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Objective: A recent high-throughput sequencing
showed that circular RNA Rho-associated kinase 1 (cir-
cROCKT1) is abnormally highly expressed in sepsis, but
whether it is involved in sepsis development remains
unclear. The objective of this study was to investigate
the biological function of circROCK1 in sepsis-induced
myocardial injury and reveal its potential downstream
molecular mechanism. Methods: Real-time reverse
transcriptase-polymerase chain reaction was applied to
detect circROCK1 and miR-96-5p expressions in the se-
rum of septic patients. Spearman correlation analysis
examined the correlation between circROCK1 and the
clinicopathological characteristics of septic patients.
The Cecal puncture and ligation (CLP) method was used
to establish an in vivo sepsis model. circROCK1 and
miR-96-5p expressions in mice were modified by injec-
tion of lentivirus or oligonucleotide. The left ventricular
systolic pressure, left ventricular end-diastolic pressure,
and the maximum increase/decrease rate of left ven-
tricular pressure were checked. ELISA was applied to
detect inflammatory factors levels as well as myocardial
injury markers levels. Hematoxylin and eosin staining
was performed to observe pathological changes in my-
ocardial tissues, and Western blot examined phospho-
rylated nuclear factor (NF)-kB and oxidative stress-re-
sponsive 1 (OXSR1) expression. Dual luciferase reporter
experiment was conducted to confirm the targeting re-
lationship between circROCK1, OXSR1, and miR-96-5p.
Results: circROCK1 and OXSR1 were highly expressed in
sepsis and miR-96-5p was under-expressed. circROCK1
was positively correlated with serum creatinine, C-
reactive protein, procalcitonin, and sequential organ
failure assessment scores in septic patients. Silenc-
ing circROCK1 could improve the diastolic and systolic
function of CLP mice, as well as myocardial damage,
reduce myocardial tissue edema and necrosis, and in-
hibit inflammatory factor level and phosphorylated NF-
kKB expression. Down-regulating miR-96-5p promoted
myocardial injury in CLP mice. Silencing circROCK1 and
miR-96-5p inhibited and promoted OXSR1 expression,
respectively. Both circROCK1 and OXSR1 had a target-
ing relationship with miR-96-5p. Conclusion: CircROCK1
promotes myocardial injury in septic mice by regulat-
ing the miR-96-5p/OXSR1 axis, and it can be used as a
potential target for treating septic myocardial dysfunc-
tion.
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INTRODUCTION

Sepsis is an acute systemic infection caused by a vari-
ety of bacteria invading the blood circulation. The main
clinical manifestations are rapid onset, fever, tachyp-
nea, shivers, hepatosplenomegaly, etc. (Stanski & Wong,
2020; Rubio ez al, 2019). In severe cases, septic shock
and multiple-organ failure (MOF) may occur (Lelubre
and Vincent 2018). Sepsis has a high morbidity and
mortality rate, especially for those with weakened im-
mune systems, and about 50% of patients with sepsis re-
quire admission to an intensive care unit (Salomao ez al,
2019). Among common complications of sepsis, cardiac
dysfunctions, such as myocardial injury and depression
(Yang ez al, 2023), are characterized by impaired myo-
cardial contractility and ejection fraction, with mortality
up to 70% (Li et al, 2013; Settergren & Henareh, 2014;
Bansal ez al, 2023). Sepsis triggers a systemic inflamma-
tory response that activates the body’s immune system
and releases a variety of inflammatory mediators. These
inflammatory mediators cause damage to cardiomyo-
cytes and induce apoptosis (Zhou ez al, 2022; Zhen et
al., 2022). Therefore, exploring the potential molecular
mechanism of sepsis-induced myocardial injury is es-
sential for promoting the survival rate of patients with
sepsis-induced myocardial injury.

Circular RNA (citcRNA) is formed under special
and selective shearing. Unlike linear RNA, circRNA is
basically derived from the exons or introns of its par-
ent gene (Kristensen ez al, 2018; Memczak e al, 2013).
Based on a recent genome-wide analysis of non-coding
RNA, in comparison with healthy individuals, more
than 80% of septic patients showed differential expres-
sion. These molecules act in innate cell immunity, mito-
chondrial function, and apoptosis (Nie ¢f al, 2020). As a
non-coding RNA, circRNA recently has been considered
to have a vital relationship with sepsis occurrence and
development. CircRNA is involved in regulating multi-
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ple-organ injury in septic patients, like lung (Zou ef al,
2020), kidney (Shi ef al, 2020), and liver injury (Xiong
et al., 2021). Circular RNA Rho-associated kinase 1 (cir-
cROCK1) is an essential member of the cirtcRNA fam-
ily and has been shown to be differentially expressed in
sepsis (Bao e al,, 2019). However, it is not clear whether
it has an impact on septic myocardial injury.

This work investigated serum circROCKI1 expression
level and its clinical effect on septic patients. The effect
of circROCKI1 on myocardial function and myocardial
inflammation in sepsis was investigated 7z vivo by estab-
lishing a mouse model by cecal puncture and ligation
(CLP). The results revealed that circRNA promoted my-
ocardial injury in sepsis by sponging miR-96-5p to medi-
ate oxidative stress-responsive 1(OXSR1) expression.

METHODS

Clinical samples

Healthy people (n=37) were randomly selected from
the health examination center of The First Affiliated
Hospital of Guangzhou Medical University. From Sep-
tember 2018 to January 2020, blood samples were ob-
tained from patients with sepsis (n=44) and septic shock
(n=19) at The First Affiliated Hospital of Guangzhou
Medical University. The diagnosis of sepsis or septic
shock is based on the International Guidelines for the
Management of Sepsis and Septic Shock: 2016. This re-
search was approved by The First Affiliated Hospital of
Guangzhou Medical University Institutional Ethics Com-
mittee. All subjects and their families had signed the in-
formed consent form.

Diagnostic criteria

Sepsis is diagnosed in reference to International Guide-
lines for the Management of Sepsis and Septic Shock: 2016, with
a Sequential Organ TFailure Assessment (SOFA) score
of more than 2. Patients diagnosed with sepsis who re-
quired adequate volumetric resuscitation and sustained
hypotension with pressors to maintain arterial pressure
of 65 mmHg or higher and serum lactate levels greater
than 2 mmol/L (18 mg/dL) were identified as having
septic shock.

Exclusion criteria

Exclusion criteria: (1) Under 18 years old; (2) MOF
caused by other non-infectious factors; (3) Autoimmune
diseases treated with steroids or immunosuppressive
therapy; (4) Complications with other diseases that affect
blood coagulation; (5) Malignant tumors; (6) Complica-
tions with other diseases that may affect this study re-
sults; (7) Immunosuppressive drug treatment within the
last three months.

Clinical data collection

Clinical information was recorded, including age, gen-
der, body mass index (BMI), and SOFA score. Addition-
ally, Quzhou People’s Hospital clinical laboratory pro-
vided routine blood test results (serum creatinine [Sct],
white blood cells, albumin, C-reactive protein [CRP], and
procalcitonin [PCTY).

Septic animal model establishment

C57BL/6 mice (25£5 g) were kept in cages in a tem-
petature-controlled room with a 12-hour light/datk cycle

and a free diet and water. Twenty-four mice were allo-
cated into the sham group (n=12) and the CLP group
(n=12) to evaluate the survival rate within 48 hours after
surgery. The survival rate of mice after CLP was meas-
ured every 2 h for 48 h.

In the following experiment, another 72 mice were
used, 12 of which underwent sham surgery and the
rest received CLP. These mice were allocated into 5
groups (n=12 for each): Sham group (CLP without li-
gation and puncture on the cecum), CLP group (CLP
surgery), sh-circROCK1 group (injection with 5x107
sh-citcROCKT1 lentiviral vector particles via tail vein
one week before CLP), sh-NC group (injection with
5X107 sh-NC lentiviral vector particles via tail vein
one week before CLP), miR-96-5p antagomir group
(injection with 10 pg miR-96-5p antagomir via tail
vein one week before CLP), and NC antagomir group
(injection with 10 pg NC antagomir via tail vein one
week before CLP). sh-citcROCK1/NC lentiviral vec-
tors and miR-96-5p/NC antagomir were provided
by GenePharma (China). The cardiac function of
mice was monitored 12 h after CLP, myocardial tis-
sue and serum samples were collected from 6 mice in
each group, and myocardial tissues from the remain-
ing 6 mice were stained with hematoxylin and eosin
(HE). miR-96-5p antagomir sequence: 5-TAACACT-
GTCTGGTAACGATGT-3.

CLP procedures: Midline laparotomy was performed,
and a 3 cm dissection was performed to expose the ce-
cum. At the site designated for high severity, the cecum
was ligated with a 4-0 silk thread and pierced at two
sites 1 cm apart with a 20-gauge needle. The cecum was
then gently pressed to squeeze a small drop of feces.
After laparotomy, all mice were resuscitated by subcuta-
neous injection of normal saline (37°C, 50 ml/kg). The
sham operation was performed with the same procedure
but without ligation and puncture of the cecum.

Heart function detection

All mice were anesthetized by intraperitoneal adminis-
tration of pentobarbital sodium 12 hours after CLP. The
right carotid artery was exposed, from where a catheter
was inserted into the left ventricle. A multi-channel data
acquisition and processing system (RM6240BD, Chengdu
Instrumeny) was utilized to monitor left ventricular sys-
tolic pressure (LVSP) and maximum rate of increase/de-
crease in left ventricular pressure (£ dp/dt,,).

Enzyme-linked immunosorbent assay (ELISA)

The myocardial homogenate was centrifuged, and
the supernatant was collected. Tumor necrosis factor
(INF)-a, interleukin (IL)-6, and IL-1§3 levels were meas-
ured using ELISA kits. Creatine kinase-MB (CK-MB,
E006-1-1) and cardiac troponin I (¢Tnl, H149-2) content
in serum were measured. All kits were purchased from
Nanjing Jiancheng Bioengineering Institute.

HE staining

The myocardial tissue of mice was fixed with 4%
paraformaldehyde, embedded in paraffin, and cut into 4
pum slices. The slices were deparaffinized with xylene, in-
filtrated with gradient alcohol, and stained with HE. At
last, the tissue structure was observed microscopically.
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Table 1. RT-gPCR primer sequences

Genes Primer sequence (5'-3’)

Forward: 5'-ATGGGGAAGGTGAAGGTCG-3'
GAPDH

Reverse: 5-TTACTCCTTGGAGGCCATGTG-3’

Forward: 5'-CTCGCTTCGGCAGCACATATACT-3’
u

Reverse: 5'-ACGCTTCACGAATTTGCGTGTC-3’

Forward: 5’- TCCCAATGCTGCCCCAAAGCC -3’
CircROCK1

Reverse: 5'- GGTTCCTGCTCCCCATCACTCCA -3’

Forward: 5'- ATGCTTTCTCAACTTGTTGG -3’
miR-96-5p -

Reverse: 5'- TCACCGCTCTTGGCCGTCACA -3’

Forward: 5'- AAAGACGTTTGTTGGCACCC -3’
OXSR1

Reverse: 5'- GCCCCTGTGGCTAGTTCAAT -3’

Real-time reverse transcriptase-polymerase chain
reaction (RT-qPCR)

Total RNA in mouse myocardial tissue and human
serum samples was isolated using TRIZOL RNA extrac-
tion reagent (Invitrogen, USA). PrimerScript real-time kit
(TAKARA, Japan) was applied for reverse transcription.
Finally, RT-qPCR was detected by SYBR Premix Ex Taq
TM 1II reagent and ABI PRISM 7000 (Applied Biosys-
tems, USA). Using U6 and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) as internal references for miR-
NA and mRNA, respectively, relative gene expression
was calculated by 244¢t. The primer sequence was shown
in Table 1.

Western blot

Total protein in the myocardial homogenate was
extracted using a protein extraction kit (Beyotime,
China), and later a bicinchoninic acid kit (Nanjing
Jiancheng Bioengineering Institute) was utilized to
determine the protein concentration. Next, the pro-
tein was loaded for electrophoresis, and protein gel
was transferred to a polyvinylidene fluoride mem-
brane (Millipore, USA), which was sealed with 0.1%
Tween-20 in Tris-buffered saline (5% skim milk) at
room temperature for 1 hour, and later combined
with the primary antibody p-NF-«B p65 (ab86299,
Abcam), NF-xB p65 (#8242, Cell Signaling), OXSR1
(H00009943-M09, Abnova), and GAPDH (ab181602,
Abcam) overnight at 4°C. Next, the membrane was
incubated with horseradish peroxidase-conjugated goat
anti-rabbit immunoglobulin G (ab205718, Abcam)
to evaluate protein immunoreactivity. The density of

Table 2. Clinicopathological characteristics of subjects
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Figure 1. circROCK1 is highly expressed in sepsis.

Note: RT-gPCR to detect circROCK1 expression in the serum of
normal subjects and patients with sepsis. The data were expressed
as mean £ S.D., and the Student’s t-test was applied.

protein bands was analyzed by Image-Pro Plus version
6.0 (Media Cybernetics, USA).

Dual luciferase reporter experiment

The citcROCK1 or OXSR1 3’untranslated region
sequence containing miR-96-5p binding site was in-
serted into the pmirGLO vector (Promega, USA), and
the wild type (WT) luciferase reporter plasmids were
named circROCK1-WT and OXSR1-WT. After the
binding sites were mutated, mutant type (MUT) lucif-
erase plasmids (circROCK1-MUT and OXSR1-MUT)
were constructed. HEK293 cells were transplanted
into 48-well plates at 3X104 cells/well and transfected
with 2 ul. of plasmids and 100 nM miR-96-5p mimic
or mimic-NC (GenePharma, China). After 48-hour
transfection, the dual luciferase reporter system (Pro-
mega; E1910) was utilized to detect firefly and renilla
luciferase activities.

Data analysis

Values expressed as mean T standard deviation
(8.D.) were analyzed by GraphPad Prism software 8.01
(GraphPad Software, USA). The Student’s #test was ap-
plied to compate two groups. Spearman correlation anal-
ysis examined the relationship between circROCK1 and
the clinicopathological characteristics of septic patients.
*P<0.05 was considered statistically significant.

Parameters Healthy subjects (n = 37) Septic patients (n = 63)
Age (years) 57.64+6.27 53.78+4.93

Gender (male/female) male (14)/female (23) male (39)/female (24)*
BMI (kg/m2) 21.27+0.79 20.98+1.07

Scr (mg/dL) 0.91+0.17 1.54+0.24*

Albumin (g/L) 42.97+4.78 31.47+3.59%

WBC (x10%/L) 8.49+2.03 17.56+4.12*

CRP (mg/L) 11.04+2.39 47.83+8.83*

PCT (ng/mL) 0.79£0.12 8.74+2.41*

SOFA score - 3.97+1.24

Note: Scr: serum creatinine; WBC: white blood cells; CRP: C-reactive protein; PCT: procalcitonin; SOFA: sequential organ failure assessment. Data
expressed as mean £S.D., combined with student’s t-test or chi-square test; in contrast to healthy subjects, *P<0.05.
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Table 3. The correlation between circROCK1 and clinicopathological characteristics of sepsis

Parameters circROCK1 low expression (n = 31) circROCK1 high expression (n = 32) P R
Age (years) 54.32+5.79 56.43+3.87 0.478 0.237
Gender (male/female)  male (18)/female (13) male (15)/female (17) 0.327 0.379
BMI (kg/m2) 19.72+0.84 20.37+0.77 0.782 0.113
Scr (mg/dL) 1.22+0.13 1.94+0.36 < 0.001 0.639
Albumin (g/L) 31.37+£2.78 29.25+4.03 0.174 -0.335
WBC (x109/L) 15.79+3.47 17.63+4.55 0.264 0.341
CRP (mg/L) 39.84+6.29 54.27+591 <0.001 0.749
PCT (ng/mL) 5.74+1.63 10.93+2.80 <0.001 0.538
SOFA score 2.69+0.74 5.27+0.63 <0.001 0.673

Note: Scr: serum creatinine; WBC: white blood cells; CRP: C-reactive protein; PCT: procalcitonin; SOFA: sequential organ failure assessment. Data
expressed as mean %S.D., combined with student’s t-test and spearman correlation analysis.

RESULTS

Clinical and pathological characteristics of subjects

37 healthy subjects (14 males, 23 females, average age:
57.6416.27 years old) and 63 septic patients (39 males,
24 females, average age: 53.7814.93 years old) were re-
cruited. The clinicopathological characteristics of the two
groups were detailed in Table 2. There were no signifi-
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Figure. 2 Silencing circROCK1 improved myocardial injury in septic mice.
Note: (A) Survival rate of CLP mice within 48 hours; (B) RT-gPCR to detect circROCK1 expression in mouse myocardial tissue; (C) Cardiac

function indexes LVSP, LVEDP, +dp/dt, . and -dp/dt,

max

and serum cTnl and CK-MB levels; (D) HE staining of mice myocardial tissue; (E)

ELISA to detect TNF-q, IL-1B, and IL-6 levels in mice myocardial tissue; (F) Western blot to detect phosphorylated NF-kB expression in
mice myocardium tissue; the data were expressed as mean + S.D. (n=6) and compared by Student’s t-test. In comparison with the Sham
group, *P<0.05; in comparison with the sh-NC group, AP<0.05.
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Figure 3. Silencing miR-96-5p promotes myocardial injury in septic mice.
Note: (A) RT-qPCR to detect serum miR-96-5p expression in healthy subjects and septic patients; (B) RT-qPCR to detect miR-96-5p expres-
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ated NF-kB expression in mice myocardial tissues; the data were expressed as mean + S.D. (n=6) and compared by Student’s t-test. In

comparison with the NC antagomir group, 4P<0.05.

relationship between circROCK1 and sepsis was subse-
quently examined. circROCK1 was positively correlated
with Scr, CRP, PTC, and SOFA scores in sepsis (Ta-
ble 3).

Silencing circROCK1 improved myocardial injury in
septic mice

A CLP mouse model was established to further ex-
amine the role of circROCKI in sepsis. First, the sur-
vival rate of CLP mice within 48 hours was evaluated.
The sutvival rate of CLP mice within 48 hours after
surgery was 41.2%, while the mice in the Sham group
did not die (Fig. 2A). After CLP, circROCK1 expres-
sion in the myocardial tissue of mice was elevated; after
sh-circROCKT injection, citcROCK1 expression was re-
versed (Fig. 2B). Later the cardiac function of the mice
was checked. After CLP, LVSP and +dp/dt,, were re-
duced, while -dp/dt_,, LVEDP, ¢Tnl, and CK-MB were
clevated. After sh-circROCKI injection, the changes in
the above indicators were reversed (Fig. 2C). HE stain-
ing revealed that myocardial necrosis and interstitial

edema appeared in the myocardial tissue of CLP mice,
and these pathological changes were attenuated after si-
lencing circROCK1 (Fig. 2D). Additionally, CLLP surgery
clevated inflammatory factors TNF-o, IL-13, and IL-6
levels in the myocardial tissue of mice. After silencing
circROCK1, inflammatory factor levels were reduced
(Fig. 2E). Western blot results implied that CLP elevated
phosphorylated NF-»B expression in mouse myocardial
tissue. After silencing circROCKI, phosphorylated NF-
#B expression was reduced (Fig. 2F). Based on these
findings, silencing circROCK1 improves myocardial in-
jury in septic mice.

Silencing miR-96-5p promoted myocardial injury in
septic mice

In this work, miR-96-5p was under-expressed in the
serum of septic patients (Fig. 3A). Subsequently, miR-
96-5p in CLP mice was down-regulated by injection
of miR-96-5p antagomir (Fig. 3B). Next, the impact of
miR-96-5p on myocardial injury in septic mice was ex-
amined. After down-regulating miR-96-5p, LVSP and
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+dp/dt,,,, decreased, whereas -dp/dt,,, LVEDP, cTnl,
and CK-MB elevated in CLP mice (Fig. 3C). HE stain-
ing indicated that down-regulating miR-96-5p aggravated
myocardial necrosis and edema in CLP mice (Fig. 3D).
Additionally, down-regulating miR-96-5p further elevated
inflammatory factors TNF-o, IL-18, and 1L-6 in the my-
ocardial tissue of CLP mice and promoted phosphoryl-
ated NF-»B expression (Figs. 3E, F).

circROCK1 acted as a miR-96-5p sponge in sepsis to
mediate ROCK1 expression

After silencing circROCK1, miR-96-5p expression in
CLP mice was elevated (Fig. 4A). It is speculated that
circROCKI is available to target miR-96-5p expression.
CircROCK1 and miR-96-5p have a targeting relationship
on http://starbase.sysu.edu.cn/ (Fig. 4B). Next, a dual
luciferase reporter experiment was conducted to further
examine the targeting relationship between circROCK1
and miR-96-5p. WT-circROCK1 reduced the luciferase
activity in the miR-96-5p mimic group, whereas MUT-
circROCK1 had no impact (Fig. 4C). This indicates that
circROCK1 competitively binds miR-96-5p in sepsis.
OXSRI1 has been found to be highly expressed in sepsis
and has an important relationship with sepsis develop-
ment. In this work, OXSR1 expression was elevated in
septic patients compared with healthy controls as well
as in CLP mouse myocardial tissue compared with the
Sham group. After down-regulating miR-96-5p, OXSR1
expression was further elevated (Fig. 4D). Given that,
OXSR1 may be a potential target gene of miR-96-

5p. On the http://starbase.sysu.edu.cn/, it was found
that OXSR1 and miR-96-5p had potential binding sites
(Fig. 4E). Based on dual-luciferase findings, WT-OXSR1
could reduce miR-96-5p luciferase activity, while MUT-
OXSR1 had no impact on it (Fig. 4F). Additionally, si-
lencing citcROCKI1 can inhibit OXSR1 expression in the
myocardial tissue of CLP mice (Fig. 4G). These findings
indicate that OXSR1 is the target gene of miR-96-5p
and is regulated by circROCKI.

DISCUSSION

In recent years, sepsis incidence has risen year by year,
but the specific mechanism that affects septic organ in-
jury is still not clear (Font et al, 2020; I’Heureux e al.,
2020). In this work, our team found that circROCK1
was highly expressed in the serum of septic patients and
indicated a positive correlation with Scr, CRP, PTC, and
SOFA scores in sepsis. Additionally, knocking down cir-
cROCKI1 improved septic myocardial injury by enhanc-
ing myocardial contractility, reducing myocardial tissue
necrosis and edema, as well as inhibiting the activation
of NF-xB signaling pathway and downstream inflam-
matory factor expression. In terms of mechanism, cir-
cROCKI1 silencing can ameliorate myocardial injury in
sepsis mainly through competitive binding of miR-96-5p-
mediated OXSR1 expression.

The CLP mouse model has been widely applied in
basic research on sepsis. After CLP, the mice presented
myocardial inhibition and inflaimmatory injury, mainly
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including decteased LVSP and +dp/dt,, and elevated
-dp/dt,,, LVEDP, cTnl, CK-MB, and inflammatory
factors. These findings are in line with previous studies
(Gao et al, 2021; Liu et al., 2020), revealing that CLP is
available to induce severe myocardial dysfunction.

Various citcRNAs can regulate inflammatory respons-
es in sepsis, which is vital for understanding sepsis in-
flammation development. For example, circ_0114428
regulates sepsis-induced renal inflammatory injury by
targeting miR-495-3p/ceteblon axis (He e al, 2021).
The circRNA circVMA21 improves lipopolysaccharide-
induced acute kidney injury by targeting the miR-199a-
5p/Neuropilin-1 axis in sepsis (Li e/ a/, 2021). This work
found for the first time that circROCKT can reduce sep-
tic myocardial tissue inflammation mainly by inhibiting
NF-xB phosphorylation. NF-«B is an essential inflam-
matory signaling pathway, which acts in the process of
cellular inflammation and immune response (Lawrence
2009; Pflug & Sitcheran, 2020).

Organ failure is a common feature of sepsis (Joffre ez
al,, 2020; Black ez al, 2020). In recent years, studying the
role of citcRNA in protecting cardiac function has be-
come a research hotspot. Recently, Qiu and others (Qiu
et al,, 2021) found that circHIPK3 regulates cardiomyocyte
autophagy and apoptosis stimulated by hypoxia/reoxy-
genation via miR-20b-5p/autophagy related 7 axis. Addi-
tionally, Cheng and others (Cheng e# 4/, 2020) found that
circular RNA POSTN promotes myocardial infarction-
induced myocardial injury and cardiac remodeling through
regulating miR-96-5p/Bcl-2/adenovirus E1B 19kDa intet-
acting protein 3 axis. In our research, knocking down cit-
cROCKI1 improved myocardial function and inflammatory
injury in septic mice. It is worth noting that circROCK1
has been found to be highly expressed in septic lung tis-
sue, so we speculate that circRNA also has a similar im-
pact on sepsis and other organ failures.

In further research on the mechanism, based on the
bioinformatics website and dual luciferase reporter sys-
tem, circROCK1 was directly bound to miR-96-5p to
elevate OXSR1 expression. miR-96-5p regulates the NF-
#B signaling pathway to reduce the severe response of
neonatal sepsis (Chen ez al, 2020), which is the same
as our findings. Furthermore, miR-96-5p also improved
myocardial function in septic mice. This may be because
miR-96-5p can reduce the release of systemic inflamma-
tory cytokines in septic mice. OXSR1 is an essential im-
munomodulator in the body, which is differentially ex-
pressed in cancer, hypertension (Frame e# al, 2019; Puleo
et al, 2020), as well as neurological discases (Frame ef
al., 2019). A recent report revealed that overexpressing
OXSR1 can improve acute kidney injury induced by sep-
sis (Qin et al, 2019). Previous studies have shown that
abnormal expression of the miR-96-5p/OXSR1 axis
plays an important role in acute lung injury (Wu e/ al,
2022). This suggests that the miR-96-5p/OXSR1 axis
may also be involved in other organ injuries induced
by sepsis, such as liver and intestine. We speculate that
OSXRI1 is also involved in the process of septic organ
injury. This needs to be explored in subsequent studies.
In this article, OXSR1 was also highly expressed in sep-
sis-induced myocardial injury.

In conclusion, our findings show that citcROCKI is
highly expressed in sepsis and is correlated with clin-
icopathological characteristics. In terms of mechanism,
circROCK1 promotes septic myocardial dysfunction by
acting as a miR-96-5p sponge to mediate OXSR1 ex-
pression.

Declarations

Acknowledgments. Not applicable.

Declaration of Conflicting Interests. The author(s)
declared no potential conflicts of interest with respect to
the tresearch, authorship, and/or publication of this arti-
cle.

REFERENCES

Bansal M, Mehta A, Machanahalli Balakrishna A, Kalyan Sundaram A,
Kanwar A, Singh M, Vallabhajosyula S (2023) Right ventricular dys-
function in sepsis: an updated narrative review. Shock 59: 829-837.
https://doi.org/10.1097/shk.0000000000002120

Bao X, Zhang Q, Liu N, Zhuang S, Li Z, Meng Q, Sun H, Bai ],
Zhou X, Tang L (2019) Characteristics of circular RNA expres-
sion of pulmonary macrophages in mice with sepsis-induced acute
lung injury. | Cell Mol Med 23: 7111-7115. https://doi.org/10.1111/
jemm. 14577

Black LP, Puskarich MA, Smotherman C, Miller T, Fernandez R, Guit-
gis FW (2020) Time to vasopressor initiation and organ failure pro-
gression in eatly septic shock. | Am Coll Emerg Physicians Open 1:
222-230. https://doi.org/10.1002/emp2.12060

Chen X, Chen Y, Dai L, Wang N (2020) MiR-96-5p alleviates inflam-
matory tresponses by targeting NAMPT and regulating the NF-»xB
pathway in neconatal sepsis. Biosii Rep 40. https://doi.org/10.1042/
bsr20201267

Cheng N, Wang MY, Wu YB, Cui HM, Wei SX, Liu B, Wang R (2020)
Circular RNA POSTN promotes myocardial infarction-induced
myocardial injury and cardiac remodehng by regulating miR-96-5p/
BNIP3 axis. Front Cell Dev Biol 8: 618574. https://doi.org/10. 338‘)/
feell.2020.618574

Font MD, Thyagarajan B, Khanna AK (2020) Sepsis and Septic Shock
— Basics of diagnosis, pathophysiology and clinical decision mak-
ing. Med Clin North Am 104: 573-585. https://doi.org/10.1016/j.
mcna.2020.02.011

Frame AA, Puleo F, Kim K, Walsh KR, Faudoa E, Hoover RS, Wain-
ford RD (2019) Sympathetic regulation of NCC in norepinephrine-
evoked salt-sensitive hypertension in Sprague-Dawley rats. Aw |
Physiol Renal Physiol 317: F1623-F1636. https://doi.org/10.1152/
ajprenal.00264.2019

Gao H, Ma H, Gao M, Chen A, Zha S, Yan ] (2021) Long non-coding
RNA GAS5 aggravates myocardial depression in mice with sepsis
via the microRNA-449b/HMGB1 axis and the NF-xB signaling
pathway. Biosci Rep 41. https://doi.org/10.1042/bsr20201738

He Y, Sun Y, Peng J (2021) Circ_0114428 regulates sepsis-induced kid-
ney injury by targeting the miR-495-3p/CRBN axis. Inflammation 44:
1464—1477 https://doi.org/10. 1(07/910753 021-01432-2

Joffre ], Hellman J, Ince C, Ait-Oufella H (2020) Endothelial respons-
es in sepsis. Aw | Rz]m Crit Care Med 202: 361-370. https://doi.
org/10.1164/rccm.201910-1911TR

Kiristensen LS, Hansen TB, Veno MT, Kjems J (2018) Circular RNAs
in cancer: opportunities and challenges in the field. Oncogene 37:
555-565. https://doi.org/10.1038/0nc.2017.361

I’Heureux M, Sternberg M, Brath L, Turlington J, Kashiouris MG
(2020) Sepsis-induced cardiomyopathy: a comprehensive review.
Curr Cardiol Rep 22: 35. https://doi.org/10.1007/511886-020-01277-
2

Lawrence T (2009) The nuclear factor NF-kappaB pathway in in-
flammation. Cold Spring Harb Perspect Biol 1: a001651. https://doi.
org/10.1101/cshperspect.a001651

Lelubre C, Vincent JL (2018) Mechanisms and treatment of organ fail-
ure in sepsis. Naz Rev Nephro/ 14: 417-427. https://doi.org/10.1038/
541581-018-0005-7

Li X, Li R, Gong Q, Shi D, Song L, Song Y (2021) Circular RNA

circVMA21 ameliorates lipopolysaccharide (ILPS)-induced acute kid-

ney injury by targeting the miR-199a-5p/NRP1 axis in sepsis. Bio-
chem Biophys Res Commun 548: 174-181. https://doi.org/10.1016/j.
bbrc.2021.02.028

Y, Ge S, Peng Y, Chen X (2013) Inflammation and cardiac dys-

function during sepsis, muscular dystrophy, and myocarditis. Bums

Tranma 1: 109-121. https://doi.org/10.4103/2321-3868.123072

Liu JJ, Li Y, Yang MS, Chen R, Cen CQ (2020) SP1-induced ZFAS1
aggravates sepsis- induced cardiac dysfunction zia miR-590-3p/NL-
RP3-mediated autophagy and pyroptosis. Arch Biochen Bigphys 695:
108611. https://dot.org/10.1016/j.abb.2020.108611

Memczak S, Jens M, Elefsinioti A, Torti F, Krueger J, Rybak A, Maier
L, Mackowiak SD, Gregersen LH, Munschauer M, Loewer A, Zie-
bold U, Landthaler M, Kocks C, le Noble F, Rajewsky N (2013)
Circular RNAs are a large class of animal RNAs with regulatory
potency. Nature 495: 333-338. https://doi.org/10.1038/nature11928

Nie MW, Han YC, Shen ZJ, Xie HZ (2020) Identification of circRNA
and mRNA expression profiles and functional networks of vascu-

Li

%


https://doi.org/10.1097/shk.0000000000002120
https://doi.org/10.1111/jcmm.14577
https://doi.org/10.1111/jcmm.14577
https://doi.org/10.1002/emp2.12060
https://doi.org/10.1042/bsr20201267
https://doi.org/10.1042/bsr20201267
https://doi.org/10.3389/fcell.2020.618574
https://doi.org/10.3389/fcell.2020.618574
https://doi.org/10.1016/j.mcna.2020.02.011
https://doi.org/10.1016/j.mcna.2020.02.011
https://doi.org/10.1152/ajprenal.00264.2019
https://doi.org/10.1152/ajprenal.00264.2019
https://doi.org/10.1042/bsr20201738
https://doi.org/10.1007/s10753-021-01432-z
https://doi.org/10.1164/rccm.201910-1911TR
https://doi.org/10.1164/rccm.201910-1911TR
https://doi.org/10.1038/onc.2017.361
https://doi.org/10.1007/s11886-020-01277-2
https://doi.org/10.1007/s11886-020-01277-2
https://doi.org/10.1101/cshperspect.a001651
https://doi.org/10.1101/cshperspect.a001651
https://doi.org/10.1038/s41581-018-0005-7
https://doi.org/10.1038/s41581-018-0005-7
https://doi.org/10.1016/j.bbrc.2021.02.028
https://doi.org/10.1016/j.bbrc.2021.02.028
https://doi.org/10.4103/2321-3868.123072
https://doi.org/10.1016/j.abb.2020.108611
https://doi.org/10.1038/nature11928

574 Z.Y. He and others

2023

lar tissue in lipopolysaccharide-induced sepsis. | Cell Mo/ Med 24:
7915-7927. https:/ /doi.org/10.1111/jcmm.15424

Pflug KM, Sitcheran R (2020) Targeting NF-»B-Inducing Kinase (NIK)
in immunity, inflammation, and cancer. Int | Mo/ Sci 21. https://doi.
org/10.3390/1jms21228470

Puleo F, Kim K, Frame AA, Walsh KR, Ferdaus MZ, Moreira JD,
Comsti E, Faudoa E, Nist KM, Abkin E, Wainford RD (2020)
Sympathetlc regulatlon of the NCC (Sodlum Chloride Cotransport-
er) in Dahl salt-sensitive hypertension. Hyperension 76: 1461-1469.
https://doi.org/10.1161/hypertensionaha.120.15928

Qin Y, Wang G, Peng Z (2019) MicroRNA-191-5p diminished sep-
sis-induced acute kidney injury through targeting oxidative stress
responsive 1 in rat models. Biosci Rep 39. https://doi.org/10.1042/
bsr20190548

Qiu Z, Wang Y, Liu W, Li C, Zhao R, Long X, Rong J, Deng W,
Shen C, Yuan J, Chen W, Shi B (2021) CircHIPK3 regulates the
autophagy and apoptosis of hypoxia/reoxygenation-stimulated car-
diomyocytes zia the miR-20b-5p/ATG7 axis. Cell Death Discov T: 64.
https://doi.org/10.1038/s41420-021-00448-6

Rubio I, Osuchowski MF, Shankar-Hari M, Skirecki T, Winkler MS,
Lachmann G, La Rosée P, Monneret G, Venet F, Bauer M, Brunk-
horst FM, Kox M, Cavaillon JM, Uhle F, Weigand MA, Flohé SB,
Wiersinga WJ, Martin-Fernandez M, Almansa R, Martin-Loeches
1, Torres A, Giamarellos-Bourboulis EJ, Girardis M, Cossatizza A,
Netea MG, van der Poll T, Scherag A, Meisel C, Schefold JC, Ber-
mejo-Martin JE (2019) Current gaps in sepsis immunology: new op-
portunities for translational research. Lancet Infect Dis 19: e422—e4306.
https://doi.org/10.1016/s1473-3099(19)30567-5

Y-Hassan S, Settergren M, Henareh L. (2014) Sepsis-induced myocardi-
al depression and takotsubo syndrome. Acute Card Care 16: 102-109.
https://doi.org/10.3109/17482941.2014.920089

Salomao R, Ferreira BL, Salomiao MC, Santos SS, Azevedo L.CP, Bru-
nialti MKC (2019) Sepsis: evolving concepts and challenges. Brag |
Med Biol Res 52: €8595. https://doi.org/10.1590/1414-431x20198595

Shi Y, Sun CF, Ge WH, Du YP, Hu NB (2020) Circular RNA VMA21
ameliorates sepsis-associated acute kidney injury by regulating miR-
9-3p/SMG1/inflammation axis and oxidative stress. | Cel/ Mol Med
24: 11397-11408. https://doi.org/10.1111/jcmm.15741

Stanski NL, Wong HR (2020) Prognostic and predictive enrichment in
sepsis. Nat Rev Nephrol 16: 20-31. https://doi.org/10.1038/s41581-
019-0199-3

Wu W, Zhong W, Xu Q, Yan ] (2022) Silencing of long non-coding
RNA ZFAS1 alleviates LPS-induced acute lung injury by mediat-
ing the miR-96-5p/OXSR1 axis in sepsis. Am | Med Sci 364: 66-75.
https:/ /doi.org/10.1016/j.amjms.2022.03.008

Xiong H, Wang H, Yu Q (2021) Circular RNA circ_0003420 medi-
ates inflammation in sepsis-induced liver damage by downregulating
neuronal PAS domain protein 4. I opharmacol 1 jcol 43:
271-282. https://doi.org/10. 1080/08923973 2021.1887212

Yang Y, Lei W, Qian I, Zhang S, Yang W, Lu C, Song Y, Liang Z,
Deng C, Chen Y, Tian Y and Zhao H (2023) Activation of NR1H3
signaling pathways by psoralidin attenuates septic myocardial injury.
Free Radic Biol Med 204: 8-19. https://doi.org/10.1016/].freeradbi-
omed.2023.04.006

Zhen G, Liang W, Jia H, Zheng X (2022) Melatonin relieves sepsis-
induced myocardial injury 2a regulating JAK2/STAT3 signaling
pathway. Minerva Med 113: 983-989. https://dol.org/10.23736/
50026-4806.20.06626-4

Zhou B, Zhang J, Chen Y, Liu Y, Tang X, Xia P, Yu P, Yu S (2022)
Puerarin protects against sepsis-induced myocardial injury through
AMPK-mediated ferroptosis signaling. Aging (Albany NY) 14: 3617—
3632. https://doi.org/10.18632/aging. 204033

Zou Z, Wang Q, Zhou M, Li W, Zheng Y, Li F, Zheng S, He Z
(2020) Protective effects of P2X7R antagonist in sepsis-induced
acute lung injury in mice »a regulation of citc_0001679 and
circ_0001212 and downstream Pln, Cdh2, and Nprl3 expression. |
Gene Med 22: €3261. https://doi.org/10.1002/jgm.3261



https://doi.org/10.1111/jcmm.15424
https://doi.org/10.3390/ijms21228470
https://doi.org/10.3390/ijms21228470
https://doi.org/10.1161/hypertensionaha.120.15928
https://doi.org/10.1042/bsr20190548
https://doi.org/10.1042/bsr20190548
https://doi.org/10.1038/s41420-021-00448-6
https://doi.org/10.1016/s1473-3099(19)30567-5
https://doi.org/10.3109/17482941.2014.920089
https://doi.org/10.1590/1414-431x20198595
https://doi.org/10.1111/jcmm.15741
https://doi.org/10.1038/s41581-019-0199-3
https://doi.org/10.1038/s41581-019-0199-3
https://doi.org/10.1016/j.amjms.2022.03.008
https://doi.org/10.1080/08923973.2021.1887212
https://doi.org/10.1016/j.freeradbiomed.2023.04.006
https://doi.org/10.1016/j.freeradbiomed.2023.04.006
https://doi.org/10.23736/s0026-4806.20.06626-4
https://doi.org/10.23736/s0026-4806.20.06626-4
https://doi.org/10.18632/aging.204033
https://doi.org/10.1002/jgm.3261

