relieve septic lung injury
in vivo

To further verify the effect of circEXOCS5 on septic lung
injury at the animal level, we injected adenovirus (Ad)-sh
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Fig.2 Silencing circEXOC5 inhibited LPS-induced pyroptosis
of MPVECs cells. A The transfection efficiency of shcircEXOCS
was detected with qRT-PCR; B the effect of shcircEXOCS5 on
ROS in MPVECs induced by LPS was detected with DCFH-DA
fluorescence staining; C the pyroptosis of MPVECs induced by LPS
after shcircEXOCS transfection was detected with flow cytometry;
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D the expression of IL-18 and IL-1p in MPVECs cells induced by
LPS after shcircEXOCS5 transfection was detected with ELISA;
(E) the expression of NLRP3, ASC, and cleaved caspase 1 protein
in MPVECs induced by LPS after shcircEXOC5 transfection
was detected with western blot. n=3. *P<0.05, **P<0.01,
*##%P <0.001. All the experiments were performed in triplicate
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Fig.3 circEXOCS apparently inhibited the expression of Nrf2 by
recruiting EZH2. A EZH2 and H3k27me3 expression in MPVECs
induced by LPS after circEXOCS shRNA transfection were detected
with western blot; B the binding between circEXOCS and EZH2 was
detected with RIP; C expression of Nrf2 promoter was detected with

circEXOCS5 or negative control (NC) into the tail vein
according to the group one week before the establishment
of the sepsis mouse model and conducted following
comparison taking sham group as the control. Firstly,
gRT-PCR was for detection of circEXOCS5 expression,
showing that the expression of circEXOCS5 in CLP group
was notably up-regulated, while knocking down circEXOC5
significantly reduced its own expression level (Fig. 5A).
The measurement results of the lung dry weight ratio of the
mice in each group suggested that the ratio in CLP group
increased drastically, while knocking down circEXOC5
significantly reduced the lung dry weight ratio (Fig. 5B).
HE staining was for detection of pathological changes in the
lung tissue of mice, indicating that the alveolar morphology
of sham group was normal, and mice in CLP group showed
symptoms like vascular congestion, hemorrhage, alveolar
sac collapse, and thickening of alveolar walls and alveolar
septa and its Injury score was significantly higher than that
of the sham group. After knocking down circEXOCS, the
morphological changes of lung tissue in mice induced by
CLP were significantly relieved, and the Injury score was
significantly lower than that of the CLP 4 Ad-sh NC group.

ChIP; D The effect of circEXOCS5 overexpression and simultaneous
inhibition of EZH2 on Nrf2 expression in MPVECs cells. n=3.
**P <0.01, ***P<0.001. All the experiments were performed in
triplicate

(Fig. 5C). ELISA test showed that the contents of IL-18 and
IL-1p in the lung tissue of CLP mice increased strikingly,
while knocking down circEXOCS5 could significantly
reduce them (Fig. 5D). Western blot results suggested that
the expression of NLRP3, ASC, and cleaved caspase 1 was
drastically promoted in the CLP group, while knocking down
circEXOCS significantly down-regulated the expression of
the above pyroptosis-related proteins (Fig. SE). Taken all
together, silencing circEXOCS could alleviate septic lung
injury at the animal level.

Discussion

Sepsis, a systemic inflammatory response syndrome (SIRS)
with complex causes, is most likely to result in multiple
organ dysfunction syndrome (MODS) and mortality
among critically ill patients [18]. ALI is characterized
by a destructive and excessive inflammatory response in
the lungs and is considered to be one of the most serious
complications of sepsis, leading to a high mortality rate to
sepsis patients [19]. In the present study, we established
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Fig.4 circEXOCS could promote MPVEC cell pyroptosis caused by
LPS via regulating Nrf2/HO-1 signal. A ROS level in sepsis model
cells transfected with circEXOCS shRNA treated with ML385 was
detected with DCFH-DA fluorescence staining; B the pyroptosis of
sepsis model cells transfected with circEXOCS shRNA treated by
ML385 was detected with flow cytometry; C expression of IL-1f

a sepsis-complicated ALI mouse model through CLP
induction, and obvious ALI features were observed among
the ALI mice, including hemorrhage, pulmonary edema,
and excessive accumulation of inflammatory cell. It was

@ Springer

caspase1

and IL-18 in sepsis model cells transfected with circEXOC5 shRNA
treated with ML385 were detected using ELISA; D Nrf2, HO-1,
NLRP3, ASC, and cleaved caspase 1 protein expression in sepsis
model cells transfected with circEXOC5 shRNA treated by ML385
were detected with western blot. n=3. *P<0.05, **P<0.01,
*#%P <0.001. All the experiments were performed in triplicate

also observed in ALI mice with activation of NLRP3
inflammasome, change of expression in pyroptosis-
related proteins, and marked up-regulation of circEXOCS.
Researches indicated that the increases of pyroptosis and
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Fig.5 Silencing circEXOCS could alleviate septic lung injury at the
animal level. A circEXOCS expression in septic lung injury mice
after Ad-shcircEXOCS5 injection was detected with QRT-PCR; B The
dry weight ratio measurement results of the lungs of each group of
mice after Ad-shcircEXOCS injection; C pathological changes of
lung tissues in mice after Ad-shcircEXOCS injection were detected
with HE staining, and the injury score of the mice was evaluated;

pro-inflammatory mediators played a vital role in the process
of sepsis-induced ALI, and inhibition of inflammation
and pyroptosis could improve sepsis-induced lung injury
[20, 21]. And we also observed in the present study that
circEXOCS5 could promote pyroptosis through epigenetic
inhibition of Nrf2 in septic ALI. This allowed us to see the
potential therapeutic role of circEXOCS5 in managing sepsis-
induced ALI

At present, the regulatory role and potential mechanisms of
circRNA working in the pathogenesis of inflammation-related

D changes in the levels of IL-1f and IL-18 in mouse lung tissues
after Ad-shcircEXOCS injection were detected using ELISA; (E)
expression of NLRP3, ASC, and cleaved caspase 1 protein in lung
tissues of mice after Ad-shcircEXOCS injection were detected with
western blot. =6, 6 lung tissues from 6 mice. *P <0.05, **P <0.01,
*##%P <0.001. All the experiments were performed in triplicate

diseases have been widely discussed. For example, study once
found that circRNA 103765 acted as a pro-inflammatory factor
in Crohn’s disease through sponge miR-30 [22]. There were
also studies on sepsis showing that circRNA 0001105 could
protect the intestinal barrier of septic rats by inhibiting YAP1
expression, oxidative damage, and inflammation [23]. At
present, mouse lung microvascular endothelial cells stimulated
by LPS have been widely used as an ALI cell model [24]. We
also found that LPS could trigger the release of MPVECs cell
pyroptosis and inflammatory cytokine levels, while silencing
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circEXOCS could significantly alleviate the pyroptosis and
inflammation of MPVECs induced by LPS. Moreover, it was
observed in animal experiments that silencing circEXOCS5
significantly improved CLP-induced ALI in mice. In summary,
above data indicated that silencing circEXOCS5 could improve
sepsis-induced ALI both in vivo and in vitro. Previous
studies suggested that circRNAs were related to ALI [25].
For example, it was found that silencing circ_0054633 could
alleviate LPS-induced ALI through NF-kB signaling pathway,
which is consistent with our observation of how circRNAs
works in ALI. And since the role of CircEXOCS in sepsis
has not been reported yet, we are the first to report the role of
CircEXOCS on sepsis-induced ALIL

It was previously reported that circRNA could regulate
Nrf2 to regulate inflammation-related diseases. For example,
Liu and his team found that Hsa_circ_0005915 could
promote N, N-dimethylformamide-induced oxidative stress
in HL-7702 cells via Nrf2/ARE axis [26]. In the present
study, we verified the role of circEXOCS5 working in septic
ALI, which was observed to inhibit Nrf2 expression by
recruiting EZH2 to Nrf2 promoter, thereby promoting
the occurrence and development of septic ALI. Although
silencing circEXOCS5 did not change the overall expression
level of EZH2, it was observed that the binding between
Nrf2 promoter and EZH2 was reduced, which is of value
in clinical practice and in urgent need of further research.

EZH?2, the catalytic subunit of Polycomb Inhibitory
Complex 2 (PRC2), can catalyze the production of
trimethylated H3K27 (H3K27me3) from Lysine 27 (H3K27)
of histone H3 [27]. Previous studies reported that EZH2 was
observed to participate in the regulation of inflammation.
For instance, it was suggested that EZH2 played a vital
role in regulating microglia’s essential genes for activating
inflammation [28]. In addition, other studies have also
shown that recruiting H3K27me3 to the promoter site of
Nrf2 could inhibit Nrf2 transcription [29], which is similar
to the mechanism we have observed. HO-1 can be activated
by Nrf2 and have anti-apoptotic effects, antioxidant, and
anti-inflammatory along with its metabolites [30]. Former
studies have verified that HO-1 could play a protective role
in lung injury induced by sepsis via protecting lungs from
inflammation and oxidant-induced tissue damage [31, 32].
In addition, studies have found that overexpression of HO-1
could attenuate ROS production, thereby reducing neutrophil
infiltration [33]. In our study, however, it was found that
knocking down circEXOCS notably promoted the expression
of Nrf2 and HO-1, while ML385 treatment significantly
inhibited the expression of Nrf2 and HO-1 protein, which
suggested that HO-1 expression could be regulated by Nrf2,
altogether proving that circEXOCS5 could promote LPS-
induced MPVEC:s cell pyroptosis by regulating the Nrf2/
HO-1 signaling pathway. To our knowledge, this is the first

@ Springer

report to reveal and emphasize the importance of EZH2 in
regulating Nrf2 expression in septic ALI.

Conclusions

In summary, our current findings indicated that circEXOC5
was up-regulated in septic ALI. circEXOCS5 could
contribute to the activation of inflammasomes in septic ALI
and regulate the Nrf2-mediated antioxidant response by
interacting with EZH2, thereby promoting the occurrence
of ALI These findings indicated that circEXOCS may be a
potential target for clinical application of anti-septic ALI.
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