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Upregulated IRF9 promotes cell apoptosis of hyperlipidemia acute

pancreatitis with heart injury by regulating SIRT1
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Abstract: Hyperlipidemia acute pancreatitis (HLAP) is a significant cause of AP, characterized by recurrent attacks, more
complications and high incidence and mortality. HLAP is often accompanied by single or multiple organ damage.
Negative regulation of interferon-regulatory factor 9 (IRF9) on sirtuin-1 (SIRT1) contributes to a range of diseases.
However, the function of IRF9 and SIRT1, and the relationship of the two in HLAP with heart injury remain to be
illustrated so far. Animal models of HLAP were set up by feeding with high-fat chow and subsequently injecting 20%
L-arginine intraperitoneally. The degree of pancreas and heart tissue injury was evaluated. Heart cell apoptosis was
assayed by the TUNEL technique. IRF9, SIRT1, p53 and acetylated p53 (Ac-p53) expression levels were measured by
qRT-PCR and western blot. The correlation between SIRT1 and IRF9 expression levels was analyzed. Results showed
that the damage degree in rat pancreas and heart tissues of AP and HLAP group was more distinctly and heart cell
apoptosis was elevated. Pancreas, heart injury and cell apoptosis of the HLAP group were more remarkable than that
of the AP group. Apparent increases of IRF9 and Ac-p53/p53 expression and a marked drop of SIRT1 expression
were observed in the AP and HLAP group rather than NC and HLNC group. IRF9 and Ac-p53/p53 expression levels
of the HLAP group were markedly raised compared with the AP group. SIRT1 expression of the HLAP group was
obviously lower than that of the AP group. There was an inverse correlation between the decrease of SIRT1 and the
increase of IRF9 in AP and HLAP groups. Based on the above findings, we drew a conclusion that in pancreatitis
with heart injury, upregulated IRF9 inhibited SIRT1 expression, elevated the acetylation of p53, and increased
myocardial cell apoptosis. Hyperlipidemia further exacerbated pancreas and heart injury and accelerated myocardial

cell apoptosis. These results would furnish an experimental and theoretical basis to diagnose and therapy diseases.

Abbreviations IL-1p: interleukin-1f

HLAP: hyperlipidemia acute pancreatitis TNF-a: tumor necrosis factor a

AP: acute pancreatitis HE: hematoxylin and eosin

IRF9: interferon-regulatory factor 9 Ac-p53: acetylated p53

SIRT1: sirtuin-1 qRT-PCR: quantitative real-time PCR

ISGs: interferon-stimulated genes FFA: free fatty acids

I/R: ischemia and reperfusion

AML: acute myeloid leukemia .

NC: normal control Introduction

HLNC: hyperlipidemia normal control Acute pancreatitis (AP) is an acute inflammatory disorder
SD: Sprague-Dawley characterized by the excessive activation and self-digestive of
TG: triglycerides trypsin, usually associated with several local and systemic
CK-MB: creatine kinase MB isoenzyme complications (Johnson et al., 2014). The incidence of AP is
LDH: lactate dehydrogenase increasing around the world, and the death rate of AP is
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about 10%-15%. The major cause of high incidence and
death rate of AP is systemic inflammatory response syndrome
and multiple organ dysfunctions (Johnson et al., 2014).
Hyperlipidemia is also another noteworthy cause of AP
following gallstones and alcohol and accounts for up to 10%
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of total cases (Valdivielso et al., 2014; Ewald et al, 2009;
Papachristou et al., 2017). Especially in China, the incidence
rate has reached 15%-20% (Forsmark ef al., 2016). Previous
reports have suggested that up to 26% of patients with
hyperlipidemia recurrent attack AP in their lifetime (Lloret
Linares ef al., 2008; Carr et al, 2016). Some studies have
shown that hyperlipidemia can cause a more severe systemic
inflammatory response and multiple organ dysfunctions in
AP patients (Zhou et al,, 2015). Compared with other types
of AP, hyperlipidemia acute pancreatitis (HLAP) is
characterized by more complications and a higher
recurrence rate.

At all stages of AP, the occurrence of heart injury may be
alone or along with other organ systems. The common cardiac
manifestations, including arrhythmia, cardiogenic shock,
toxic myocarditis, myocardial infarction, pericarditis, and
hydropericardium are frequent among the multi-organ
system dysfunctions in AP. Electrocardiographic and
echocardiographic  changes have been reported in
approximately 50% of AP patients (Buch et al., 1980; Khairy
and Marsolais, 2001; Bauerlein and Stobbe, 1954; Ates et al.,
2005; Pezilli et al., 1999; Rubio-Tapia et al., 2005; Easwaran
and Shah, 1987; Pezzilli et al, 1996; Yegneswaran et al,
2011; Meuleman et al, 2011; Albrecht and Laws, 2003;
Makaryus et al., 2008, Mautner et al., 1982). Pericardial
effusion has also been seen in 14%-48% AP patients (Pezilli
et al., 1999; Mautner et al., 1982; Variyam and Shah, 1987;
Maringhini et al., 1996). The early onset of a persistent
single-organ dysfunction or multiple organ dysfunctions in
AP is related to poor outcomes (Yegneswaran et al., 2011).

As a member of the interferon regulatory factor (IRF)
family, IRF9 is first discovered as a part of the component
named interferon-stimulated gene factor 3 (ISGF3) (Fu
et al., 1990). IRF9 is best recognized as a transcription factor
that participates in the regulation of downstream ISGs
expressions (Veals et al, 1992; Improta et al., 1994). IRF9
also performs a major function in the modulation of cell
differentiation, proliferation and apoptosis, inflammation
process, immune cell regulation, tumor formation and
ischemia and reperfusion (I/R) (Wan et al, 2018; Smith
et al., 2017; Huber et al., 2017; Luker et al., 2001; Wang et
al., 2015; Zhang et al., 2014; Chen et al., 2014; Zhang et al.,
2014; Tian et al., 2018; Jiang et al., 2014; Rauch et al., 2015).

Sirtuin-1 (SIRT1), also known as an NAD-+-dependent
histone deacetylase, plays an important role in regulating
glucose-lipid metabolism, oxidative stress, cellular senescence/
aging and apoptosis, DNA damage, and tumor formation
(Chalkiadaki and Guarente, 2015). Previous reports have
shown that the expression of SIRT1 is down-regulated by IRF9
in the process of I/R injury, vascular injury, subarachnoid
hemorrhage, and acute myeloid leukemia (AML) (Wan et al,
2018; Wang et al., 2015; Zhang et al., 2014; Chen et al., 2014;
Tian et al,, 2018; Zhang et al., 2014). IRF9 inhibits the activity
of SIRT1, elevates the expression of acetylated proteins (such
as p53, NF-xB) in the downstream, thus mediating cell
apoptosis and proliferation in response to I/R injury (Wan
et al., 2018; Wang et al., 2015; Zhang et al., 2014; Chen et al,
2014). And our previous researches have shown that IRF9
functions as an inhibitor to suppress SIRT1 in AP and HLAP
with kidney injury (Liu et al., 2020). Nevertheless, the function
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of IRF9 and SIRT1 as well as the relationship of the two in
HLAP with heart injury remain to be elucidated until now.
This research is aimed to expound on the function of IRF9
and SIRT1, and whether the negative connection of IRF9 and
SIRT1 also exists in HLAP with heart injury.

Materials and Methods

Animals

Male Sprague-Dawley (SD) rats used in this study, weighing
approximately 300-350 g, were purchased from the
experimental animal center of Anhui medical university.
Animals were raised under the laboratory condition (a
standard circadian rhythm at 22 + 2°C, given water and
standard laboratory chow ad libitum) for a minimum of one
week to acclimate the condition. The experimental protocol
was approved by the Animal Ethics Committee of Anhui
Medical University.

Experimental design and procedures

A hyperlipidemia rat model was developed by high-fat diet
feeding. SD rats were randomly assigned to 4 groups:
normal control (NC, n = 10), acute pancreatitis (AP, n =
10), hyperlipidemia normal control (HLNC, n = 10) and
hyperlipidemia acute pancreatitis (HLAP, n = 10). As
described in Tab. 1, HLNC and HLAP group were feed with
a high-fat chow. NC and AP groups were given a normal
chow. After 12 weeks, all rats were fasted for 12 h feeding
before the AP model was established. Then animals of the
AP and HLAP groups were treated with an intraperitoneal
administration of 20% L-arginine (2000 mg/kg) (Solarbio,
Beijing, China), and animals of the NC and HLNC group
were treated with normal saline (Nanjing JianCheng
Biotechnology Co. Ltd., Nanjing, Jiangsu, China) in the
same way. Blood samples were obtained from the tail veins
after 24 h injection. Sodium pentobarbital (40 mg/kg)
(Sigma, USA) was injected intraperitoneally to anesthetize
the animals. Subsequently, all rats were sacrificed, pancreas
tissues and heart tissues were collected and fixed with 4%
paraformaldehyde in PBS and embedded by paraffin.

TABLE 1

Compositions of the experimental chow

Name Fat Ingredient

4.4% Milho (73.5%)

Bran (20%)

Fishmeal (5%)

Flour (1%)

Salt (0.5%)

Normal diet (78.8%)
Cholesterol (1%)

Bile salt (0.2%)

Egg yolk powder (10%)

Lard (10%)

Normal chow

High-fat chow 31.5%
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Biochemical assays

Rat blood was centrifuged at 8000xg for 20 min at 4°C to
obtain supernatants for following analysis. The levels of
triglycerides (TG), lipase, amylase, creatine kinase MB
isoenzyme (CK-MB), and lactate dehydrogenase (LDH)
were determined with commercial kits (Nanjing JianCheng
Biotechnology Co. Ltd., Nanjing, Jiangsu, China) according
to the manufacturer’s instruction.

Measurement of serum inflammatory cytokines levels
Inflammatory cytokines levels, including interleukin-1f (IL-
1B) and tumor necrosis factor-a (TNF-a), were detected
respectively with ELISA Kits (Nanjing JianCheng
Biotechnology Co. Ltd., Nanjing, Jiangsu, China) according
to the manufacturer’s instructions.

Histopathologic analysis

Paraffin blocks of the pancreas and heart tissues were
sectioned and stained with hematoxylin and eosin (HE).
The injury degree of the pancreas and heart tissues was
observed by light microscopes. Two blinded investigators
with expertise scored the pathological change of pancreas
and heart tissues for evaluating the severity of inflammation,
edema, and necrosis, as described previously in Tabs. 2 and
3 (Schmidt et al., 1992; Tanwar et al., 2010).

Western blotting analysis

Total proteins were extracted from rat heart tissues with a
protein extraction kit (Beyotime, Shanghai, China). The
concentration of proteins was determined using BCA Protein
Assay Kit (Beyotime, Shanghai, China). Equal amounts of
protein samples were separated by 10% SDS-PAGE gel
electrophoresis  (Beyotime, Shanghai, China) and then
transferred onto a 0.45 um PVDF membrane (Millipore,
USA). Subsequently, membranes were blocked with 5% milk
for 2 h and then incubated overnight at 4°C with anti-rat
antibodies (anti-IRF9, anti-SIRT1, anti-p53, anti- Ac-p53,
anti-p-actin) (Abcam, USA). Next, membranes were
incubated with anti-rabbit antibodies (Abcam, USA). After
TBST washing, immunoreactive proteins were detected by the
ECL chemiluminescent substrate (Beyotime, Shanghai, China).

Quantitative real-time PCR (qRT-PCR) analysis

Total RNA samples from heart tissues were isolated with
TRIzol reagent (Beyotime, Shanghai, China), and cDNA
strands were synthesized using the reverse transcription
system (Sangon Biotech, Shanghai, China) according to the
manufacturer’s instructions. Then qRT-PCR amplifications
were quantified using SYBR Green reagent (Vazyme,
Nanjing, Jiangsu, China) under the following conditions:
95°C for 3 min, followed by 40 cycles of 95°C for 5 s, 60°C
for 15 s, 72°C for 25 s. The primer pairs used in this study
were: IRF9 (F: 5-TTAAGGAAAAGCACAAAGACGG-3, R:
5-CCTGCTGGCAGTATTCGATATA-3), SIRT1 (F: 5-
CAGTTCCAGCCATCTCTGTGTCAC-3’, R: 5-GATTCCT
GCAACCTGCTCCAAGG-3’), GAPDH (F: 5-GCTGGTG
CCGAGTATGTT-3, R 5-CAGAAGGTGCGGAGATGA-3).
The mRNA expression of target genes was normalized
to GAPDH gene expression using the 27 method
(Taylor et al., 2019).

TUNEL staining

The TUNEL staining was performed to detect the apoptosis of
heart tissues by using DeadEnd™ Fluorometric TUNEL System
(Promega, USA) according to the manufacturer’s protocols as
described previously (Liu et al., 2020).

Data analysis

All data analyses were performed using SPSS software (version
18.0), and results were shown as mean + standard deviation.
Statistical differences in various groups were assessed by the
t- test. Three biological replicates were performed. P < 0.05
represented a statistically significant difference.

Results

Serum TG, lipase, amylase, CK-MB, LDH, and inflammatory
cytokines levels of various groups

As shown by the result of the biochemistry assay in Fig. 1A,
serum TG levels were substantially elevated in the HLNC
and HLAP group compared with those in NC and AP
group (P < 0.05). High-fat diet feeding induced
hyperlipidemia model establishment successfully. Serum
lipase, amylase, CK-MB, and LDH levels were higher in the

TABLE 2

Histopathological criteria and grading severity score of AP

Scores Inflammation cell infiltration

Interstitial edema

Acinar necrosis

0 0-5 intralobular or perivascular leukocytes/  Absent Absent
HPF

1 6-15 intralobular or perivascular leukocytes/  Diffuse expansion of interlobar Diffuse occurrence of 1-4 necrotic cells/
HPF septae HPF

2 16-25 intralobular or perivascular leukocytes/ Diffuse expansion of interlobular Diffuse occurrence of 5-10 necrotic cells/
HPF septae HPF

3 26-35 intralobular or perivascular leukocytes/ Diffuse expansion of interacinar Diffuse occurrence of 11-16 necrotic cells/
HPF septae HPF

4 >35 intralobular or perivascular leukocytes/  Diffuse expansion of intercellular ~ >16 necrotic cells/HPF
HPF spaces
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rats of AP and HLAP groups than those in NC and HLNC
groups, especially highest in the HLAP group (P < 0.05; Figs.
1B, 1C, 1D, and 1E). Results of the ELISA analysis exhibited
that serum IL-1p and TNF-a levels were obviously raised in
AP and HLAP groups compared with NC and HLNC
groups, particularly highest in the HLAP group (P < 0.05,
Fig. 1F). 20% L-arginine injection led to significant increases
in serum lipase, amylase, CK-MB, LDH, IL-1B, and TNF-a
levels of AP and HLAP group (P < 0.05; Figs. 1B-1F).

Pancreatic and cardiac damage evaluation of various groups

Rat tissue samples were stained with hematoxylin and eosin
(HE) to detect histopathology features of the pancreas and
the heart under an optical microscope. Inflammatory cell
infiltration, interstitial tissue edema, and necrosis were
evaluated in the tissues of each group of rats. There were
almost no obvious pathological changes in the pancreas and
heart tissues of the NC group. The HLNC group exhibited a
small amount of inflammatory cell infiltration, edema, and
necrosis in the pancreas tissues and heart tissues. The
pancreas tissues of AP and HLAP groups presented
inflammatory cell infiltration, interstitial tissue edema, and
necrosis with varying degrees (Fig. 2A). The heart tissues of
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AP and HLAP groups presented swelling and fracturing of
the myocardial fiber and inflammatory cell infiltration
(Fig. 2A). The scores of individual histopathological
parameters and total pathological scores showed that the
damage of the pancreas and heart tissues in the HLNC
group was elevated compared with the NC group (Figs. 2B,
2C, 2D, and 2E). The injury degree of the pancreas and
heart tissues in AP and HLAP groups was more obvious
compared with NC and HLNC groups, especially most
obvious in the HLAP group (Figs. 2B-2E).

We next analyzed the level of apoptosis in several groups
(i.e., NC, HLNC, AP, and HLAP groups). Fig. 3 exhibited that
the myocardial cells of NC and HLNC groups were almost
normal. Some myocardial cell apoptosis was presented in
the AP group. Amounts of myocardial cell apoptosis were
also observed in the HLAP group. The myocardial cell
apoptosis of the HLAP group was more starkly compared
with the AP group (Fig. 3).

IRF9, SIRT1, p53 and Ac-p53 protein expression of heart tissues
of various groups

Results in Fig. 4 demonstrated that substantial increases of
IRF9, p53, and Ac-p53 expression in AP and HLAP groups
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FIGURE 1. Serum TG, lipase, amylase, CK-MB, LDH, and inflammatory cytokines levels of the rats. TG (A), Lipase (B), Amylase (C), CK-MB
(D), LDH (E), and Relative inflammatory cytokines (IL-1p, and TNF-a) (F) levels of various groups. &p < 0.05 vs. NC and AP group. *P < 0.05

vs. NC and HLNC group. *P < 0.05 vs. NC, HLNC, and AP groups.

TABLE 3

Histopathological criteria and grading severity score of heart injury

Scores Inflammation Interstitial edema Necrosis

0 Absent Absent Absent

1 Focal area Focal area Focal area

2 Patchy area Patchy area Patchy area

3 Confluent areas Confluent areas Confluent areas
4 Massive areas Massive areas Massive areas
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FIGURE 2. Histopathology features and scores of pancreas and heart tissues of various groups. (A) Histopathology changes of pancreas and
heart of various groups (Inflammation was indicated by black arrow signs) scale as 200 um, (B) Scores of individual histopathological
parameters of pancreas tissues in various groups, (C) Total histological scores of pancreas tissues in various groups, (D) Scores of
individual histopathological parameters of heart tissues in various groups, (E) Total histological scores of heart tissues in various groups.
@P < 0.05 vs. NC group. *P < 0.05 vs. NC and HLNC group. *P < 0.05 vs. NC, HLNC and AP group.

were observed, while marked decrease of SIRT1 expression
in AP and HLAP groups was discovered compared
with NC and HLNC groups (P < 0.05). IRF9, p53 and Ac-
p53 expressions of the HLAP group were starkly enhanced
than the AP group, while SIRT1 expression of
the HLAP group was obviously reduced than the AP
group (P < 0.05).

IRF9 and SIRT1 mRNA expression of heart tissues of various
groups

As shown by the results of the QRT-PCR assay in Fig. 5, it
demonstrated that SIRT1 mRNA levels of AP and HLAP
groups were substantially attenuated, while the IRF9 mRNA
levels of AP and HLAP groups were markedly enhanced
compared with NC and HLNC groups (P < 0.05).
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The SIRT1 mRNA levels of HLAP group were obviously
reduced than AP group, while the IRF9 mRNA level of
HLAP group was starkly raised than AP group (P < 0.05).

Analysis on the correlativity between SIRT1 and IRF9

Results of correlation analysis in Fig. 6 indicated that IRF9 could
affect the level of SIRTI1 expression. There was an inverse
correlation between their levels of expression. The level of
SIRT1 expression was decreased as the increase of IRF9 (P < 0.05).

Analysis on the correlativity between hyperlipidemia and
damage of pancreatic and cardiac tissues

As shown in Fig. 7, correlation analysis exhibited that TG
levels could affect the damage degree of pancreas and heart

HLNC and AP group.

tissues. There was a positive correlation between TG levels
and total histological scores of pancreas and heart tissues.
The injury degree of pancreas and heart tissues was
aggravated as the increase of TG levels (P < 0.05).

Discussion

In this study, we focused on investigating the function of IRF9
and SIRT1 in AP and HLAP with heart injury. As shown in
Fig. 1A, TG levels were increased in HLNC and HLAP
groups, suggesting that the hyperlipidemia model was
established successfully. Pancreatic injury in AP and HLAP
rats manifested as elevated serum lipase and amylase levels,
increased inflammatory cytokines as reflected by serum
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IL-1P and TNF-a levels, and varying degrees of inflammatory
cell infiltration, interstitial tissue edema, and necrosis
(Figs. 1B, 1C, 1F, and 2A). Cardiac injury in AP and HLAP
rats showed elevated serum CK-MB, LDH levels, various
degrees of myocardial fiber swelling and fracturing, and
inflammatory cell infiltration (Figs. 1D, 1E, and 2A).
Histopathological injury degree of pancreatic and cardiac
tissues indicated that the tissue damage in the HLNC group
was more distinct than the NC group. And injury degree of
pancreatic in AP and HLAP groups was more remarkable
than NC and HLNC groups. Additionally, the injury degree

TG levels in HLAP (mmol/L)

connected in HLAP group.

of pancreas and heart damage of the HLAP group was
much severer compared with AP group (Figs. 2A-2E).
A large number of myocardial cell apoptosis was observed
in AP and HLAP groups. The apoptosis degree of
myocardial cells of the HLAP group was more distinct
compared with the AP group (Fig. 3).

Moreover, our results showed that the levels of IRF9 and
Ac-p53/p53 expression in AP and HLAP groups were all
enhanced rather than in NC and HLNC groups. Oppositely,
SIRT1 expression of AP and HLAP groups were attenuated
compared with that of NC and HLNC groups (P < 0.05). In
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addition, the levels of IRF9, Ac-p53/p53 expression in the
HLAP group were markedly elevated compared with the AP
group. SIRT1 expression in the HLAP group was
substantially reduced compared with the AP group (P <
0.05; Figs. 4 and 5). And inverse connection existed between
SIRT1 and IRF9. SIRT1 expression was decreased as the
increase of IRF9 in AP and HLAP groups (P < 0.05; Fig. 6).
Furthermore, there was a positive correlation between
hyperlipidemia and the damage of pancreatic and cardiac
tissues. The injury of the pancreas and heart tissues was
increased as the increase of TG levels.

AP is very common in the clinic, and the incidence of AP
was increased year by year globally. The death rate of AP has
been as high as 10%-15%. Up to 20%-30% of patients with AP
may become severe acute pancreatitis (SAP) (Frossard et al.,
2008; Bollen, 2016; Trikudanathan et al, 2019). The
mortality of SAP is up to 25%-30% (Banks et al, 2013;
Koizumi et al, 2006). In the case of several local and
systemic complications, the death rate of SAP will increase
to more than 55% (Banks ef al., 2013; Koizumi et al., 2006).
Hyperlipidemia has become one of the most common
causes of AP, and the clinical severity, the rate of
complications, and recurrence of HLAP are higher
compared with other types of AP. The prevention and
therapy of HLAP develop slowly worldwide because of the
lack of full recognition of the pathogenesis of HLAP.
Hyperlipidemia, especially increased TG levels, could expose
patients to a high risk of AP and be associated with
recurrent AP episodes (Guo et al., 2019; Wang et al., 2016).
Free fatty acids (FFA) resulting from pancreatic lipase-
induced hydrolysis of TG was substantially increased and
abundantly accumulated in the pancreas (Wang et al., 2016;
Backes et al, 2016). Subsequently, excess FFA caused
pancreatic inflammation (Backes et al., 2016). Havel (1969)
had proposed that high concentrations of FFA could self-
aggregate to form micelles and initially activated the attack
on platelets and the vascular endothelium. Finally, the
acinar cells were attacked, thus leading to ischemia and
pancreatic injury. Our observations indicated that
hyperlipidemia might increase the injury of pancreatic and
heart tissues, elevated myocardial cell apoptosis.

Previous literature had reported that IRF9 functioned as
a transcription suppressor to inhibit the expression of SIRT1
in many diseases (Wan et al., 2018; Wang et al., 2015;
Zhang et al., 2014; Chen et al, 2014; Zhang et al, 2014).
SIRT1 knockdown led to the activation of inflammatory
pathways through enhancing inflammatory gene expression,
whereas activated SIRT1 could generate anti-inflammatory
action (Shen ef al., 2017). Down-regulated SIRT1 suppressed
the deacetylation of target genes (including NF-«kB and p53),
increased acetylation of target genes, caused inflammation
and apoptosis, finally exacerbated the severity of AP (Shen
et al, 2017). Increased acetylation of p53 activated its
transcriptional activity and promoted p53-mediated cell
apoptosis (Brooks and Gu, 2011). And our previous study
had proved that IRF9 could combine with the promoter
region of SIRT1 to inhibit its expression. IRF9 was a
suppressor of SIRT1 (Liu et al., 2020). In the present study,
the results also manifested that IRF9 might function as an
inhibitor of SIRT1, elevate the acetylation level of p53,
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exacerbate the injury of pancreatic and cardiac tissues,
accelerate myocardial cell apoptosis in AP and HLAP with
heart injury.

In conclusion, these observations implied that increased
IRF9 in pancreatitis with heart injury led to the decrease of
SIRT1 expression, elevated the levels of Ac-p53, and caused
the activation of inflammation and apoptosis signaling
pathways in the downstream. What we had found might be
a vital basis to explain the disease mechanism of HLAP with
heart injury. Therefore, further research with a focus on
exploring the function and mechanism of IRF9 and SIRT1
in other organ dysfunctions of HLAP and investigating their
clinical values would provide us with novel direction,
thinking, and prospect for the treatment of HLAP.
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