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Abstract
Myocardial dysfunction is a prime cause of death in sepsis. This study is to delve into the

function of lncRNA KCNQ1OT1 in myocardial injury induced by sepsis. Sepsis-induced

myocardial injury model in rat was initiated by intraperitoneally injecting of LPS (10mg/

kg) in vivo, and cardiomyocyte H9c2 was treated with LPS to mimic sepsis in vitro.

KCNQ1OT1 and miR-192-5p expressions were detected by qRT-PCR. The cell viability

was probed with CCK-8 experiment and the apoptosis of the cardiomyocytes was tested

using flow cytometry analysis. Western blot was operated to determine apoptosis-related

proteins expressions. ELISA was used to evaluate the levels of TNF-a, IL-6, and IL-1b.

Bioinformatics analysis, RT-PCR, dual luciferase reporter assay, and RNA immunoprecip-

itation experiment were utilized to detect the interrelation of genes. Herein, we proved that

KCNQ1OT1 was considerably down-regulated, whereas miR-192-5p was markedly

increased in myocardial tissues of septic rats. KCNQ1OT1 interrelated with miR-192-5p, and negatively modulated its expression

levels. Overexpression of KCNQ1OT1 or the transfection of miR-192-5p inhibitors greatly facilitated the viability and impeded the

apoptosis of H9c2 cardiomyocytes. miR-192-5p paired with the 30UTR of XIAP, and repressed its protein expression, and XIAP

wasmodulated positively by KCNQ1OT1. In conclusion, our work indicates that down-regulation of KCNQ1OT1 advances cardiac

injury through regulating miR-192-5p/XIAP axis during sepsis.
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Introduction

Sepsis is a comprehensive systemic disease characterized
by life-threatening organ dysfunction in the body’s uncon-
trolled infection response.1 Sepsis-induced cardiomyopa-
thy (SIC) is a common dysfunction of the heart owing to
sepsis, and its pathophysiological process is reversible.
According to epidemiological investigations, SIC occurs
in at least 40% of patients with sepsis, and if SIC is not
controlled in time and effectively, the patient mortality
rate will increase significantly.2 From the pathogenesis,
sepsis-mediated myocardial injury develops with

abnormal expression and dysfunction of genes, RNA, and
proteins. Effective modulation of this abnormal molecular
expression may alleviate SIC. Therefore, investigating the
detailed mechanisms of SIC is at play in exploring novel
treatment options.

LncRNAs are RNA molecules with over 200 nucleotides
in length and without the ability of encoding proteins.
LncRNA is involved in multiple biological processes,
X chromosome imprinting, chromatin remodeling, alterna-
tive splicing and decay of RNA, cell differentiation, cell fate
control, cell migration, and so on included.3,4 Research
reports often offer inferences that lncRNA exerts a
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meaningful part in the pathophysiological responses of
bacterial inflammatory reactions such as pneumonia and
nephritis.5,6 Ascending evidence denoted that lncRNAs
are enrolled in sepsis.7,8 Exploring the mechanism of
lncRNAs in the pathophysiological process of sepsis may
be helpful in finding effective therapeutic targets. KCNQ1
opposite strand/antisense transcript 1 (KCNQ1OT1) is
abnormally expressed in several diseases, and is associated
with inflammatory responses and cell apoptosis.9,10

Nevertheless, the mechanism of action of KCNQ1OT1 in
sepsis remains unclear.

MicroRNAs (MiRs), which also belong to ncRNAs, are
highly conserved ncRNA molecules of 21–25 nt in length.
MiRs are of great importance in cell differentiation, metab-
olism, proliferation, and apoptosis.11 Reports have denoted
that miRNAs participate in the progression of sepsis.12,13

Researches have suggested that miR-192-5p was dimin-
ished in some tumors such as lung cancer, bladder carcino-
ma, and so on.14,15 Instead, miR-192-5p function in the
pathophysiological process of sepsis needs further
exploration.

X-linked inhibitor of apoptosis protein (XIAP) is a cru-
cial caspase inhibitor during apoptosis. XIAP functions in
the inhibition of apoptosis driven by endogenous or exog-
enous apoptosis through a diversity of signaling path-
ways.16,17 Interestingly, studies have shown that in sepsis,
miR-23b exerted immunosuppressive effects in the late
periods of sepsis via impeding the NF-jB signaling path-
way and elevating pro-apoptotic signaling pathways influ-
enced by NIK, TRAF1, and XIAP.18 This study suggests that
XIAP is involved in sepsis and inflammatory responses and
can be targeted by miRNAs.

Herein, we manifested that KCNQ1OT1 expression was
remarkably decreased in myocardial tissue of a SIC rat
model. We further validated that the regulation of the
expression of KCNQ1OT1 affected cardiac injury.
Ultimately, we made clear that KCNQ1OT1 controlled the
cell proliferation and apoptosis through modulating miR-
192-5p/XIAP axis. This study found that KCNQ1OT1 reg-
ulated the proliferation and apoptosis of cardiomyocytes
and paved the way for the therapy of SIC.

Materials and methods

Establishment of rat model of SIC

The Experimental Animal Center of Fudan University was
the provider of male Sprague-Dawley rats (220–250 g).
They were classified into different groups (20 in a group)
at random. There existed no conspicuous dissimilarities in
age and weight among the groups. To establish SIC models,
each groupwas intraperitoneally injected with lipopolysac-
charide (LPS). After 12 h, the heart function of each group
was examined by ultrasound. Then 100lL purified adeno-
virus solution (1� 1011 PFU) carrying vector plasmid or
KCNQ1OT1 overexpression plasmid (Hongtuo
Biotechnology Co., Ltd, Hangzhou, China) was injected
into the rats via caudal vein. Two weeks after injection,
rats were treated with LPS to establish sepsis model.

Echocardiography detection

Echocardiography of each group of rats was carried out by
a Mylab 30 cv ultrasound system (Esoate, S.P.A, Genoa,
Italy) and a 10mhz linear ultrasound sensor. After shaving
in the anterior thoracic region and anesthetizing of the rats,
the rats were placed on a plate at 37�C with the left side
facing up. Test indicators included ejection fraction (%),
fractional shortening (%), and heart rate.

Hematoxylin-eosin staining

Fresh heart tissue of rats was obtained and settled in 10%
paraformaldehyde, dehydrated by ethanol and xylene,
embedded in paraffin, and sliced into section. After dew-
axing, hematoxylin eosin staining and neutral resin sealing
were carried out, and the histological changes of myocar-
dial tissue were determined using light microscope.

Cell culture and transfection

The Chinese Academy of Sciences was the provider of
human cardiomyocyte H9c2 cells. Cells, placed in a humid-
ified and 5% CO2 incubator at 37�C, were cultured in
DMEM (Invitrogen, Carlsbad, CA, US) supplemented
with L-glutamine (Gibco, New York, CA, US), 100U/mL
penicillin and 100mg/mL streptomycin (Hyclone, New
York, CA, US), and 10% fetal bovine serum (FBS; Gibco,
New York, CA, US). H9c2 cardiomyocytes were treated
with lipopolysaccharide (LPS; Sigma, St. Louis, MO,
USA) to construct the LPS-induced sepsis model in vitro.
RiboBio Co., Ltd. (Guangzhou, China) was the provider of
miR-192-5p mimics, miR-192-5p inhibitors, KCNQ1OT1
overexpression plasmid, and KCNQ1OT1 shRNA. H9c2
cells were transfected with LipofectamineTM 2000
(Invitrogen, Shanghai, China) in compliance with
protocols.

Quantitative real-time polymerase chain reaction

TRIzol (Invitrogen, Shanghai, China) was used to extract
the total RNA from myocardial tissue and H9c2 cells.
Reverse transcription was conducted by MMLV transcrip-
tase (Invitrogen, Shanghai, China) to get cDNA. qRT-PCR
was done with SYBR premix EX TAQ II kit (TaKaRa, Dalian,
China). GAPDH functioned as the internal reference for
KCNQ1OT1 and XIAP. U6 was that of miR-192-5p. 2�DDCt

method was used to quantify the expression levels of genes.
The information of primer sequences employed is provided
in Table 1.

Cell counting kit-8 assay

The viability of cardiomyocytes was examined by CCK-
8 assay. H9c2 cells transfected for 24 h were inoculated in
96-well plates with a density of 5� 103/mL, and cultured
for four consecutive days. On each day, 10 lL CCK-8 solu-
tion (Dojindo, Kumamoto, Japan) was loaded, and the cells
were incubated in the incubator for additional 1 h, and the
absorbance value was monitored at 450 nm. The curves
were drawn with time as abscissa and OD 450 nm as
ordinate.
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Apoptosis assay

H9c2 cells at log growth phase were trypsinized to make a
single cell suspension. Afterwards, cardiomyocytes were
centrifuged at 1500 r/min for 5min, and rinsed twice.
Then the centrifugation was conducted again. After that,
400 lL of 1�Binding Buffer was adopted to resuspend the
cells, and 4 lL of Annexin V-FITC apoptosis detection kit
(Abcam, Shanghai, China) with 4 lL of propidium iodide
solution were dripped into the mix. After incubation in
dark for 30min, flow cytometry analysis was done to mon-
itor the apoptosis.

RNA immunoprecipitation assay

Magna RIPTM RNA-Binding Protein Immunoprecipitation
Kit (Millipore, Billerica, MA, USA) was utilized to conduct
RIP in accord to the protocols; 100 lL H9c2 cell lysate was
prepared using 100 lL RIP buffer, 0.25 lL RNase inhibitors,
and 0.5 lL protease inhibitors. After high-speed centrifuga-
tion, the supernatant was cultured with protein-A/G-
Sepharose beads to obtain RNA binding protein complex.
KCNQ1OT1 enrichment and miR-192-5p enrichment in the
complex were probed by RT-PCR.

Western blot

Cells were cleaned three times with PBS buffer, and total
protein extraction was performed via loading RIPA lysate
(Beyotime, Shanghai, China) with PMSF, and then dena-
tured in boiling water for 5min. Then protein samples
were dissociated by 10% SDS-PAGE and transferred to
PVDF membrane. Then the proteins were blocked with
5% skim milk for 30min, and then anti-XIAP antibody
(ab21278, abcam, 1:1000), anti-Caspase-3 antibody
(ab13847, abcam, 1:1000), anti-Bax antibody (ab53154,
abcam, 1:1000) were loaded, and the membrane was incu-
bated at 4�C overnight and rinsed, and then secondary anti-
body was loaded and incubated for 60min. Finally,
immunoreactivity was determined with enhanced chemi-
luminescence kit (Amersham, Pittsburgh, PA, USA).

Dual luciferase reporter assay

Targeting sequences of wild-type (wt) KCNQ1OT1 and
mutated (mut) KCNQ1OT1 were established and inserted
into pGL3 vector (Promega, Madison, WI, USA), formulat-
ing pGL3-KCNQ1OT1-wild type (KCNQ1OT1-wt) and

pGL3-KCNQ1OT1-mutant (KCNQ1OT1-mut) reporter
vector. The cells were then cultivated in 24-well plates at
105 cells per well. Then the miR-192-5p mimics or the neg-
ative control was co-transfected into H9c2 cardiomyocytes
with wild type or mutant reporter vectors, respectively.
After 48 h, the activity of luciferase was determined.

Enzyme-linked immunosorbent assay

ELISA was used to probe the expression levels of pro-
inflammatory cytokines. Myocardial tissues were lysed
with RIPA lysis buffer (Beyotime, Shanghai, China), and
then the lysis was centrifuged at 14,000� g for 5min.
Then the cytokines were detected by ELISA in accordance
with the manufacturer’s protocols.

Statistical analysis

The analysis was operated with SPSS 21.0 (IBM, Armonk,
NY, USA). Data were stated as mean� standard deviation.
Student’s t test or one-way ANOVA was used to evaluate
the differences among two or more groups. P < 0.05
implied significant.

Results

Down-regulation of KCNQ1OT1 in myocardial tissue of
rats treated with LPS

To initially investigate the function of KCNQ1OT1 in SIC,
we first created a rat model of sepsis-induced myocardial
injury. HE staining proved that as opposed to the sham
group, vacuolar degeneration, swelling of myocardium,
and interstitial edema were only observed in septic rats,
suggesting myocardial injury in SIC group was successful-
ly induced (Supplemental Figure 1). We particularly mon-
itored the cardiac function of the rats. Ultrasound findings
indicated that in the LPS group, EF (%) and FS (%) were
dramatically dwindled than the sham group (Figure 1(a)
and (b)). There was no marked difference in heart rate
(Figure 1(c)), which was consistent with previous
report.19 Further, ELISA was applied in order to detect
the inflammatory factors in myocardial tissue. It was
showed that TNF-a, IL-1b, and IL-6 were greatly accumu-
lated in the LPS group as against the sham group (Figure 1
(d) and (f)). We subsequently tested KCNQ1OT1 expres-
sion in rat myocardial tissue via qRT-PCR. This data indi-
cated that KCNQ1OT1 expression was inhibited by LPS
induction and significantly down-regulated in rat myocar-
dial tissue in both time and dose-dependent manners
(Figure 1(g) and (h)).

Up-regulation of the expression of KCNQ1OT1
protected H9c2 cells from LPS-induced injury

To inquire into the function of KCNQ1OT1 in sepsis-
mediated myocardial injury, we employed LPS to treat
H9c2 cells to build a myocardial injury model in vitro.20

We learned that LPS dramatically repressed KCNQ1OT1
expression of H9c2 cells in time- and dose-dependent
manners (Figure 2(a) to (c)). We also successfully con-
structed the H9c2 cell line with KCNQ1OT1 overexpressed

Table 1. qRT-PCR primer sequences.

Name Primer sequences

KCNQ1OT1 Forward:50-CCCAGAAATCCACACCTCGG-30

Reverse:50-TCCTCAGTGAGCAGATGGAGA-30

GAPDH Forward:50-TATGATGATATCAAGAGGGTAGT-30

Reverse:50-TGTATCCAAACTCATTGTCATAC-30

miR-192-5p Forward:50-GGACTTTCTTCATTC ACACCG-30

Reverse:50-GACCACTGAGGTTAGAGCCA-30

XIAP Forward:50-CCGTGCGGTGCTTTAGTTGT-30

Reverse:50-TTCCTCGGGTATATGGTGTCTGAT-30

U6 Forward:50-GCTTCGGCAGCACATATACTAAAAT-30

Reverse:50-CGCTTCACGAATTTGCGTGTCAT-30
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(Figure 2(a)). Further experiments indicated that ectogenic
overexpression of KCNQ1OT1 greatly accelerated the pro-
liferation of H9c2 cells (Figure 2(d)) and inhibited the
expression level of apoptosis-related proteins caspase3
and Bax (Figure 2(e) and (f)). In addition, after overexpres-
sion of KCNQ1OT1, TNF-a, IL-1b, and IL-6 expressions in
the supernatant of H9c2 cells were significantly down-
regulated (Figure 2(g) to (i)).

MiR-192-5p was a target of KCNQ1OT1

qRT-PCR denoted that as opposed to normal rat tissues,
miR-192-5p expression was greatly elevated in rat myo-
cardial tissue along with growing LPS concentration
(Figure 3(a)). With longer treatment time, miR-192-5p
expression in myocardial tissue of the LPS group was
also up-regulated gradually (Figure 3(b)). We then con-
ducted a bioinformatics analysis through the StarBase
database, which signified that KCNQ1OT1 carried a con-
served combining site for miR-192-5p (Figure 3(c)). To
attest the correlation between KCNQ1OT1 and miR-192-
5p, we conducted the dual luciferase reporter assay,
which denoted that the miR-192-5p mimics impeded
the luciferase activity of the wild type KCNQ1OT1
vector, but exerted no notable effect on that of the

KCNQ1OT1-mut vector (Figure 3(d)). Furthermore, miR-
192-5p expression was remarkably down-regulated after
up-regulation of KCNQ1OT1 in LPS-induced H9c2 cardi-
omyocytes (Figure 3(e)). In contrast, after down-
regulating it, miR-192-5p expression was considerably
elevated (Figure 3(f)). To make sure their binding
between miR-192-5p and KCNQ1OT1, we performed an
anti-Ago2 RIP experiment. The results revealed that the
Anti-Ago2 antibody was enriched with more KCNQ1OT1
compared to the control Anti-IgG (Figure 3(g)). The
results of this experiment implied that there were bind-
ing relationships between miR-192-5p and KCNQ1OT1 in
sepsis-induced myocardial injury, and miR-192-5p was
inhibited by KCNQ1OT1.

MiR-192-5p inhibition prompted proliferation and
restrained apoptosis of H9c2 cells

We later proved that LPS considerably elevated miR-192-5p
expressions in H9c2 cells with increasing LPS concentration
and treatment time (Figure 4(a) to (c)). Further studies
revealed that inhibition of miR-192-5p dramatically facili-
tated the viability and impeded the apoptosis of H9c2 car-
diomyocytes, with decreased expressions of caspase3 and
Bax (Figure 4(d) to (f)). Also, after inhibition of miR-192-5p,

Figure 1. KCNQ1OT1 was down-regulated in rat SIC model. (a–c) Ultrasound system was used to detect EF (%), FS (%), and heart rate of sham group and LPS-

treated rats. (d–f) TNF-a, IL-1b, and IL-6 expressions in myocardial tissue were evaluated by ELISA. (g–h) qRT-PCR was employed to detect KCNQ1OT1 expression in

the myocardial tissue of rats with different LPS concentrations and time of treatment. *, **, *** indicated P< 0.05, P< 0.01, P< 0.001, respectively.
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TNF-a, IL-1b, and IL-6 expressions in culture supernatant
of H9c2 cardiomyocytes were considerably reduced
(Figure 4(g) to (i)). These data implied that miR-192-5p
was an injurious factor in SIC.

MiR-192-5p directly targets XIAP

To figure out mechanisms of miR-192-5p in mediating
sepsis myocardial injury and the role of XIAP in this pro-
cess, we examined whether the XIAP was abnormally
expressed by qRT-PCR. Results denoted that XIAP
mRNA expression was significantly declined in rat myo-
cardial tissue along with both increasing LPS concentra-
tion and treatment time (Figure 5(a) and (b)). XIAP
mRNA expression was remarkably down-regulated in
H9c2 cells treated with LPS (Figure 5(c) and (d)). We
also searched the StarBase database and learned that
XIAP was a hidden target of miR-192-5p (Figure 5(e)).
Dual luciferase reporter assay was adopted to confirm

the linking relation between miR-192-5p and XIAP. MiR-
192-5p mimics can impede the luciferase activity of the
XIAP-wt reporter, and there was no obvious influence
on the luciferase activity of the XIAP-mut vector
(Figure 5(f)). Western blot also manifested that XIAP
expression was dramatically down-regulated by miR-
192-5p mimics, and was greatly elevated by of miR-192-
5p inhibitor (Figure 5(g)).

MiR-192-5p reversed the effects mediated by
KCNQ1OT1 on H9c2 cells

To further verify that KCNQ1OT1 can function in regulating
miR-192-5p in SIC, miR-192-5p mimics was transfected into
KCNQ1OT1 overexpressed cells, and qRT-PCR demonstrat-
ed that miR-192-5p mimics had no evident influence
on KCNQ1OT1 expressions in LPS-induced H9c2 cells
(Figure 6(a) and (b)). The expression level of XIAPwas great-
ly ascended by KCNQ1OT1 overexpression but this effect

Figure 2. The functions of KCNQ1OT1 on the viability and apoptosis of LPS-induced H9c2 cardiomyocytes. (a) qRT-PCR validated the overexpression of KCNQ1OT1 and

its changewhen treated with LPS in H9c2 cells. (b) qRT-PCR detected KCNQ1OT1 expressions in H9c2 cells at different LPS concentrations. (c) qRT-PCRwas adopted to

detect KCNQ1OT1 expressions in H9c2 cells at different treatment times. (d) CCK-8 assay was employed to evaluate the viability of LPS-induced H9c2 cardiomyocytes

after KCNQ1OT overexpression. (e) The apoptosis of LPS-induced H9c2 cells after KCNQ1OT overexpression was detected. (f) Western blot was conducted to detect

caspase-3 and Bax after KCNQ1OT overexpression in H9c2 cells. ( g–i) ELISA was used to detect TNF-a, IL-1b and IL-6 expressions in the supernatant of cells. v.s. control

group: *, **, *** indicated P< 0.05, P< 0.01, P< 0.001, respectively. v.s LPS group: &, &&, &&& indicated P< 0.05, P< 0.01, P< 0.001, respectively.
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was reversed bymiR-192-5pmimics (Figure 6(c)). TNF-a, IL-
1b, and IL-6 expressions in culture supernatant of H9c2 cells
were remarkably up-regulated after transfection of miR-192-
5p mimics (Figure 6(d) to (f)). Additionally, cell proliferation
and apoptosis experiments revealed that against as the LPS
group, the cell proliferation of the overexpression group of
KCNQ1OT1 was considerably enhanced, and the apoptosis
was greatly down-regulated, but these phenotypes were
partly reversed by co-transfection of miR-192-5p (Figure 6
(g) and (h)). Collectively, it implied that miR-192-5p and
XIAP were crucial downstream effectors of KCNQ1OT1
during the process of SIC.

KCNQ1OT1 affects the progression of SIC through
miR-192-5p/XIAP axis in vivo

Vector plasmids (100 lL) or KCNQ1OT1 overexpression
plasmids were injected into rats via the tail vein. After the
rats were treated with LPS, as against the control group,
qRT-PCR results showed that the SICþKCNQ1OT1 group
had amarked increase in EF (%) and FS (%) (Figure 7(a) and
(b)). There was nomarked change in heart rate (Figure 7(c)).

MiR-192-5p expression was also markedly declined in
myocardial tissue, and KCNQ1OT1 and XIAP were dra-
matically up-regulated (Figure 7(d) to (f)). Additionally,
TNF-a, IL-1b, and IL-6 expressions in the
SICþKCNQ1OT1 group were significantly down-
regulated (Figure 7(g)). These in vivo data further suggested
KCNQ1OT1 ameliorated the progression of SIC through
the miR-192-5p/XIAP axis.

Discussion

Sepsis and SIC are important causes of death in ICU
patients, and seriously threaten the health and safety of
patients. We observed the function of KCNQ1OT1 in the
pathophysiological mechanism of SIC by means of in vivo
and in vitro experiments. We found that KCNQ1OT1
was significantly down-regulated in sepsis-mediated myo-
cardial tissue of rats and LPS-induced cardiomyocytes,
and the overexpression of KCNQ1OT1 can strikingly
facilitate the proliferation and attenuate the apoptosis of

Figure 3. The expression characteristics of miR-192-5p in LPS-treated rat tissues and cells, and its interaction with KCNQ1OT1. (a) qRT-PCR was employed to

examine miR-192-5p expressions in myocardial tissue of sham and LPS rats at different LPS concentrations. (b) qRT-PCR was applied to figure out miR-192-5p

expressions in myocardial tissue of sham group and LPS rats at different LPS treatment times. (c) Predicted binding site between KCNQ1OT1 sequence and miR-192-

5p. (d) The binding between KCNQ1OT1 and miR-192-5p was validated by double luciferase report assay. (e–f) The effects of KCNQ1OT1 and LPS treatment on miR-

192-5p expressions in H9c2 cells were observed by qRT-PCR. (g) The interaction between KCNQ1OT1 and miR-192-5p was validated by RIP experiment. *, **, ***

indicated P< 0.05, P< 0.01, P< 0.001, respectively. (A color version of this figure is available in the online journal.)
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cardiomyocytes, suggesting that KCNQ1OT1 can attenuate
the sepsis-mediated myocardial injury caused by sepsis.

The pathogenesis of SIC is complex, including changes
in hemodynamics, cardiomyocyte metabolism, cardiomyo-
cyte apoptosis, and so on.21,22 Pro-inflammatory cytokines
exert a leading effect in the pathogenesis of sepsis.23 TNF-a
and IL-1b undergo an autocrine and paracrine inflammato-
ry cascade that activates macrophage secretion of other pro-
inflammatory cytokines (such as IL-6, IL-8, and MIF), lipid
mediators, reactive oxygen species, and nitrogen, etc.,24

which has a negative impact on myocardial tissue, leading
to myocardial sepsis, myocardial injury, and eventually car-
diac dysfunction. In addition, inflammatory factors and
oxidative stress also promote apoptosis, thus aggravating
sepsis-mediated myocardial damage. In this work, we
found that TNF-a, IL-1b, and IL-6 expressions were dramat-
ically up-regulated after down-regulating KCNQ1OT1 in
H9c2 cells.

Increasing studies have connoted that lncRNA features
more prominently in the progress of sepsis. LncRNA regu-
lates the inflammatory response by effectively controlling
related proteins. For example, during urogenic sepsis,
lncRNA TapSAKI enhances kidney injury.25 There are
also reports that high lncRNA NEAT1 expression is
linked with high expression of pro-inflammatory cytokines
and poor prognosis in patients with sepsis.26 Moreover,
lncRNA also includes critical modulators in the progres-
sion of SIC. For example, LncRNA HOTAIR facilitates
LPS-induced TNF-a expression in rat cardiomyocytes
by initiating the NF-jB cascade, thereby facilitating
myocardial injury.27 Recently, accumulating researches
have denoted that KCNQIOT1 features in the progression
of multiple human diseases. For instance, KCNQ1OT1
is up-regulated in acute myeloid leukemia, which is signif-
icantly related with poor prognosis of patients.28

Interestingly, investigations have shown that KCNQ1OT1

Figure 4. Effect of miR-192-5p inhibition on the viability and apoptosis of H9c2 cardiomyocytes. (a) qRT-PCR was utilized to measure miR-192-5p in LPS-induced

H9c2 cardiomyocytes. (b) qRT-PCRwas adopted to work out miR-192-5p in H9c2 cells at different LPS concentrations. (c) MiR-192-5p in H9c2 cells were detected by

qRT-PCR at different treatment times. (d) CCK-8 assay was conducted to delve into the viability of LPS-induced H9c2 cardiomyocytes after inhibiting miR-192-5p. (e)

Flow cytometry analysis was operated to detect the apoptosis of H9c2 cardiomyocytes induced by LPS after miR-192-5p inhibition. (f) Western blot was conducted to

detect caspase-3 and Bax after inhibition of miR-192-5p in H9c2 cardiomyocytes. (g–i) ELISA was carried out to quantify TNF-a, IL-1b and IL-6 expressions in the cell

supernatant. vs. miR-control: *, **, *** indicated P< 0.05, P< 0.01, P< 0.001, respectively. vs. LPS group: &, &&, &&& indicated P<0.05, P< 0.01, P< 0.001,

respectively.
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was up-regulated in diabetes-induced cardiomyopathy,
which can significantly accelerate apoptosis in diabetic-
induced cardiomyopathy cells.29 In the present work, we
uncovered that KCNQ1OT1 was significantly decreased in
the SIC model, and the gain-and loss-assay confirmed that
KCNQ1OT1 inhibited the progression of sepsis-induced
myocardial injury.

It has been found that microRNAs are also crucial reg-
ulators in the progression of sepsis. For instance, in spleen
macrophages, miR-146a attenuates the organ injury engen-
dered by inflammation and sepsis.30 Magnolol reduces
sepsis-induced acute kidney injury by regulating miR-
218-5p.20 In the sepsis induced myocardial injury,
miRNA is also involved. For example, miR-23b attenuates
inflammatory responses by inhibiting TRAF6, and ameli-
orates sepsis-induced cardiomyopathy by inhibiting apo-
ptosis and preventing NF-jB activation.31 In recent years,
miR-192-5p has been linked with many human diseases.
Specifically, miR-192-5p is considerably down-regulated in
renal biopsy specimens from patients with hypertension.32

Additionally, miR-192-5p expression is greatly declined
in oxidative stress-mediated apoptosis, which can aggra-
vate liver injury.33 The current research studied the

characteristics of miR-192-5p in the pathophysiological
mechanism of SIC. We first validated that miR-192-5p
was greatly elevated in septic myocardial tissue and
LPS-induced cardiomyocytes. Inhibiting miR-192-5p sig-
nificantly advanced the survival and attenuated the apo-
ptosis of cardiomyocytes, suggesting that miR-192-5p can
aggravate sepsis-mediated myocardial injury caused by
LPS.

Recently, it has been reported that lncRNAs interact with
microRNAs and inhibit the effect of microRNAs via a
“sponge” mechanism. For example, in sepsis, lncRNA
NEAT1 can enhance the function of immunosuppression
of septic mice by targeting miR-125 to increase the expres-
sion of MCEMP1.34 Furthermore, LncRNA HOTAIR can
inhibit renal cell apoptosis by modulating the miR-34a/
Bcl-2 axis, thereby attenuating acute kidney injury in
septic rats.35 Additionally, lncRNA MALAT1 exacerbates
inflammatory response and cardiac dysfunction in
sepsis through sponging miR-125b to modulate the
p38MAPK/NFjB signaling.36 Additionally, it is reported
that KCNQ1OT1 accelerates the development of diabetic
retinopathy by targeting miR-1470.37 We supposed that
KCNQ1OT1 might also be a ceRNA, so we worked out

Figure 5. XIAP was down-regulated in SICmodels and targeted by miR-192-5p. (a) qRT-PCR was operated to figure out XIAP mRNA expressions in myocardial tissue

of sham and SIC rats at different LPS concentrations. (b) qRT-PCR was used to delve into XIAP mRNA expressions in myocardial tissue of sham group and SIC rats at

different LPS treatment times. (c) qRT-PCR was operated to figure out XIAP mRNA expressions in H9c2 cells at different LPS concentrations. (d) qRT-PCR was

adopted to delve into XIAP mRNA expressions in H9c2 cells at different LPS treatment times. (e) Base complementary pairing relationship between the sequence of

XIAP 30UTR and miR-192-5p. (f) Dual luciferase reporter assay was utilized to verify the binding between miR-192-5p and XIAP. (g) The effects of miR-192-5p

overexpression and inhibition on XIAP expression in H9c2 cardiomyocytes were examined by Western blot. *, **, *** indicated P< 0.05, P< 0.01, P< 0.001,

respectively. (A color version of this figure is available in the online journal.)
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the potential interaction of KCNQ1OT1 with miR-192-5p.
Our data denoted that KCNQ1OT1 can bind to miR-192-5p,
and functional experiments demonstrated that KCNQ1OT1
was negatively interrelated with miR-192-5p expressions.

Transfection of miR-192-5p mimics could reverse the role of
KCNQ1OT1 on promoting proliferation and inhibition of
apoptosis of H9c2 cells. These data demonstrate that
KCNQ1OT1 may be a miR-192-5p sponge in SIC.

Figure 6. miR-192-5p reversed the effects mediated by KCNQ1OT1 on H9c2 cardiomyocytes. (a) qRT-PCR was operated to delve into KCNQ1OT1 expressions in

H9c2 cells. (b) qRT-PCR detected miR-192-5p expressions in H9c2 cells. (c) Western blot was performed to evaluate the changes of XIAP in H9c2 cells. (d–f) ELISA

was employed to detect TNF-a, IL-1b and IL-6 expressions. (g) The proliferation of H9c2 cells treated with LPS was detected by CCK-8 method. (h) Flow cytometry

analysis was adopted to examine the apoptotic rates of H9c2 cardiomyocyte induced by LPS. *, **, *** indicated P< 0.05, P< 0.01, P< 0.001, respectively.

Figure 7. KCNQ1OT1 attenuated septic myocardial injury of rats via miR-192-5p/XIAP axis. (a–c) Ultrasound system was used to detect the [EF (%)], [FS (%)] and

heart rate in the myocardial tissues of rats. (d) qRT-PCR was conducted to observe KCNQ1OT1 expressions in the myocardial tissues of rats. (e) MiR-192-5p

expressions in the myocardial tissue of rats were detected with qRT-PCR. (f) XIAP mRNA expressions in the myocardial tissues of rats were detected with qRT-PCR.

(g) TNF-a, IL-1b, and IL-6 expressions in the myocardial tissues of rats were detected by ELISA. *, **, *** indicated P< 0.05, P< 0.01, P<0.001, respectively.

628 Experimental Biology and Medicine Volume 245 April 2020
...............................................................................................................................................................



XIAP is a modulator in cell viability, apoptosis, and
inflammatory responses. For example, studies have dem-
onstrated that CCN1 promoted FasL-induced apoptosis of
H9c2 cardiomyocytes by disrupting XIAP.38 Interestingly, it
is reported that Urocortin-1 prevented the heart from ische-
mia and reperfusion injury by increasing cell survival and
stimulating the apoptosis-related genes CD40lg, XIAP, and
BAD.39 Recently, studies have shown that the interaction of
miRNAs and their target genes can affect the progression of
human diseases. For example, miR-146a prohibits against
myocardial ischaemia reperfusion injury via targeting
Med1.40 Moreover, in ethanol-induced cardiomyocytes,
miR-186-5p is highly expressed and modulates apoptosis
through targeting XIAP.41 Herein, our data indicated that
miR-192-5p targeted XIAP. It was also manifested that
XIAP expression was dramatically declined after transfec-
tion of miR-192-5p mimics, and XIAP was greatly up-
regulated after transfection of its inhibitors. Eventually,
we constructed a SIC model of rats with KCNQ1OT1 over-
expressed, and validated that KCNQ1OT1 regulated cardi-
omyocyte viability, apoptosis, and inflammatory responses
via the miR-192-5p/XIAP axis.

In conclusion, our study proved that KCNQ1OT1 was
down-regulated in SIC tissues and cells. Functional experi-
ments confirmed that KCNQ1OT1 was a valuable and
promising therapeutic target to attenuate SIC by modulat-
ing miR-192-5p and XIAP.
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