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Cytokine-induced apoptosis inhibitor 1 is a protein involved in controlling apoptosis and programmed cell
death. The role of cytokine-induced apoptosis inhibitor 1 against lipopolysaccharide-induced myocardial
damage remains unclear. The research aimed to assess cytokine-induced apoptosis inhibitor 1 protective
function against lipopolysaccharide-induced myocardial damage and the mechanism underlying it. In vivo
and in vitro sepsis models were developed using lipopolysaccharide-induced male C57BL/6 mice and H9c2
cardiomyocytes. Our study found that lipopolysaccharide-induced myocardial tissue in mice decreased
cytokine-induced apoptosis inhibitor 1 expression while elevating interleukin-1 beta, interleukin-6, and
tumor necrosis factor-alpha levels. Moreover, cytokine-induced apoptosis inhibitor 1 was also decreased
in the lipopolysaccharide-induced H9¢2 cardiomyocytes. Overexpression of cytokine-induced apoptosis
inhibitor 1 in the lipopolysaccharide+LV-cytokine-induced apoptosis inhibitor 1 group cells inhibited
cell proliferation, the apoptotic rate, cellular reactive oxygen species, and oxidative stress. The cytokine-
induced apoptosis inhibitor 1 overexpression also remarkably attenuated the release of inflammatory
cytokines. Furthermore, cytokine-induced apoptosis inhibitor 1 overexpression potentially increases silent
information regulator 1 expression and suppresses thioredoxin interacting protein, NOD-like receptor
protein 3 and caspase-1 p10 protein expressions in the lipopolysaccharide+LV-cytokine-induced apoptosis
inhibitor 1 group cells. These findings indicate that cytokine-induced apoptosis inhibitor 1 potentially
improves lipopolysaccharide-induced myocardial injury by attenuating silent information regulator
1-dependent NOD-like receptor protein 3 inflammasome activation, providing a therapeutic strategy to
prevent and treat lipopolysaccharide -induced myocardial injury.
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Myocardial damage is a critical component of sepsis-
related multi organ failure. According to recent reports,
20 %-60 % of patients with sepsis have sepsis-related
myocardial damage and cardiac disorders!'?. Patients
with sepsis accompanied by cardiac damage had a
greater death risk than those without it?’!. However,
the only therapeutic options for this fatal disease are
supportive treatments. Therefore, it is critical to identify
methods to reduce myocardial damage during sepsis.

Various mechanisms are involved to play a role in the
development of sepsis-induced myocardial damage and
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cardiac dysfunction, including oxidative stress injury,
persistent inflammatory responses, autonomic nervous
system dysregulation, and mitochondrial dysfunction,
with excessive inflammation being significant!*®,
Pyroptosis is a sort of death caused by inflammation.
Pyroptosis has an impact on the development of
sepsis and its associated organ dysfunction, including
sepsis-induced cardiac failure!%. Tt has been shown
to be predominantly induced by the formation and
inflammasome activation!!!. The inflammasome known
as NOD-Like Receptor Protein 3 (NLRP3), which
belongs to the NOD-Like Receptor (NLR) group, is
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commonly thought to be critical in the development of
sepsis-induced cardiac damage!'®'?. When activated,
NLRP3 binds caspase-1 to generate inflammasomes and
activates caspase-1, which increases Interleukin-1 Beta
(IL-1B) maturation and release into the extracellular
domain, triggering an inflammatory response!'’.
Furthermore, Silent Information Regulator 1 (SIRT1),
a Nicotinamide Adenine Dinucleotide (NAD)-
dependent deacetylase that modulates protein activities,
has inhibited NLRP3 inflammasome activation!'*!5),
Therefore, stimulation of SIRT1-dependent pathways
has emerged as a possible therapeutic method for
treating Lipopolysaccharide (LPS)-induced myocardial
damage.

The Cytokine-Induced Apoptosis Inhibitor 1
(CIAPINI) gene produces the CIAPINI protein,
which may be detected in the mitochondria, nucleus,
and cytoplasm!'®'”), Anamorsin, or CIAPINI, is an
anti-apoptotic protein with no sequence resemblance
to members of the B-cell lymphoma -2 (Bcl-2) or
caspase protein families. It highly regulates RAS
signaling pathways and has a role in maintaining fetal
hepatic hematopoiesis!'®. CIAPIN1 is physiologically
expressed in various organs, notably those that
regenerate or proliferate.

It may serve as an indication of prognosis,
diagnosis, and therapeutic target in a variety of
human malignancies!"”. CIAPIN1 expression has
been associated with an oncogene or tumor suppressor
in various solid malignancies!"”. However, its
expression level, biological function, and mechanism
in LPS-induced myocardial injury have yet to be fully
understood. Therefore, this research aimed to examine
the effects of CIAPIN1 on LPS-induced myocardial

damage and the precise underlying molecular
mechanism.

MATERIAL AND METHODS

Animals:

We procured male C57BL/6 mice, (8-10) w old, from
Shanghai SLAC Laboratory Animal Co., Ltd. The
mice were housed in surroundings free of particular
infections, controlled at humidity 50 %-60 % at air
and 22°-24° temperature on a 12 h light-dark cycle.
The mice were given full access to food and water. The
ethics committee of our hospital approved all animal
experimental procedures.

Animal experiments:

The experiment used sixteen mice allocated randomly
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into two distinct groups. The mice received an
intraperitoneal administration of LPS (10 mg/kg,
L2630, Sigma) or an equivalent amount of 0.9 %
saline solution. After 24 h, the mice were anaesthetized
through the injection of pentobarbital sodium and
subsequently euthanized. The blood and ventricular
myocardium were harvested.

Immunohistochemistry (IHC) analysis:

An IHC examination was conducted on the myocardial
tissue samples obtained from mice. The tissue sections
were overnight incubated at 4° with primary antibodies
targeting CIAPIN1 (dilution 1:100; catalogue number
ab154904, Abcam). The slides were then treated with
a secondary antibody produced in goats against rabbit
immunoglobulins for 1 h at ambient temperature before
being stained with 3, 3’-Diaminobenzidine (DAB).
Sections were imaged on a microscope.

Cell culture:

H9c2 rat cardiomyocytes were grown in a Dulbecco’s
Modified Eagle’s Medium (DMEM) culturing medium
containing 10 % Fetal Bovine Serum (FBS) and
antibiotics (streptomycin/penicillin). To generate an in
vitro model of septic cardiomyopathy, we used 0, 0.5,
1,2.5,5, and 10 pg/ml doses of LPS in H9¢c2 cells for
24 h.

Lentiviral packaging and transduction:

To overexpress the CIAPIN1 gene in H9¢2 cells, human
CIAPIN1-complementary = Deoxyribonucleic  Acid
(cDNA) sequences were cloned into lentiviral vector
pCDH-CMV (LM-8070, LMAI Bio) and packaged
in 293T cells. We were grown transfected cells at 37°
for 48 h to generate lentiviral particles. To increase
the expression of CIAPIN1, we transfected H9¢c2 cells
with the lentiviral particles and grown for 48 h. We
then selected the stable clones and grown in a culturing
medium containing puromycin (1 pg/ml) and were
evaluated using Western blot analysis.

Cell grouping:

After transfection with pCDH-CMV-CIAPIN1 (LV-
CINPIN1) and pCDH-CMV-GFP (LV-con), using
Lipofectamine 3000 for (6-8) h, the H9c2 cells were
injected with 5 pg/ml LPS for further 24 h. Cells were
grouped into the control group, treated with saline; the
LPS group, treated with LPS (5 pg/ml); the LPS+LV-
control group, transfected with pCDH-CMV-GFP and
treated with LPS (5 pg/ml) and LPS+LV-CINPINI
group, transfected with pCDH-CMV-CIAPINI and
treated with LPS (5 pg/ml).
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34, (5-Dimethylthiazol-2-yl)-2,5
Tetrazolium Bromide (MTT) assay:

Diphenyl

We plated H9¢2 cells on 96-well culture plates at 1x10*
per well density. The cells were then subjected to MTT
solution (1 mg/ml, M1020, Solarbio, Beijing, China)
for 4 h at 37°. Formazan crystals were solubilized with
100 pl of Dimethyl Sulfoxide (DMSO) in each well.
The plate was assessed at 570 nm using a microplate
reader.

Cell apoptosis:

The Annexin V-Fluorescein Isothiocyanate (FITC)
test kit (CA1020, Solarbio, Beijing, China) was used
to assess the apoptotic rate. We have grown H9c2
cells in a 24-well plate and seeded 5x10* cells/well.
Subsequently, we treated the cells and incubated them
for 48 h. The cells were removed using trypsin and
subsequently incubated at room temperature for 15 min
with Annexin FITC and Propidium lodide (PI). The
apoptotic rate was estimated by flow cytometry.

Intracellular Reactive Oxygen Species (ROS) level
evaluation:

We used Dihydroethidium (DHE); (Beyotime; Cat.,
no: S0063) staining to measure the cellular ROS level.
Intracellular superoxide anions dehydrate DHE to form
ethidium, which subsequently binds to Ribonucleic
Acid (RNA) or DNA within living cells and emits red
fluorescence. The red fluorescence intensity is related to
the amount of intracellular superoxide generated. H9¢c2
cells were seeded in 24-well plates at a density of 1x10°
per well. DHE (10 m) was then introduced into the cells
and agitated for 30 min at 37° before being treated with
100 nM Selenium (Se) and 200 mM Homocysteine
(Hcy) for 24 h. In subsequent therapy, the fluorescence
of'the cells was examined with a fluorescent microscope
at 200X magnification after washing with Phosphate-
Buffered Saline (PBS).

Measurement of oxidative stress indicators:

The cardiac fibroblasts were homogenized (10 %,
w/v) for measuring oxidative stress biomarkers. The
cell lysate was then frozen at -80° in the refrigerator.
A commercial kit was used to assess Malondialdehyde
(MDA) (SO131S, Beyotime, Shanghai, China),
Superoxide Dismutase (SOD) (S0109, Beyotime),
and Catalase (CAT) (S0051, Beyotime) activities,
and a previously described procedure was utilized to
determine the degree of oxidative stress®’.

Cellular immunofluorescence:

The method of immunofluorescence was executed
Special Issue 3, 2024

in accordance with the established protocol®!.
Fibroblasts of the cardiac origin in mice were retrieved
from cryosections. Following a series of three rinses
in PBS, the specimens were treated with Terminal
Deoxynucleotidyl Transferase dUTP Nick End Labeling
(TUNEL) (C1086, Beyotime) and 4,6-Diamidino-
2-Phenylindole (DAPI) (S0063, Beyotime) and
subsequently observed using an inverted microscope
(IX51, Olympus, Japan).

Measurement of inflammatory cytokines:

The inflammatory cytokines levels in H9¢2 cells lysate
were assessed using an Enzyme-Linked Immunosorbent
Assay (ELISA). Supernatants were collected after
various treatments, and (IL-1p, MLBO0OC), IL-6 (IL-6,
M6000B), and Tumor Necrosis Factor-Alpha (TNF-a)
(TNF-0, MTA00B) levels were evaluated using ELISA
kits (R&D Systems Inc, Minneapolis, Minnesota,
United States of America (USA)). The amount of
cytokines was represented in pg/ml.

Real-Time quantitative Polymerase Chain Reaction
(RT-qPCR):

HO9c2 cells’ total RNA was isolated via the TRIzol
method (Invitrogen) and employed as templates (1
pg) for cDNA synthesis utilizing a PrimeScript RT
Reagent kit (TaKaRa Bio Inc, Dalian, China). RT-qPCR
analysis was conducted using a Takara SYBR Green
RT-gPCR kit on an applied Biosystems 7500 real-time
PCR system (California, USA), with Glyceraldehyde
3-Phosphate Dehydrogenase (GAPDH) serving as
an endogenous control. The PCR primer sequences
utilized in the study are presented in Table 1. The RT-
gPCR conditions comprised a 7 min denaturation step
at 95°, followed by 40 cycles of 15 s at 95° and 1 min at
60°. The relative messenger RNA (mRNA) expression
levels were determined using the 222 method™?.

Western blotting:

We used Radio-Immunoprecipitation Assay (RIPA)
lysis buffer to extract total protein and measured
protein concentration with a Bicinchoninic Acid (BCA)
protein assay kit (Beyotime Biotechnology, China).
Subsequently, we used 10 % Sodium Dodecyl Sulphate-
Polyacrylamide Gel Electrophoresis (SDS-PAGE) to
separate protein samples (50 pg) and then transferred
them to the Polyvinylidene Difluoride (PVDF)
membranes. The membranes underwent blocking with
5 % low-fat milk and were then exposed to primary
antibodies targeting CIAPIN1 (1:500, GTX111212,
rabbit polyclonal, GeneTex), SIRT1 (1:500, sc-74465,
mouse monoclonal, Santa Cruz), TXNIP (1:500,
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ab188865, rabbit monoclonal, Abcam), NLRP3 (1:500,
ab263899, rabbit monoclonal, Abcam), and caspase-1
pl0 (1:500, sc-392736, mouse monoclonal, Santa
Cruz). The membranes were treated with Horseradish
Peroxidase (HRP)-linked secondary antibodies.
GAPDH (1:2000, ab8245, mouse monoclonal, Abcam)
was used as an internal control. The bands were
observed using Electrochemiluminescence (ECL)
(Thermo, Waltham, Massachusetts, USA) and analyzed
with ImagelJ software.

Statistical analysis:

Data were presented as mean+Standard Deviation (SD)
for quantitative variables and number (%) for category
variables. All statistical analyses were done using
Statistical Package for the Social Sciences (SPSS)
Software 20.0 (SPSS Inc., Chicago, Illinois, USA).
Quantitative data were examined using the student
t-test, while categorical data were evaluated using the
Chi-square (y?) test. Pearson correlation was used to
investigate the relationships between CIAPIN1 and
clinical markers. In cell experiments, the one-way
Analysis of Variance (ANOVA) was employed to
determine differences between three or more groups,
followed by the Bonferroni post hoc test. A statistically
significant difference was defined as p<0.05.

RESULTS AND DISCUSSION

To investigate the expression of CIAPINI in LPS-
induced myocardial tissue of mice, mice were
intraperitoneally injected with LPS (10 mg/kg). After
24 h, the mice were anesthetized by pentobarbital
sodium injection and sacrificed to obtain myocardial
tissue. IHC analysis was carried out to examine the
expression of CIAPIN1 and IL-1B in the myocardial
tissue of mice. The results showed that CIAPINI
expression was decreased, whereas IL-1p increased in
LPS-induced myocardial tissue, and the same trends of
CIAPINTI and IL-1P expressions were observed in the
RT-qPCR analysis (fig. 1A and fig. 1B). In addition, the
genes of inflammatory factors, such as IL-13, TNF-a

and IL-6 expressions, were raised in the myocardial
tissue of mice (fig. 1C-fig. 1E). Furthermore, ELISA
was carried out to measure the serum concentrations of
IL-1B, TNF-a and IL-6. The results showed increased
IL-1B, TNF-a and IL-6 expression in plasma serum
(fig. 1F-fig. 1H).

To investigate the expression of CIAPINI in
cardiomyocytes induced by LPS, the H9¢2 cells were
treated with different doses of LPS (0, 0.5, 1, 2.5, 5, and
10 pg/ml) for 24 h. Cell viability was assessed through
an MTT assay, which showed no adverse effects on the
cells as seen in fig. 2A. The levels of CIAPIN1T mRNA
were evaluated by RT-qPCR analysis. The results
demonstrated that the expression of CIAPINI mRNA
levels was decreased with increasing LPS doses (fig.
2B). Further, the Western blot analysis was performed
to estimate the expression pattern of CIAPIN1 with
several LPS doses and observed CIAPIN1 expression
was gradually reduced with increasing LPS doses
(fig. 2C). The consistent results were found after
quantification of the protein blots (fig. 2D).

To evaluate the CIAPIN1 levels in the H9c2 cells after
transfection with pcDNA3.1-CIAPIN1 or Ad-NC.
We transfected H9c2 cells with pcDNA3.1-CIAPIN1
or Ad-NC and performed Western blot analysis. The
results showed that pcDNA3.1-CIAPIN1 expression
increased compared to Ad-NC (fig. 3A). H9¢2 cells were
modified with pcDNA3.1-CIAPIN1 or Ad-NC and then
exposed to LPS (5 pg/ml) for 24 h. To determine the
impact of CIAPIN1 overexpression on cell viability, an
MTT assay was performed, and no adverse effects were
observed on infected cells (fig. 3B). Annexin V-FITC
double staining was used to assess cell apoptosis and
then analyzed using flow cytometry. The sum of early
apoptotic cells (lower right quadrant) and late apoptotic
cells (upper right quadrant) was calculated to determine
the apoptotic rate. The results demonstrated that the
apoptotic rate was inhibited in transfected cells with
pcDNA3.1-CIAPIN1 group cells (fig. 3C and fig. 3D).

TABLE 1: LIST OF OLIGONUCLEOTIDE SEQUENCES USED IN THIS STUDY

Genes Forward primer (5'-3) Reverse primer (5-3')

Mouse CIAPIN1 GGAGTTTGGGATCTCCCCTG ACCCGACAGAATGACATCGAA
Mouse IL-18 CAGGATGAGGACATGAGCACC CTCTGCAGACTCAAACTCCAC
Mouse TNF-a ATGAGAAGTTCCCAAATGGCC TCCACTTGGTGGTTTGCTACG
Mouse IL-6 GGAAATCGTGGAAATGAG GCTTAGGCATAACGCACT

Rat IL-18 CCTGTGTGATGAAAGACGG TATGTCCCGACCATTGCTG

Rat TNF-a CCGATTTGCCATTTCATACC TCACAGAGCAATGACTCCAA

Rat IL-6 GTTGCCTTCTTGGGACTGAT TACTGGTCTGTTGTGGGTGG
Mouse GAPDH ACTCCACTCACGGCAAATTC TCTCCATGGTGGTGAAGACA
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Fig. 1: CIAPIN1 expression in myocardial tissue of mice after LPS treatment. (A): Representative image of CIAPIN1 and IL-1p by
IHC in myocardial tissue of mice (magnification 200X); (B): CIAPIN1 and genes of inflammatory factors; (C): IL-1p; (D): TNF-a;
(E) IL-6 in myocardial tissue of mice; (F) IL-1B; (G): TNF-a and (H): IL-6

Note: Data are presented as mean+SD (n=8 in each group), and analyzed using T test, ***p<0.001 vs. control group
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Fig. 2: CIAPIN1 expression in cardiomyocytes is downregulated after LPS treatment. H9¢c2 cells treated with 0, 0.5, 1, 2.5, 5,
and 10 pg/ml LPS for 24 h. (A): The cell viability was determined by MTT assay; (B): The CIAPIN1 mRNA levels were deter-
mined by RT-qPCR; (C): Representative gel blots of CIAPIN1 by Western blotting and (D): These protein blots were quantified by
normalizing to GAPDH

Note: Data are presented as mean+SD in triplicates, and analyzed using one-way ANOVA and Bonferroni test was used for the
post-hoc test., *p<0.05 and ***p<0.001
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Fig. 3: CIAPIN1 overexpression attenuated cardiomyocytes proliferation and apoptosis induced by LPS. (A): H9¢2 cells transfected
with pcDNA3.1-CIAPIN1 or Ad-NC were treated with LPS (5 pg/ml) for 24 h; (B): The effect of CIAPIN1 overexpression on cell
viability was assessed by MTT assay; (C): Cell apoptosis was assessed by Annexin V-FITC double staining and analyzed by flow
cytometry; (D): Flow cytometry; (E): TUNEL staining of H9¢2 cells and (F): Quantification of TUNEL positive cells relative to
DAPI positive cells

Note: Data are presented as mean+SD in triplicates, and analyzed using one-way ANOVA and Bonferroni test was used for the
post-hoc test., ***p<0.001 vs. control group and *#p<0.001 vs. LPS group
Special Issue 3, 2024

Indian Journal of Pharmaceutical Sciences 367



www.ijpsonline.com

TUNEL staining of H9¢c2 cells showed significantly
reduced expression of the LPs+LV-CIAPIN1 group,
and the same trends were observed after quantification
of the TUNEL staining cells (fig. 3E and fig. 3F). To
study the impact of CIAPIN1 overexpression on cellular
ROS production in LPS-induced cardiomyocytes, DHE
staining of H9¢c2 cells was carried out. The results
showed that LPS and LPS+LV-control groups of
cells raised the cellular ROS production. In contrast,
the LPS+LV-CIAPIN1 group potentially reduced it
(fig. 4A). After quantification of DHE-positive cells
relative to DAPI-positive cells, we observed the same
consistent results (fig. 4B). Further, we investigated
the effect of CIAPIN1 overexpression on oxidative
stress in LPS-induced cardiomyocytes; we performed
the colorimetric method to determine oxidative stress
indicators in the lysate of H9c2 cells, and the levels of
MDA, SOD and CAT. The results demonstrated that
LPS and LPS+LV-control groups of cells increased the
level of MDA while decreasing the levels of SOD and
CAT. On the other hand, opposite levels of MDA, SOD,
and CAT were observed for the LPS+LV-CIAPIN1
group (fig. 4C-fig. 4E).

We performed the RT-qPCR and ELISA analysis
to evaluate the potential impact of CIAPINI
overexpression on LPS-induced inflammation in the
H9c2 cells. The mRNA levels of pro-inflammatory
cytokines in the H9c2 cells, including IL-13, TNF-a,
and IL-6, were determined using RT-qPCR. Our data

Control LPS

DAPI

DHE

MDA (pmolimgPro) O
3 2

LPS+LV-con

showed that LPS and LPS+LV-control groups of cells
enhanced the levels of IL-1B, TNF-a, and IL-6. In
contrast, the LPS+LV-CIAPINI group significantly
decreased it (fig. 5A-fig. 5C). In addition, IL-1B, TNF-a,
and IL-6 levels were determined using ELISA in the
culture media of H9¢2 cells. The results demonstrated
that LPS and LPS+LV-control groups of cells increased
the levels of IL-1B, TNF-a, and IL-6. On the other
hand, the LPS+LV-CIAPIN1 group potentially reduced
it (fig. SD-fig. 5F).

To examine the potential effect of CIAPINI
overexpression on NLRP3 inflammasome activation
in LPS-induced cardiomyocytes via SIRT1, the H9¢c2
cells were stained with NLRP3 and DAPI fluorescence.
The cytoplasm green fluorescence showed high
expression of NLRP3 protein in the LPS+LV-CIAPIN1
group compared with LPS and LPS+LV-control
groups of cells (fig. 6A). Further, we carried out the
Western blot analysis to see the effect of CIAPINI
overexpression on NLRP3 inflammasome activation
in LPS-induced cardiomyocytes via SIRT1. The results
demonstrated that SIRT1 expression was increased in
the LPS+LV-CIAPINI group than LPS and LPS+LV-
control groups of cells. On the other hand, TXNIP,
NLRP3, and caspase-1 pl0 protein expressions were
decreased in the LPS+LV-CIAPIN1 group than LPS and
LPS+LV-control groups of cells (fig. 6B). Moreover,
quantification analysis of SIRT1, TXNIP, NLRP3, and
caspase-1 pl0 protein blots were showed the same
trends of expression patterns (fig. 6C-fig. 6F).

LPS+LV-CINPIN1

Fig. 4: CIAPIN1 overexpression suppresses cellular ROS production and oxidative stress in LPS-induced cardiomyocytes. (A):
Representative images of DHE staining of H9¢2 cells; (B): Quantification of DHE positive cells relative to DAPI positive cells; (C):

MDA; (D): SOD and (E): CAT, were quantified

Note: Data are presented as mean+SD in triplicates, and analyzed using one-way ANOVA and Bonferroni test was used for the
post-hoc test., ***p<0.001 vs. control group and *#p<0.001 vs. LPS group
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Fig. 5: CIAPIN1 overexpression suppresses LPS-related inflammation. (A-C): The mRNA levels of pro-inflammatory cytokines in
the H9¢c2 cells, including IL-1p, TNF-a, and IL-6, were determined using RT-qPCR and (D-F): The levels of IL-1p, TNF-0, and IL-6
were determined using ELISA in the culture media of H9c2 cells

Note: Data are presented as mean SD in triplicates, and analyzed using one-way ANOVA and Bonferroni test was used for the
post-hoc test., ***p<0.001 vs. control group and *#p<0.001 vs. LPS group
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Fig. 6: CIAPIN1 overexpression suppresses NLRP3 inflammasome activation in LPS-induced cardiomyocytes via SIRT1. (A):
Cells were stained with NLRP3 and DAPI fluorescence; (B): Representative gel blots of NLRP3 by Western blotting and (C-F):
Quantification analysis of SIRT1, TXNIP, NLRP3, and caspase-1 p10 protein bands, which are normalized to GAPDH

Note: Data are presented as mean+SD in triplicates, and analyzed using one-way ANOVA and Bonferroni test was used for the post-
hoc test., ***p<0.001 vs. control group and *#p<0.001 vs. LPS group

The present research investigated the potential impact
of CIAPIN1 on LPS-induced myocardial injury.
The results showed that CIAPIN1 attenuated in the
LPS-induced myocardial tissue of mice. In LPS-
induced H9c2 cardiomyocytes, CIAPIN1 expression
is downregulated. Overexpression of CIAPINI
inhibits proliferation and apoptosis in cardiomyocytes.
In addition, overexpression of CIAPIN1 reduced
cellular ROS generation and oxidative stress in

Special Issue 3, 2024
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LPS-induced cardiomyocytes. Moreover, CIAPINI1
overexpression reduced inflammation produced by
LPS. Furthermore, CIAPIN1 overexpression inhibited
NLRP3 inflammasome activation in LPS-induced
cardiomyocytes via SIRT1. Therefore, the study results
demonstrated that CIAPIN1 could protect against LPS-
induced myocardial injury.

CIAPIN1 is a regulatory molecule found on the long
arm of chromosome 16. Shibayama et al.!'¥, identified
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it as a rat sarcoma signal transduction pathway
component, distinct from apoptotic B cell lymphoma
2 or the cysteine-dependent aspartate-directed protease
family. CIAPINTI is abundantly distributed throughout
healthy fetal and adult tissues and in differentiated and
metabolically active tissue!'”. However, investigations
have revealed that its expression is suppressed in
some malignant tissues, including gastric cancer and
clear cell renal cell carcinoma”?*. Our previous
research identified that CIAPIN1 levels were down
regulated in sepsis patients and were shown to be
highly related to clinic pathological indicators of sepsis
patients. However, in this current research, mice were
intraperitoneally injected with LPS (10 mg/kg) to
evaluate the expression of CIAPIN1 in LPS-induced
myocardial tissue of mice. We found that CIAPINI
expression was decreased in the myocardial tissue of
mice.

Sepsis-induced myocardial damage and cardiac
dysfunction are thought to be caused by a variety of
processes, with inflammation being a key factor.
During the pathogenic phase of sepsis, immune cells
create large quantities of inflammatory cytokines.
Inflammatory cytokines can induce neutrophils to enter
the myocardium, impede B-adrenergic signaling, disrupt
energy metabolism, alter calcium homeostasis, and drive
excess nitric oxide generation, resulting in myocardial
damage and reduced contractility™2"1, Myocardial
cells, like immune cells, release inflammatory factors,
including IL-1p and TNF-a when stimulated by LPSP"),
These cytokines interact with one another to produce
positive feedback loops, exacerbating inflammatory
responses and causing heart dysfunction. Furthermore,
data suggests that decreasing inflammatory responses
might alleviate sepsis-induced cardiac injury?®.
However, our research found that LPS induced cardiac
tissue damage, resulting in elevated levels of IL-1,
TNF-a, and IL-6 in plasma and equivalent mRNA
levels in cardiomyocytes. However, in the LPS+LV-
CIAPINI1 group, these pathological alterations were
reduced, showing that CIAPIN1 improved myocardial
damage via anti-inflammatory impacts.

NLRP3 mediates innate immune protection against
pathogenic infections®. The NLRP3 inflammasome
has been linked to a variety of heart conditions,
including myocardial infarction, sepsis-induced
myocardial dysfunction, diabetic cardiomyopathy,
and cardiac ischemia-reperfusion damagel!®?®l. The
NLRP3 inflammasome comprises caspase-1 apoptosis-
associated speck-like protein (ASC) and NLRP3. The
NLRP3 inflammasome activates caspase-1 clusters,
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which then become active. Activated caspase-1
promotes the maturation of IL-1p. It was shown that
inhibiting NLRP3 inflammasome activation in cardiac
tissue might reduce sepsis-induced myocardial damage
and cardiac dysfunction®!. Therefore, the activity of
the NLRP3 inflammasome in cardiomyocytes was
investigated further. In addition, SIRT1 has inhibited
NLRP3 inflammasome activation”. However, our
present research showed that SIRT1 expression was
increased in the LPS+LV-CIAPIN1 group while
TXNIP, NLRP3, and caspase-1 p10 protein expressions
were decreased. The results suggest that CIAPIN1
overexpression inhibited NLRP3 inflammasome
activation in LPS-induced cardiomyocytes via SIRT1.

Our study has several limitations. Our study employed
a preventative procedure rather than a curative one. We
also needed to build up a positive control group. Future
studies should include the therapy methodology and
positive control group to create a solid foundation for
the practical use of CIAPIN1 in the treatment of sepsis-
induced cardiac damage.

CIAPINI may alleviate LPS-induced myocardial
damage and cardiac dysfunction by reducing NLRP3
inflammasome activation, providing an effective
approach for treating and preventing myocardial injury
in sepsis.
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