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Circular RNA PARG adjusts miR-140-3p to influence progression in sepsis
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Sepsis has been characterized as a frequent medical problem with high mortality and severe complication
medical problem in the intensive care unit (ICU). Here, qRT-PCR was used to examine circRNA PARG ex-
pression levels in patients with sepsis and in human pulmonary microvascular endothelial cells (HPMEC).
Lipopolysaccharide (LPS)-simulated HPMEC were hybridized using RNA-Fluorescence in situ hybridization
to confirm the location of circRNA PARG and miR-140-3p. The biological role of downregulated circRNA
PARGin cellular proliferation, apoptosis, and inflammatory and apoptosis responses was evaluated. performed
A dual-luciferase reporter assay was performed to determine the relationship between the circRNA PARG with
miR-140-3p. In this study,circRNA PARG aberrant expression was found, and the effects of circRNA PARG
on lipopolysaccharide (LPS)-stimulated apoptosis of HPMEC cells were further investigated. Down-regulated
circRNA PARG led to significant alleviation of LPS-simulated cell apoptosis via inhibition of inflammatory
and apoptosis-related genes, while upregulated circRNA PARG exhibited the opposite effects. Further findings
indicated that circRNA PARG positively modulated the relative level of miR-140-3p, which has been confir-
med using the luciferase reporter assay. Upregulated circRNA PARG led to a reversal of LPS-simulated cells
after transfection of miR-140-3p mimic. In general, a novel insight into understanding the important effects of
circRNA PARG in sepsis is provided.

Doi: http://dx.doi.org/10.14715/cmb/2023.69.5.17

Copyright: © 2023 by the C.M.B. Association. All rights reserved.

Introduction

Sepsis is a potentially life-threatening disease and
causes infection and systemic inflammatory reaction (1).
Sepsis can result in multiple organ dysfunction and syste-
mic inflammatory responses; the most obvious manifesta-
tion is acute respiratory distress syndrome (ARDS) (2,3).
Critically ill patients are often admitted to intensive care
units (ICUs) due to sepsis (4). The sepsis-associated mor-
tality rate of patients with sepsis is as high as 40%. At pre-
sent, a variety of key sepsis-related genes have been isola-
ted and evaluated. Although some progress has been made
in basic research, no effective method for sepsis treatment
is available.

Recent research has revealed that noncoding RNAs are
involved in various cell signaling pathways and participate
in the progression of numerous diseases. These molecules
include circular RNAs (circRNAs) (5,6), long noncoding
RNAs (IncRNAs) (7), and microRNAs (miRNAs) (8). As
a novel member of noncoding RNAs, circRNAs are abun-
dant in eukaryotes. These RNAs exert a biological role in
the progression of various diseases and cellular pathways
(9). More importantly, the unique stability of circRNAs
with cell- and tissue-specific expression in body fluids is
considered a potential biomarker for sepsis. This type of
RNA can modulate genes by affecting transcription levels
and then be translated by adjusting RNA-binding miRNAs
and proteins (10,11).

MiRNAs are also members of endogenous nonco-
ding RNA molecules and the length is 1823 nucleotides,
which are widely expressed in serum and tissues. Through
binding with specific base pairs on messenger RNA (mR-
NAs), the translation of mRNA is inhibited or degraded,
resulting in a decrease in the target protein level, which
further regulates the intercellular signaling pathways (12-
14). Accumulating studies have shown that miRNAs are
associated with various biological progression, inclu-
ding proliferation, apoptosis, mitochondrial dysfunction,
immune response, and other pathological processes (15-
17). The abnormal expression of miRNAs is common in
diseases, so the application of miRNAs in the treatment
of various diseases has attracted more and more attention
(18,19). In sepsis, a study revealed that miR-140 could
inhibit WNTI11 expression and prohibit skeletal muscle
lactate release in septic mice (20). miR-140 is a poten-
tial target of circRNA PATG during sepsis. Another study
showed that miR-140 could regulate inflammatory factors
and myeloperoxidase in lung A549 cells (21).

In this study, our findings investigated the aberrant
expression of circRNA PARG found in the blood of sep-
tic patients, resulting in dysregulation of expression of the
inflammatory and apoptosis-related genes that control the
biology of cell progression. In addition, the potential func-
tional mechanism of circRNA PARG is associated with
understanding the pathogenesis of sepsis from the pers-
pective of circRNA.
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Materials and Methods

Clinical samples

Septic patients (n = 80) and healthy volunteers (n = 80)
were enrolled in the current study. The project was appro-
ved by the Ethics Committee of the First Affiliated Hospi-
tal of Gannan Medical College. All participants involved
in this research provided informed consent.

Cell line and cell transient transfection

The human pulmonary microvascular endothelial
cell (HPMEC) was obtained from ATCC and seeded in
Dulbecco's modified Eagle’s medium (DMEM), supple-
mented with fetal bovine serum ([FBS]; 10%) and peni-
cillin (1%). The cell plate was cultured at 37 °C with 5%
CO,. A concentration of 5 mg/ml LPS (Sigma, MO, USA)
was prepared in phosphate-buffered saline (PBS), and a
final concentration of 10 ug/ml LPS was injected into the
medium. LPS was used to stimulate the HPMEC cells,
which were further used to investigate the circRNA PARG
role in sepsis.

HPMEC cells (1x10° cells) per well were cultured in a
6-well plate. When HPMEC cells grew to 70% confluence,
cell transfection was performed. For silencing studies,
small interfering RNAs targeting circRNA PARG (si-cir-
cRNA PARG) and miR-140-3p mimic have been acquired
from GenePharma Company (Shanghai, China). Lipofec-
tamine 2000 (Invitrogen) has been utilized for transient
transfection. For overexpression studies, circRNA PARG
has been constructed into the pcDNA 3.1 vector. Briefly,
50 nMsi-circRNA PARG, 50 nM miR-140-3p mimic, or
10 ug pcDNA-circRNA PARG was used for transfection.
After 6 h of transfection, the cell culture medium was
replaced with a serum-containing medium for an additio-
nal 24 or 48 h. The treated cells were collected for further
experiments.

RT-qPCR assay

All RNA was isolated from the HPMECs by TRIzol
(Invitrogen). Prepared RNA (500 ng) was directly reverse-
transcribed into cDNA and then subjected to PCR. All pri-
mers used in the current study were obtained from Sangon
Biotech (Shanghai). The internal controls for circRNA and
miRNA were glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and U6, respectively. The reaction cycle was
set to 40. All relative levels were assayed using the 2-44¢T
assay. All primers sequences see in Table 1.

circRNA PARG characterization

For actinomycin D (Sigma-Aldrich) treatment, 2 ug/ml
reagent was added to HPMEC cells and then incubated for
0, 4, 8, 12, and 24 h. For RNase R (Epicentre Technolo-
gies, Madison, USA) treatment, 2 ug reagent was added to

Table 1. Primer list.

the HPMECs for 30 min. Later, total RNA was isolated,
and the relative levels of the circular and linear subtypes
were measured.

RNA-Fluorescence in situ hybridization

Transfected LPS-simulatedHPMECs were culture on
cover slips and washed with cytoskeletal (CSK) buffer.
The cells were later fixed with 4% paraformaldehyde in
a 4 °C incubator for an additional 10 min. The hybridiza-
tion liquid containing probe (DIGlabelled FAM circRNA
PARG or Cy3-labelled miR-140-3p) was denatured at 76
°C for an additional 10 min. The hybrid solution was then
dropped on a hanging plate, placed with the cover slide,
sealed with rubber cement, and hybridized at 37 °C for 24
h in a wet cassette. After hybridization, the rubber and co-
ver slide was discarded, and the hanging slide was washed
with formamide. 4’,6-amidino-2-phenylindole (DAPI) so-
lution was added to the slide, and the coverslip was placed
on top and then incubated under a dark. Excessive fluid on
the slide was discarded, and the slide was sealed with an
antifade reagent seal.

CCKS assay

CCKS reagent (100 pnL) was injected into the transfec-
ted LPS-simulated HPMECs at 0, 24, 48, and 72 h. After
12 h incubation, absorbance was examined at OD,, using
a microplate reader (Bio-Rad, USA), and the inhibition of
the rate proliferation was further calculated.

Colony forming assay

Transfected LPS-simulated HPMECs were cultured
in a six-well plate. When the number of cells was greater
than 50, the supernatant medium was removed, cells were
washed with PBS, and the cells were then stained with 1
ml crystal violet (Sigma-Aldrich). A colony size of 50 pm
was determined. All results were performed in triplicate.

Flow cytometry

The apoptosis rate was assayed using Annexin propi-
dium iodide (PI) staining after which flow cytometry was
performed. After 48 h, transfected HPMECs were harves-
ted, washed, and centrifuged. A cell level of 1 X 10°ina 100
ul volume was suspended in binding buffer supplemented
with 2 ul Annexin-V-FITC in the dark for 15 min. After
washing, treated cells were immediately re-suspended
in fresh binding buffer, and 1 ul PI was injected into the
tube and incubated for 20 min. Cells were examined and
analyzed by ModFit. FI2-w and FL2-A were utilized, and
conjoined cells were removed.

Dual-luciferase reporter system
Wild-type circRNA PARG, mutant circRNA PARG,
and miR-140-3p were synthesized by Sangon Biotech

Gene name Primer name Primer sequence

GAPDH GAPDH-F(homo) CACCCACTCCTCCACCTTTGA
GAPDH-R(homo) TCTCTCTTCCTCTTGTGCTCTTGC

Us U6-F(homo) CTCGCTTCGGCAGCACA
U6-R(homo) AACGCTTCACGAATTTGCGT

miR-140-3p miR-140-3p-F TGCGGCAGTGGTTTTACCCTATG
miR-140-3p-R CCAGTGCAGGGTCCGAGGT
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(Shanghai, China) and then subcloned into pcDNA 3.1
vector. LPS-simulated HPMECs at a density of 3 x 10* per
well were seeded in a 24-well plate and then co-transfec-
ted with miR-140-3p mimics, miR-NC with pcDNA 3.1
vector-wt-circRNA PARG, or pcDNA 3.1 vector-mut-cir-
cRNA PARG. After 48 h, luciferase activities were exa-
mined.

Protein extraction and western blotting

The treated HPMECs were collected and resuspended
in a radioimmunoprecipitation (RIPA) lysis buffer (Beyo-
time, China). Each sample (10 ug) was loaded on a so-
dium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and immediately transferred into a polyvi-
nylidene fluoride membrane (PVDF) membrane. Next, the
membrane was blocked and incubated with the first anti-
bodies (1:1000) at 4 °C for 12 h. On the following day, the
treated membrane was incubated with the appropriate hor-
seradish peroxidase (HRP)-labeled secondary antibodies
(1:5000; Abcam) for an additional 1 h. Finally, the relative
expression level was examined using an electrochemilu-
minescence (ECL) kit. The primary antibodies included
anti-Bcl-2 antibody (#15071), anti-Bax antibody (#5023),
anti-cleaved-caspase-3 antibody (#9661), annti-caspase-3
antibody (#9662), and actin (1:3000, #3700), which were
obtained from Cell Signaling.

Statistical analysis

All results were obtained in triplicate from independent
experiments and were examined by the SPSS software
(SPSS, Chicago) and are expressed as the means =+ stan-
dard deviation (SD). The calculation method was exami-
ned using the Student’s t-test. p < 0.05 indicated statistical
significance.

Results

The relative level of circRNA PARG is upregulated in
sepsis

The relative level of circRNA PARG in septic patients
(n = 80) was found to be upregulated. circRNA PARG
showed an increase in expression level when compared
with normal groups (n = 80; Figure 1A). The receiver ope-
rating characteristic curve (ROC curve; Figure 1B) confir-
med similar results. Furthermore, the stability and locali-
zation of circRNA PARG increase during the progression
of sepsis. After incubation with actinomycin D, circRNA
PARG expression presented an unchanged level, and linear
mRNA expression was reduced. It is suggested that circR-
NA PARG presented a stable expression level (Figure 1C).
When incubated with RNase R treatment, circRNA PARG
expression levels showed no changes, while linear mRNA
levels decreased. The results suggest that circRNA PARG
shows a stable characteristic. The localization of circRNA
PARG in the cytoplasm was analyzed (Figure 1E).

Downregulation of circRNA PARG affects biological
functions in LPS-simulated HPMEC cells

As HPMEC cells are a model for studying sepsis, the
function of circRNA PARG in HPMEC cells was further
detached. Small interfering RNA was applied to produce
a circRNA PARG knockdown, and it was used to downre-
gulate circRNA PARG levels in LPS-simulated HPMEC
cells. The CCKS8 assay was used to detect the expression

of PARG. LPS was applied to simulate HPMEC cells for
24, 48, and 72 h after which the optimum circRNA PARG
expression was measured. As shown in Figure 2A, circR-
NA PARG expression reached the highest level at 72 h
and exhibited a significant difference compared with the
control (p< 0.001). Therefore, LPS simulation at 72 h was
performed for subsequent experiments. The colony-for-
ming assay indicated that the number of colonies signifi-
cantly decreased in LPS-simulated HPMEC cells compa-
red with the control group (p<0.01). In contrast, circRNA
PARG silence led to a significant increase in LPS-simu-
lated colonies number (p<0.01; Figure 2B). Furthermore,
the influence of circRNA PARG on HPMECcell apopto-
sis was detected. The apoptosis rate showed a significant
increase in LPS-simulated HPMEC cells (p<0.001), while
circRNA PARG silence caused a decrease in LPS-simula-
ted apoptosis (p<0.01; Figure 2C).

Downregulated circRNA PARG alleviates LPS-simula-
ted inflammatory and apoptosis responses

The waterfall-like inflammation cascade presents a cri-
tical factor in the pathogenic of ARDS. An ELISA assay
was used to measure levels of cellular inflammation in
cells. As shown in Figure 3A, the mRNA levels of IL-6,
-8, and -1p and TNF-a exhibited a remarkable upregula-
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Figure 1. circRNApoly (ADP-ribose) glycohydrolase (PARG) was
upregulated in the serum of sepsis patients. A. The expression level of
circRNA PARG in the serum of septic patients (n = 80) and healthy
people (n = 80) was measured by real-time reverse transcriptase poly-
merase chain reaction (QRT-PCR). B. C. The mRNA expression of
circRNA PARG on human pulmonary microvascular endothelial cells
(HPMEGC:s) treated with actinomycin D. D. The mRNA expression of
circRNA PARG on HPMEC cells treated with RNase R. E. The loca-
lization of circRNA PARG (left) and 4’-6-diamidino-2-phenylindole
(DAPI) in the middle is presented, and the merged picture was pro-
vided (right). All results were exhibited as mean + standard deviation
(SD) for n = 3 in the triplicate experiments. “p<0.05 and “'p<0.01, n
=3.
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Figure 2. The downregulation of circRNA PARG promoted prolife-
ration and inhibited apoptosis in lipopolysaccharide (LPS)-simulated
HPMEC cells. A. Cell viability detected by CCKS assay. The results
showed that the downregulation of circRNA PARG led to an increase
in cell viability. B. The colony formation was examined. The results
indicated that the downregulation of circRNA PARG suppressed cell
proliferation. The number of colonies was measured. C. The apopto-
sis rate was measured by flow cytometry. The results suggested that
the downregulation of circRNA PARG inhibited the apoptosis rate.
“p<0.01 and "*p<0.001, n = 3.

tion in LPS-simulated HPMEC cells, whereas circRNA
PARG silence caused a decrease in the LPS-simulated
HPMEC expression when compared with the negative one
(p<0.001, p<0.05).

Apoptosis-related genes were further investigated. As
seen in Figure 3B, the relative level of Bax and cleaved
caspase-3 exhibited remarkable upregulation in LPS-si-
mulated cells (p<0.001); however, the protein expression
of Bcl-2 decreased (p<0.001), while, the relative level of
Bax and cleaved caspase-3 was downregulated after cir-
cRNA PARG was silenced in LPS-simulated cells when
compared with the negative control (p<0.001). The rela-
tive level of Bcl-2 showed a significant increase (p<0.01).

Upregulated circRNA PARG reverses the miR-140-3p
influence

To further investigate whether circRNA PARG exerts
a biological effect through miR-140-3p, the relationship
between circRNA PARG and miR-140-3p was examined
using a dual-LUC activity system. Our data indicate that
circRNA PARG could be a possible target of miR-140-3p
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Figure 3. Downregulation of circRNA PARG-regulated LPS-simula-
ted HPMEC cells on the inflammatory cytokine release and apopto-
sis-related proteins. A. The relative expression levels of interleukins
6, 8, and 1P (IL-6, -8, and -1, respectively) and tumor necrosis alpha
(TNF-0) were detected by qRT-PCR assay. B. Representative images
were measured by western blot assay, and the quantification of Bcl-
2, Bax, cleaved-caspase 3, and caspase 3 was presented. “p<0.05,

Hok

"p<0.01, and ""p<0.001, respectively, n = 3.

and affect its expression (p<0.01; Figure 4A). Upregulated
circRNA PARG led to an increase in the effects on pro-
liferation and colony formation induced by miR-140-3p
(Figure 4B and C). In contrast, circRNA PARG and miR-
140-3p upregulation caused a reversal in apoptosis sup-
pression by the miR-140-3p mimic (p<0.01; Figure 4D).
Additionally, it was further confirmed that these RNAs all
co-localized in the cytoplasm (Figure 4E). These results
suggest that circRNA PARG and miR-140-3p had a role in
LPS-simulated HPMEC cells.

Upregulated circRNA PARG and miR-140-3p function
on LPS-simulated inflammatory and apoptosis res-
ponses

Apoptosis-related genes and inflammatory factors were
also measured. As shown in Figure 5A, the relative level
of IL-6, -8, -1p and TNF-a presented a significant downre-
gulation in LPS-simulated HPMEC cells after transfection
with miR-140-3p mimic when compared with the negative
groups (p<0.01). In contrast, upregulated circRNA PARG
led to a significant increase in the expression of these fac-
tors (p<0.01). Additionally, the levels of Bax and cleaved
caspase-3 decreased in LPS-simulated cells transfected
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Figure 4. miR-140-3p reversed the effect of circRNA PARG upregu-
lation on cell proliferation and apoptosis. A. The relative luciferase
activity was measured, and the results showed that circRNA PARG
was a direct target of miR-140-3p. Cell viability (B), colony forma-
tion (C) and the apoptosis rate (D) were measured after transfection
with the miR-140-3p mimic and pcDNA-circRNA PARG. E. The lo-
calization of circRNA PARG, miR-140-3p, and DAPI was examined,
and the merged picture is presented.

with miR-140-3p mimic group (p<0.01), and the level of
Bcl-2 increased (p<0.01). Interestingly, upregulated circR-
NA PARG caused a reversal in protein expression levels of
apoptosis-related genes induced by the miR-140-3p mimic
(Figure 5B).

Discussion

Sepsis is a serious infection-related issue in different
types of organ dysfunction and is considered one of the
causes of high morbidity and mortality rates in the ICU.
So far, no effective treatment for sepsis has been found
(22). The investigation of molecular mechanisms in sepsis
progression could ameliorate diagnostic and therapeutic
treatments, resulting in a reduced risk for sepsis patients.
Noncoding RNAs have been demonstrated to be asso-
ciated with the regulation of sepsis pathophysiology and
could all be considered novel markers for sepsis patients
(23-26).

Due to their properties, circRNAs present stable and
less degradable characteristics and have been demonstra-
ted with different diseases, including sepsis (27-29). For
all these reasons, circRNAs may exert a critical function
in sepsis and have been considered as novel biomarkers
for sepsis treatment (30,31). However, the direct function
that circRNAs might play in sepsis progression remains
unknown because elucidation of the function of circRNAs
has only become relevant in recent years. To date, seve-
ral pieces of evidence have strongly implied that circRNA
might play a key role as a molecular sponge to adjust the

A
200 _ Ao
£ g TS
] —
Xt g
u ,
= 5 a0
% H
: i
F £ 7
G"& ??,":t ,p—““& . 1‘&-
» :‘\9"_"
& T S
&
p:
= o e
i ki e S T
H I ]
e
2 i
P :
"’v“ ¥ \‘5’?& "’f«s}f"‘*
& @-.\"& 3}5‘”‘-&“
F g o
B T
Bel-2 B 26kDa
Bax  Se— ) kD1 s | [
Cleaaved

; E———— 0 D0
Caspases H
Caspase} | g G W SN GRS 55 (D)

> .
[i=actin m 45 kDa o & «"j« &

i e ratio of BauBeActia

Relative rutie of Bek-28-Actin
L)
Felative rasio of Clewn edtntal cospane}
N —

& o 4
oY «"f & o T *@é" e
# LA B O
& ég‘_:\ L & & ,,#‘\ _\,p’&_
S g_ﬁ’_’_‘.i‘ F g N
w ¢_0 ks é\)

Figure 5. The upregulation of circRNA PARG modulated LPS-simu-
lated HPMEC cells on the inflammatory cytokine release and apopto-
sis-related proteins. A. The relative expression levels of IL-6, -8, and
-1B and TNF-a were measured by qRT-PCR assay. B. The relative
protein levels of Bcl-2, Bax, cleaved-caspase 3, and caspase 3 are
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presented. “'p < 0.05, “p < 0.01, and *"p < 0.001, respectively, n = 3.

function of target miRNAs. For example, CircVMAZ21 at-
tenuates sepsis by causing a reduction in inflammation and
apoptosis in rats and HK2 cells via modulation of miRN-
9-39 (32). CircPRKCI alleviates LPS-simulated HK2 cell
injury by acting as a sponge for the miR-545 targetZEB2
gene (33). In this study, it was demonstrated for the first
time that serum circRNA PARG levels were higher in
septic patients when compared with healthy volunteers.
Downregulated circRNA PARG prevented pulmonary mi-
crovascular endothelial cells from undergoing apoptosis.

Interestingly, circRNAs harbor the miRNA binding
site, adjust miRNA levels, and regulate mRNA expression
levels (10). miRNAs act as critical elements of cell main-
tenance (34,35). In this study, it was found that circRNA
PARG directly targeted miR-140-3p, and both of them
were localized in the cytoplasm. Upregulation of miR-
140-3p in LPS-simulated HPMEC cells promoted prolife-
ration and suppressed apoptosis, whereas upregulated cir-
cRNA PARG could reverse these effects. CircRNA PARG
acts as a critical mediator of HPMEC cell progression and
exhibits the activity of possible tumor inducer because it
decreases proliferation and increases apoptosis via targe-
ting miR-140-3p.

It was known that the critical progression in sepsis is the
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cytokine storm, which influences and mediates the initial
anti-inflammatory period by affecting inflammatory cyto-
kine levels (36). These elements can strongly influence
the development of sepsis (37-39). In this study, circRNA
PARG led to a significant upregulation of the expression
of TNF-a and IL-6, -8, and IL-1p. More importantly, cir-
cRNA PARG also modulated apoptosis-related genes, in-
cluding Bcl-2, Bax, and cleaved-caspase3. Taken together,
these findings suggest that the possible underlying activity
for circRNA PARG is closely related to sepsis progres-
sion. This finding could provide a novel perspective on
circRNAs as promising therapeutic targets for sepsis.

However, the interaction between circRNA PARG and
miR-140 might be a part of the mechanism of circRNA
PARG in sepsis. The target of miR-140 needs to be re-
solved in future experiments. Whether the circRNAPARG/
miR-140 axis forms a central pathway in the regulation in
inflammatory factors and apoptosis-related genes is still
unclear.

The research indicates for the first time that circRNA
PARG expression is highly upregulated in septic patients.
Upregulated circRNA PARG led to the enhancement of
proliferation and suppression of apoptosis. Functionally
and mechanistically, circRNA PARG modulated cell pro-
gression by adjusting miR-140-3p levels and downregu-
lation of inflammatory and apoptosis-related protein ex-
pression. It reveals the pro-inflammatory characteristics of
circRNA PARG during sepsis progression.
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