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Circ_0001498 contributes to lipopolysaccharide-induced lung cell
apoptosis and inflammation in sepsis-related acute lung injury
via upregulating SOX6 by interacting with miR-574-5p

Wei Hu!, Qin Wang?, Zhichun Luo!, Yagiong Shi', Liangping Zhang!, Zhijun Zhang!, Jianlin

Liu' and Kelan Liu!

! Intensive care unit, Liyang People’s Hospital, Liyang, China

2 Department of Respiratory and Critical Care Medicine, Jinling Hospital, Nanjing, China

Abstract. Circular RNAs (circRNAs) have important regulation in in sepsis-related acute lung
injury (ALI). Circ_0001498 was significantly overexpressed in sepsis-induced acute respiratory
distress syndrome. The aims of this study were to explore role and mechanism of circ_0001498
in lipopolysaccharide (LPS)-treated WI-38 cells. Human samples were collected from 56 sepsis
patients and 46 healthy volunteers at Liyang People’s Hospital. Circ_0001498, microRNA-574-5p
(miR-574-5p) or sex-determining region Y-related high-mobility-group box 6 (SOX6) levels were
detected via reverse transcription-quantitative polymerase chain reaction assay. Cell viability was
determined through Cell Counting Kit-8 assay. Apoptosis rate was examined by flow cytometry.
Western blot was used for measurement of proteins. Inflammatory cytokines were detected via
enzyme-linked immunosorbent assay. Target relation was analyzed via dual-luciferase reporter
assay and RNA immunoprecipitation (RIP) assay. Circ_0001498 was overexpressed in sepsis-
related ALI patients and LPS-treated WI-38 cells. Silencing circ_0001498 reduced LPS-induced
cell apoptosis and inflammation. Circ_0001498 interacted with miR-574-5p. The regulation of
circ_0001498 knockdown was abolished by miR-574-5p inhibitor. Furthermore, miR-574-5p
directly targeted SOX6 and circ_0001498 upregulated SOX6 via targeting miR-574-5p. Overex-
pression of miR-574-5p alleviated LPS-induced cell injury by downregulating SOX6. This research
identified that circ_0001498 facilitated sepsis-related ALI progression by targeting miR-574-5p
to upregulate SOXG6.
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Introduction

Acute lung injury (ALI) is a heterogeneous pulmonary dis-
order of respiratory system and it can be induced by sepsis,
which results in serve effect on human health with high
morbidity and mortality (Xu H et al. 2021). Sepsis-induced
ALI exhibits lung cell apoptosis and systemic inflamma-
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tory response (Sadowitz et al. 2011). Lipopolysaccharide
(LPS) is commonly used to induce lung inflammation to
mimic sepsis-related ALI (Lennon and Singleton 2011). RNA
molecules have been found to act as important regulators
in sepsis-induced organ dysfunctions (Brandenburger et
al. 2018; Wang W et al. 2021). It is necessary to explore the
function and molecular mechanism of noncoding RNAs
(ncRNAs) in sepsis-induced ALL

Circular RNAs (circRNAs) are stable and conserved RNAs
produced from non-classical back-splicing (Qu et al. 2015).
CircRNAs are reported to play essential roles in various
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kinds of human diseases, including sepsis and associated
complications (Beltran-Garcia et al. 2020; Ghafouri-Fard
et al. 2021). A recent expression file of circRNAs showed
that circ_0001498 was significantly overexpressed in sepsis-
induced acute respiratory distress syndrome (Guo et al.
2021). The function of circ_0001498 in sepsis-induced ALI
is not clear.

CircRNAs are known to serve as microRNA (miRNA)
sponges, consequently leading to expression changes of
downstream genes (Panda 2018). Sun et al. (2020) stated
that miR-574-5p level was reduced in sepsis patients and
miR-574-5p relieved LPS-induced lung cell apoptosis.
Zhang et al. (2021) disclosed that abnormal expression of
sex-determining region Y-related high-mobility-group box
6 (SOX6) was detected in septic lung tissues and miR-499-5p
attenuated lung injury through downregulating SOX6. Target
correlation of miR-574-5p and SOX6 remains unclear and
association of circ_0001498 with miR-574-5p/SOX6 is still
to be investigated.

Circ_0001498 was assumed as a miRNA sponge for miR-
574-5p and SOX6 was assumed as a target for miR-574-5p.
Moreover, circ_0001498 was hypothesized to interact with
miR-574-5p to regulate SOX6 expression. The objective
of this research was to uncover functional mechanism of
circ_0001498 in sepsis-related ALI. Interaction between
circ_0001498 or SOX6 and miR-574-5p was affirmed in
this study.

Materials and Methods

Serum samples

56 sepsis patients were diagnosed as ALI at Liyang People’s
Hospital, and 2 ml bloods were centrifugated with a speed
of 1200 rpm for 10 min. In addition, blood samples were
collected from 46 healthy volunteers at Liyang People’s
Hospital. The supernatant serums of healthy group (n = 46)

Table 1. Baseline characteristics of the subjects from collected
samples

Health Sepsis
Parameters (n=4 6); (n 5 56)
Age (years) 57.61 + 8.62 58.12 £9.22
Male/Female 25/21 30/26
BMI (kg/m?) 2322 +0.54 22.34 +0.82
APACHE II score - 20.61 £4.91
LIPS - 8.57 £ 1.32

Data are presented as mean + SD. BMI, body mass index; APACHE,
acute physiology and chronic health evaluation; LIPS, lung injury
prediction score.

and sepsis group (n = 56) were preserved at —80°C. Baseline
characteristics of the subjects were shown in Table 1. All
procedures were authorized by Ethics Committee of Liyang
People’s Hospital.

Sepsis-induced ALI cell model

Human embryonic lung fibroblasts (WI-38; BioVector
NTCC Inc., Beijing, China) were cultured with Dulbecco’s
modified eagle medium with supplement of 10% fetal bo-
vine serum and 1% antibiotic solution in a 5% CO, + 37°C
incubator. These reagents for cell culture were bought from
Gibco (Carlsbad, CA, USA). To establish sepsis-induced
ALI cell model, 10 ng/ml LPS (Sigma, St. Louis, MO, USA)
treatment for 48 h was used to stimulate inflammatory re-
sponse in WT-38 cells. In addition, WT-38 cells in control
group were treated with 10 ng/ml phosphate buffer solution
(PBS; Gibco).

Cell transfection

Small interfering RNA for circ_0001498 (si-circ_0001498#1,
si-circ_0001498#2) and negative control (si-NC), mimic
targeting miR-574-5p (miR-574-5p) and matched NC
(miR-NC), inhibitor targeting miR-574-5p (anti-miR-574-5p)
and corresponding NC (anti-miR-NC), pcDNA-SOX6
(SOX6) and pcDNA expression vector (vector) were
synthesized and purchased from RIBOBIO (Guangzhou,
China) and GENESEED (Guangzhou, China). These RANs
or vectors were diluted with Opti-MEM® Reduced Serum
Medium (Gibco) and mixed with Lipofectamine™ 3000
reagent (Invitrogen, Carlsbad, CA, USA), then transfected
to WT-38 cells and incubated at 37°C.

Table 2. Primer sequences for RT-qPCR

Name Primer sequences (5’-3’)
circ_0001498 F: TCCTTCCTTGGAATCTTGTGAAG
R TTTCCCCTGTCTGGGCATTC
WDR41 F CAGGGACTGGCCGAGAAATC
R: TTTCCCCTGTCTGGGCATTC
miR-574-5p F GCGGCTGAGTGTGTGTGTGT
R:  CTCAACTGGTGTCGTGGAGT
SOX6 F TGGGACAGCGTTCTGTCATC
R CACATCGGCAAGACTCCCTT
GAPDH F GACAGTCAGCCGCATCTTCT
R GCGCCCAATACGACCAAATC
U6 F CTCGCTTCGGCAGCACA

R:  AACGCTTCACGAATTTGCGT

E forward; R, reverse.




Circ_0001498 promotes sepsis-induced lung injury

39

Reverse transcription-quantitative polymerase chain
reaction (RT-qPCR) assay

After RNA extraction from serums and cells by TRI
Reagent® (Sigma), the complementary DNA (cDNA) was
obtained by ReadyScript® cDNA Synthesis Mix (Sigma)
to reversely transcribe total RNA. Then, SYBR® Green
Quantitative RT-qPCR Kit (Sigma) was used for prepa-
ration of quantitative reaction. The specific primers in
Table 2 were synthesized by Sangon (Shanghai, China).
Data were analyzed to calculate relative expression via
the 2722Ct method (Livak and Schmittgen 2001). Level
standardization was carried out by U6 or glyceraldehyde-
phosphate dehydrogenase (GAPDH). After total RNA
was digested with 5 U/ug RNase R (GENESEED) and
WT-38 cells were incubated with 2 mg/ml actinomycin
D (Sigma), RT-qPCR was exploited for circ_0001498 or
WDR41 stability analysis.

Cell Counting Kit-8 (CCK-8) assay

Cell viability was detected by CCK-8 for quantification of
viable cells (Sigma), as per manufacturer’s directions. In brief,
WT-38 cells in 96-well plates were pipetted with 10 pl/well
CCK-8 solution. After incubation for 2 h, the absorbance of
each well was tested at 450 nm under a microplate reader.
Cell viability was expressed the percentage of viable cells in
total cells.

Flow cytometry

Apoptotic cells were examined using Annexin V-FITC
Apoptosis Detection Kit (Sigma). 1x10% WT-38 cells were
washed in PBS twice and resuspended with 1xBinding
Buffer, then cell suspension was added with 5 pl Annexin
V-fluorescein isothiocyanate (Annexin V-FITC) and 10 ul
propidium iodide (PI). Tubes were protected from light and
incubated for 10 min, then cell fluorescence was immedi-
ately determined by the flow cytometer (BD Biosciences,
San Diego, CA, USA). Annexin V-FITC alone stained cells
were counted as early apoptotic cells, while cells with An-
nexin V-FITC and PI double-staining were counted as late
apoptotic cells. Apoptosis rate = (early apoptotic cells + late
apoptotic cells)/total cells x 100%.

Western blot

BCA Protein Assay Kit (Sigma) was employed for detec-
tion of concentration after total proteins were extracted
using Radioimmunoprecipitation assay buffer (Sigma).
As previously reported (Zhong et al. 2021; Zhou et al.
2021), Western blot was performed with 50 pg proteins
of each sample. The used primary antibodies were com-

mercially provided by Abcam (Cambridge, MA, USA):
B-cell lymphoma-2 (Bcl-2; ab59348, 1:1000), cleaved
caspase 3 (ab32042, 1:1000), cleaved poly-ADP-ribose
polymerase (cleaved PARP; ab32064, 1:1000), SOX6
(ab64946, 1:1000), GAPDH (ab128915, 1:2000). After
IgG H&L (HRP) secondary antibody (Abcam, ab205718,
1:5000) was incubated for 60 min, protein blot visualiza-
tion was conducted through Electrochemiluminescence
(ECL) Ultra Western HRP Substrate (Sigma) and protein
expression quantification via Image] software (NIH,
Bethesda, MD, USA).

Enzyme-linked immunosorbent assay (ELISA)

Cell supernatants were collected after transfection for 48 h.
Tumor necrosis factor-alpha (TNF-a), interleukin-1beta
(IL-1P) and interleukin-6 (IL-6) were measured through Hu-
man TNF-o/IL-1B/IL-6 ELISA Kit. The operating steps were
following instruction books of Sangon. The optical density
values were read at 450 nm and concentrations (pg/ml) were
calculated according to standard curves.

Dual-luciferase reporter assay

Circ_0001498 and 3’UTR of SOX6 sequences (containing
miR-574-5p binding sites) were cloned into pmirGLO
(Promega, Madison, WI, USA) to construct wild-type
(WT) vectors circ_0001498-WT and SOX6 3’UTR-WT.
Then, mutant-type (MUT) vectors circ_0001498-MUT and
SOX6 3’'UTR-MUT (with mutated miR-574-5p binding
sites) were constructed as negative controls. WT-38 cells
were performed with co-transfection of luciferase plasmid
and mimic (miR-574-5p or miR-NC), then cell incubation
was at 37°C for 48 h and activity analysis of luciferase was
implemented through Dual-Luciferase Reporter System
Promega).

RNA immunoprecipitation (RIP) assay

Circ_0001498 and miR-574-5p binding was analyzed via
Magna RIP RNA-Binding Protein Immunoprecipitation Kit
(Millipore, Billerica, MA, USA). Briefly, Protein A magnetic
beads coated with antibody against immunoglobulin G (IgG)
or Argonaute-2 (AGO2) were incubated to WT-38 cells at
4°C overnight. Subsequently, total RNA was isolated and
RT-qPCR was performed for quantification of circ_0001498
or miR-574-5p.

Statistical analysis

Data were displayed as mean + standard deviation, then
data analysis was administrated using SPSS 22.0 (SPSS
Inc., Chicago, IL, USA). Additionally, Pearson’s correlation
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Figure 1. Circ_0001498 expression was upregulated in sepsis-induced ALI patients and LPS-treated WI-38 cells. A. Circular structure
of circ_0001498. B. CircRNA identification of circ_0001498 by gel electrophoresis. WDR41 and circ_0001498 levels were examined
by RT-qPCR after RNase R digestion (C) or actinomycin D treatment (D). E. Circ_0001498 expression detection was performed by
RT-qPCR in serums of healthy controls and sepsis patients. F. RT-qPCR was used to determine circ_0001498 level in control group and

LPS treatment groups (1, 5 and 10 ng/ml). ** p < 0.01, *** p < 0.001.

coefficient was conducted to analyze the linear relations.
Student’s ¢-test or analysis of variance (ANOVA) followed
by Tukey’s test was used to evaluate whether difference was
significant (p < 0.05).

Results

Circ_0001498 expression was upregulated in sepsis-induced
ALI patients and LPS-treated WI-38 cells

Circ_0001498 is produced by back-splicing of exon 3 to
4 of WD-repeat protein 41 (WDR41) in chr5: 76758919-
76760634 (Fig. 1A). Quantification in cells was conducted
using RT-qPCR. Gel electrophoresis by divergent prim-
ers suggested that circ_0001498 existed in cDNA but not
genomic DNA (gDNA), while linear GAPDH was detected
in cDNA and gDNA (Fig. 1B). Circ_0001498 exhibited high
stability to protect against RNase R digestion, but WDR41
was degraded by RNase R in WI-38 cells (Fig. 1C). In addi-
tion, circ_0001498 was more stable than WDR41 after cell
incubation with Actinomycin D (Fig. 1D). The results of
RT-qPCR showed that circ_0001498 was highly expressed in
sepsis patients relative to healthy controls (Fig. 1E), as well
as in LPS-treated WI-38 cells compared with control cells
(Fig. 1F). LPS treatment with 10 ng/ml for 24 h was used for
further experiments.

Circ_0001498 downregulation protected WI-38 cells against
LPS-induced apoptosis and inflammation

The siRNA was used to knock down the expression of
circ_0001498, and RT-qPCR data demonstrated that the
inhibiting effect of si-circ_0001498#1 or si-circ_0001498#2
was eminent (Fig. 2A). The subsequent assays were per-
formed using si-circ_0001498#1 with more significant
difference. Also, level upregulation of circ_0001498 by
LPS has been attenuated by si-circ_0001498#1 (Fig. 2B).
LPS treatment suppressed cell viability (Fig. 2C) and ac-
celerated cell apoptosis (Fig. 2D), whereas these influences
were relieved after transfection of si-circ_0001498#1. Then,
protein markers associated with cell apoptosis were ex-
amined using Western blot. Knockdown of circ_0001498
obviously counteracted the LPS-induced downregulation
of Bcl-2 protein expression and upregulation of cleaved
caspase 3 or cleaved PARP protein level (Fig. 2E). ELISA
showed that LPS reduced concentrations of TNF-a, IL-p
and IL-6, while si-circ_0001498#1 reversed these changes
(Fig. 2F). LPS-induced WI-38 cell injury was ameliorated
after circ_0001498 downregulation.

Circ_0001498 targeted miR-574-5p

Circinteractome (https://circinteractome.nia.nih.gov/)
predicted that there was one binding region between
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circ_0001498 and miR-574-5p sequences (Fig. 3A). Trans-
fection of miR-574-5p significantly induced overexpression
of miR-574-5p in WI-38 cells (Fig. 3B). Luciferase activity
was inhibited by co-transfection with circ_0001498-WT
and miR-574-5p, but no difference was noticed after co-
transfection of circ_0001498-MUT and miR-574-5p (Fig.
3C). Circ_0001498 and miR-574-5p levels were increased
in AGO2 group relative to IgG group, which suggested that
circ_0001498 interacted with miR-574-5p in AGO2 protein
(Fig. 3D). The miR-574-5p expression was reduced in serums

of sepsis patients contrasted to healthy controls (Fig. 3E).
Pearson’s correlation coefficient analysis manifested that
circ_0001498 was negatively related to miR-574-5p (r =
-0.491, p =0.001) in serum samples of sepsis group (Fig. 3F).
Also, miR-574-5p downregulation was detected in LPS treat-
ment groups compared with control group of WI-38 cells
(Fig. 3G). Interestingly, miR-574-5p was upregulated after
transfection with si-circ_0001498#1 or si-circ_0001498#2
(Fig. 3H). Altogether, circ_0001498 directly interacted with
miR-574-5p.
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Figure 3. Circ_0001498 targeted miR-574-5p. A. Circinteractome was used for site analysis between circ_0001498 and miR-574-5p
sequences. B. RT-qPCR was applied for miR-574-5p quantification after WI-38 cells were transfected with miR-NC and miR-574-5p.
Dual-luciferase reporter assay (C) and RIP assay (D) were performed to validate binding between circ_0001498 and miR-574-5p. E. The
miR-574-5p expression was measured by RT-qPCR in sepsis and healthy groups. F. Linear relation between circ_0001498 and miR-574-5p
was analyzed by Pearson’s correlation coefficient in serum samples of sepsis patients. G. RT-qPCR was used to assay miR-574-5p level
in LPS-treated WI-38 cells. H. The miR-574-5p level detection was conducted by RT-qPCR after transfection of si-circ_0001498#1 or

si-circ_0001498#2. * p < 0.05, ** p < 0.01, *** p < 0.001.

Inhibition of miR-574-5p abolished the function of
circ_0001498 knockdown in LPS-treated WI-38 cells

RT-qPCR displayed that miR-574-5p was downregulated in
anti-miR-574-5p group relative to anti-miR-NC group (Fig.
4A). In addition, si-circ_0001498#1-mediated expression
elevation of miR-574-5p was offset by anti-miR-574-5p in
WI-38 cells (Fig. 4B). These effects of si-circ_0001498#1
on cell viability (Fig. 4C) and apoptosis (Fig. 4D) in
LPS-treated cells were counterbalanced after transfection of
anti-miR-574-5p. Western blot further affirmed that protein
level changes of Bcl-2, cleaved caspase 3 and cleaved PARP
induced by si-circ_0001498#1 were reversed by miR-574-5p
inhibitor (Fig. 4E). Meanwhile, miR-574-5p downregulation
abated si-circ_0001498#1-induced inhibition of inflamma-
tory reaction (Fig. 4F). The regulatory role of circ_0001498
in LPS-induced cell injury was achieved by sponging miR-
574-5p.

Circ_0001498 acted as a miR-574-5p sponge to regulate
SOX6 expression

Starbase (http://starbase.sysu.edu.cn) analysis indicated
that SOX6 with binding sites for miR-574-5p might be
a downstream target (Fig. 5A). Dual-luciferase reporter assay
revealed that miR-574-5p interacted with SOX6 3’UTR-WT
to reduce luciferase activity but it did not influence luciferase
activity of SOX6 3’UTR-MUT group (Fig. 5B). SOX6 protein
and mRNA levels were evidently increased in serums from
sepsis patients compared with healthy controls (Fig. 5C,D).
There was a negative correlation (r = —0.596, p < 0.001) be-
tween miR-574-5p and SOX6 levels (Fig. 5E) but a positive
relationship (r = 0.636, p < 0.001) between circ_0001498
and SOX6 levels (Fig. 5F). LPS treatment resulted in protein
upregulation of SOX6 in WI-38 cells, relative to control
group (Fig. 5G). Western blot showed that SOX6 protein
expression was inhibited after miR-574-5p overexpression,
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and miR-574-5p inhibitor elevated SOX6 protein level (Fig.
5H). Moreover, anti-miR-574-5p transfection eliminated si-
circ_0001498#1-mediated SOX6 protein downregulation in
LPS-treated cells (Fig. 5I). Thus, circ_0001498 upregulated
SOXG6 by targeting miR-574-5p in LPS-treated WI-38 cells.

MiR-574-5p/SOX6 axis mitigated LPS-induced WI-38 cell
injury

SOXG6 protein level was much higher in SOX6 group com-
pared with vector group (Fig. 6A), and SOX6 transfection

recovered miR-574-5p-induced downregulation of SOX6
protein expression in LPS-treated WI-38 cells (Fig. 6B).
Overexpression of miR-574-5p enhanced cell viability (Fig.
6C) and reduced cell apoptosis (Fig. 6D,E) after LPS treat-
ment in WI-38 cells, then these impacts were countervailed
by introduction of SOX6. TNF-a, IL-p and IL-6 concen-
tration detection demonstrated that SOX6 upregulation
attenuated the inhibitory effect of miR-574-5p on inflam-
matory response in LPS-treated WI-38 cells (Fig. 6F). All
in all, miR-574-5p lightened LPS-induced cell damages by
downregulating SOX6.

A _ B _ C.
o 15 o 220 ke «
s 3 5l T o
b =} 1.0 0 g S 1.5
xa & e =
Eo ES 2 1.0
o Q Qo Q [
£3 z3 £ 05
8 K] 8
[
& & € 0.0
D . . LPS+si-circ_0001498#1 LPS+si-circ_0001498#1 ;\?
LPS+siNC  LPStsi-circ_0001498#1 TAmtTRANG +anfmiR-574.5p g
23 23 EE = 5
® z] z ] @
. . . . 4
= =) ) %] 2
<]
4 By ] %] Qo
E 2] ] 2] =] <
al - W - -] o -
E ﬁ 1‘nl 1‘n‘ 1‘05 10 ﬁ 1‘0’ 1‘n‘ 1‘05 1"n“ 1'n tln 1'03 1‘0‘ 1‘n5 1'n° 11n 15
Annexin FITC-A
E LPS + + + +
si-NC 4+ - - - E LPS+si-NC
L B LPS+si-circ_0001498#1
sl-clrc_0001498#1 -+ + + _ LPS+si-circ_0001498#1+anti-miR-NC
anti-miR-NC . - + o 3 Il LPS+si-circ_0001498#1+anti-miR-574-5p
anti-miR-574-5p . - - + °
BCl-2 | s s s — <
°
cleaved s
caspase 3 W = Sae s g
>
cleaved =]
PARP — e e — %
x
GAPDH s s s s Bcl-2 cleaved cleaved
caspase 3 PARP
F -
3
3 500
— k.. Fekk . . .
£ 400 PR T - Figure 4. Inhibition of miR-574-5p abolished the func-
i 300 xE tion of circ_0001498 knockdown in LPS-treated WI-38
S 200 cells. A. RT-qPCR was conducted for expression analysis
£ 100 of miR-574-5p in anti-miR-NC and anti-miR-574-5p
E transfection groups. Transfection of si-circ_0001498#1,
= 0
f=

TNF-q

IL-1p IL-6

si-circ_0001498#1+anti-miR-574-5p or relative control
group was performed in LPS-treated WI-38 cells. B. RT-

qPCR was performed to examine miR-574-5p expression. C. CCK-8 assay was implemented to analyze cell viability. Flow cytometry
(D) and Western blot (E) were carried out to assess cell apoptosis. F. ELISA was administrated to determine inflammatory cytokines.

*p<0.05* p<0.01, ** p <0.001.
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Figure 5. Circ_0001498 acted as a miR-574-5p sponge to regulate SOX6 expression. A. SOX6 3’UTR and miR-574-5p binding sites in
starbase. B. SOX6 and miR-574-5p interaction was affirmed through dual-luciferase reporter assay. Western blot (C) and RT-qPCR
(D) were used for mRNA dan protein detection of SOX6 in serums of sepsis patients and healthy controls. Pearson’s correlation
coeflicient was used for linear analysis between SOX6 and miR-574-5p (E) or circ_0001498 (F). G. SOX6 protein expression was
measured via Western blot after LPS treatment in WI-38 cells. H. The effects of miR-574-5p and anti-miR-574-5p on SOX6 protein
level were analyzed using Western blot. I. The protein determination of SOX6 was carried out through Western blot in LPS+si-NC,
LPS+si-circ_0001498#1, LPS+si-circ_0001498#1+anti-miR-NC and LPS+si-circ_0001498#1+anti-miR-574-5p groups. * p < 0.05,

© p < 0.01, % p < 0.001.

Discussion

This study unraveled that circ_0001498 upregulated SOX6
through competitively binding to miR-574-5p, thereby in-
volving in LPS-induced lung cell apoptosis and inflammation
in sepsis-related ALL.

A handful of circRNAs are associated with sepsis-induced
organ injury. For instance, circVMAZ21 alleviated sepsis-
induced inflammatory reaction and oxidative stress in kidney
(Shi et al. 2020). High level of circHIPK3 contributed to
homeostasis and repair of intestinal epithelium in sepsis-in-
duced acute injury (Xiao et al. 2021). Also, circ-Fryl overex-
pression accelerated cell autophagy to prevent sepsis-induced
apoptosis and inflammation in ALI (Shen et al. 2021). Zou
et al. (2020) identified that circ_0001679 and circ_0001212
increased apoptotic lung cells after LPS-induced sepsis.
Herein, circ_0001498 level upregulation was detected in
sepsis-related ALI patients. LPS has been used to establish
sepsis-induced ALI cell model (Ren et al. 2021; Wang Y et

al. 2021). Also, our experimental results demonstrated that
cell viability was suppressed but apoptosis and inflammatory
factors were stimulated by LPS in WI-38 cells. This study
found that circ_0001498 was upregulated in sepsis samples
compared to healthy controls. Further analysis exhibited
that circ_0001498 knockdown by siRNA transfection has
weakened LPS-induced cell injury, indicating the promoting
effect of circ_0001498 in sepsis-associated ALI progression.

CircRNA/miRNA interaction axis is closely related to
sepsis-induced complications. Li et al. (2012) declared that
circVMAZ21 suppressed LPS-aroused cell inflammation
and apoptosis in acute kidney injury by absorbing miR-
199-5p. Wei et al. (2012) discovered that circ_0068888
protected renal tubular cells from LPS-induced oxidative
injury and inflammatory response through targeting miR-
21-5p. CircC3P1 reduced production of inflammatory
cytokines in LPS-induced ALI via sponging miR-21 (Jiang
et al. 2020). The current data validated circ_0001498/
miR-574-5p target interaction and the reverted assays



Circ_0001498 promotes sepsis-induced lung injury 45
A B C
SOX6 W e — — -
SOXe w— G S GAPDH wem s s s 3
o —
S GAPDH s s s L =
] © _ wk ]
o 4 X3 1.0 - )
a *% o > (]
©o_ 3 n L 0.5 ;
¥ e ° :
»8? 00 ¢
EI &
2 0
4 Vector SOX6
D . ; LPS+miR-574-5p LPS+miR-574-5p
LPS+miR-NC LPS+miR-574-5p +Vector +SOX6
By By By k=E :\; 25 *k%k
= = = 5 g 20 =
©
2] ] o 15
®] ®] 3 10
< . L
& . e . s
T ™o R i T it 0
Annexin FITC-A
E
LPS + + + +
miR-NC  + B LPS+miR-NC
., - b - E LPS+miR-574-5p
miR-574-5p -+ + + LPS+miR-574-5p+Vector
Vector . - + - E 3 I LPS+miR-574-5p+S0OX6
SOX6 - - - + o
c
Bcl-2 " - - e
o
cleaved s
caspase 3 W SEE e s %
>
cleaved 5
©
GAPDH == == s s Bcl-2 cleaved cleaved
- caspase 3 PARP
F
2
2 500
£ 400 Figure 6. MiR-574-5p/SOX6 axis mitigated LPS-
'-g 300 induced WI-38 cell injury. A. SOX6 protein expres-
S 200 sion was determined via Western blot after vector
£ 100 or SOX6 transfection. LPS-treated WI-38 cells were
E transfected with miR-NC, miR-574-5p, miR-574-
£ 0

TNF-q

IL-1p

IL-6

5p+vector or miR-574-5p+SOX6 (B-F). B. The
protein examination of SOX6 was performed via

Western blot. C. CCK-8 assay was used for viability detection. Cell apoptosis was evaluated by flow cytometry (D) and Western blot (E).
F. Inflammatory reaction was assessed via ELISA. * p < 0.05, ** p < 0.01, *** p < 0.001.

manifested that circ_0001498 regulation in LPS-caused
lung cell injury was partly ascribed to act as a miR-574-
5p sponge.

Many miRNAs can affect ALI progression induced by
sepsis via regulating downstream targets. Overexpression
of miR-129-5p attenuated sepsis-evoked ALI through re-
ducing HMGBI1 level (Yang et al. 2020), and miR-1398-5p
prevented septic lung inflammation by downregulating
SOCS6 (Ma et al. 2021). In this study, miR-574-5p targeted

SOX6 and LPS-mediated cell injury was reversed by miR-
574-5p via inhibiting SOX6 expression. CircRNA/miRNA/
mRNA axis has been reported in acute injury induced by
sepsis. For example, circTLK]1 facilitated cell inflammation
and oxidative stress in LPS-treated HK-2 cells to accelerate
sepsis-related acute kidney injury (Xu P et al. 2021). The
regulation of circ-Fryl in sepsis-induced ALI was achieved
by targeting miR-490-3p/SIRT3 axis (Shen et al. 2021). Our
expression analysis revealed that circ_0001498 upregulated
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Figure 7. Circ_0001498/miR-574-5p/SOX6 axis participated in
LPS-induced WI-38 cell inflammation and apoptosis.

SOX6 level by controlling miR-574-5p expression, sug-
gesting that circ_0001498/miR-574-5p/SOX6 interaction
network was implicated in sepsis-induced ALI progression
in cell model.

Conclusion

In conclusion, circ_0001498 interacted with miR-574-5p
to upregulate SOX6 expression to promote LPS-caused
cell inflammation and apoptosis in WI-38 cells (Fig. 7).
Circ_0001498 functioned as a pathogenic RNA by targeting
miR-574-5p/SOX6 axis in sepsis-associate ALI
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