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ABSTRACT: Objectives: NOD-like receptor family pyrin domain-containing (NLRP) 1-mediated pyroptosis plays
a key role in the pathogenesis of cerebral ischemia-reperfusion injury (CIRI). C-Myc is reported to play a major
role in CIRI. However, the mechanism remains unclear. This study aimed to investigate whether c-Myc affects CIRI
by regulating Serine/Arginine-rich Splicing Factor 1 (SRSF1)/NLRP1-mediated pyroptosis. Methods: Oxygen-glucose
deprivation/reperfusion (OGD/R) induced neuroblastoma cells for the establishment of an in vitro CIRI model. The
levels of c-Myc and SRSF1, cell viability, the expression of pyroptosis-related factors, and the interaction between
SRSF1 and NLRP1 were evaluated. Results: The expression of c-Myc and SRSF1 was decreased in OGD/R-induced
neuroblastoma cells. c-Myc overexpression increased c-Myc and SRSF1 expression and cell viability in OGD/R-
induced neuroblastoma cells while inhibiting NLRP1, Caspase1, apoptosis-associated speck-like protein containing a
CARD (ASC), interleukin-1beta (IL-1β), IL-18, and lactate dehydrogenase levels and pyroptosis. C-Myc was positively
correlated with SRSF1. SRSF1 low expression reversed the effects of c-Myc on the above indicators in OGD/R-
induced neuroblastoma cells. Mechanically, SRSF1 interacted with NLRP1. SRSF1 was negatively correlated with NLRP1.
The NLRP1 activator muramyl dipeptide (MDP) reversed the SRSF1 effect on OGD/R-induced neuroblastoma cells.
Conclusion: Our results indicated that c-Myc reduced OGD/R-induced neuroblastoma cell pyroptosis by inhibiting
NLRP1 activation by positive feedback SRSF1 signal. Our findings suggested that the c-Myc/SRSF1 axis might be a new
strategy for treating CIRI in the clinic.
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1 Introduction
Cerebral ischemia-reperfusion injury (CIRI) is a complex cascade of pathological and physiological

processes [1]. CIRI is harmful because it may lead to brain damage, cognitive dysfunction, neurodegenerative
diseases, and other serious consequences [2]. Recently, clinical symptomatic treatment of CIRI is mainly
based on drugs, including thrombolysis agents, antioxidants, calcium channel antagonists, and vasodilator
drugs [3,4]. However, the high fatality rate of CIRI is a health problem in the medical community, and its
complex and unclear pathogenesis hinders the development of clinical treatment [5]. In addition, during the
CIRI process, brain cells experience various harmful stimuli, such as hypoxia and ischemia, which will lead
to a series of abnormal biochemical changes in the cells, which may eventually lead to pyroptosis [6]. At the
same time, cell pyroptosis can lead to the reduction of the number of brain cells, the intensification of the
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inflammatory response, vascular damage, etc., aggravating the degree of CIRI [7]. Therefore, pyroptosis may
play an important role in the CIRI process.

NOD-like receptor family pyrin domain-containing (NLRP1) 1 is a member of the inflammasome [8].
NLRP1 activation can promote the self-shearing of the Caspase1 precursor through the protein complex
formed by the binding of Caspase1 and apoptosis-associated speck-like protein containing a CARD (ASC),
thus inducing pyroptosis [9]. C-C chemokine receptor type 5 activation promotes neuronal pyroptosis after
intracerebral hemorrhage through NLRP1 [10]. Neutrophil extracellular trap formation inhibition attenuates
neuronal pyroptosis after traumatic brain injury via NLRP1 [11]. These studies indicate that NLRP1 activation
is closely related to pyroptosis. In addition, studies have shown that curcumin can alleviate neuronal
pyroptosis in CIRI by inhibiting NLRP1 [12]. Therefore, NLRP1 activation inhibition may alleviate pyroptosis
in CIRI.

Serine/Arginine-rich Splicing Factor 1 (SRSF1) is a critical RNA splicing factor [13]. In neurological
diseases, nuclear output inhibition of SRSF1-dependent C9ORF72 duplicate transcripts can reduce neuro-
toxicity and alleviate neuronal damage [14]. In the quantitative proteome of neurons after cerebral ischemia,
SRSF1 was found to present a differentially high expression [15]. SRSF1 can play a regulatory role in the
signal transduction pathway, affecting the physiological processes of tumor cells, such as autophagy and
growth [16,17]. However, the association of SRSF1 with NLRP1 and pyroptosis in CIRI remains unclear.

Both c-Myc and SRSF1 are important transcriptional regulators and are closely related to cancer devel-
opment and progression [18]. For example, through a β-TrCP/c-Myc/SRSF1 positive feedback loop, circPVT1
promotes nasopharyngeal carcinoma metastasis [19]. LncRNA SNHG7 accelerates prostate cancer through
SRSF1/c-Myc [20]. C-Myc expression was up-regulated in CIRI [21]. Studies have shown that interferon
gamma accelerates CIRI through the extracellular signal-regulated kinase/c-Myc signaling pathway [22].
In addition, c-Myc-induced long non-coding RNA maternally expressed gene 3 triggers the Wnt/β-catenin
pathway to activate mitochondrial autophagy by upregulation of rhotekin, thus aggravating renal ischemia-
reperfusion injury [23]. However, the underlying molecular mechanism by which c-Myc induces pyroptosis
in CIRI remains unclear.

Therefore, this study aimed to explore the c-Myc mechanism of pyroptosis in CIRI. We hypothesized
that c-Myc might regulate NLRP1 expression by modulating SRSF1 signaling, thereby participating in
pyroptosis in CIRI. Our findings may provide an important supplementary reference for the development of
new therapeutic strategies in CIRI.

2 Materials and Methods

2.1 Cell Culture and Treatment
Human neuroblastoma cell lines (SH-SY5Y, AW-CCH335; and SK-N-SH, AW-CCH037; Abiowell,

Changsha, China) were cultured in Dulbecco’s modified Eagle’s medium (DMEM) (iCell-01000, Icell,
Shanghai, China) medium containing 10% fetal bovine serum (AWC0219a, Abiowell) and 1% antibiotics
(AWH0529a, Abiowell) in a 5% CO2 cell incubator at 37○C. In CIRI studies, SH-SY5Y [24–27] and SK-
N-SH cells [28–30] have been widely used as in vitro models. SH-SY5Y and SK-N-SH cells were induced
by oxygen-glucose deprivation/reperfusion (OGD/R) to construct a CIRI model in vitro. Briefly, to initiate
oxygen-glucose deprivation (OGD), SH-SY5Y and SK-N-SH cells were cultured for 4 h [31] or 6 h [29] in
a glucose-free DMEM in a three-gas incubator at 37○C, 0.5% O2, 94.5% N2, and 5% CO2, respectively. To
simulate reperfusion, the glucose-free DMEM was removed, and the cells were grown in complete DMEM at
37○C for 24 h in 95% air and 5% CO2. The cells in the control group were cultured under normal conditions
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and treated in the same way, except that they were not exposed to OGD. After OGD/R, cells were transfected
with si-SRSF1 and treated with 100 μM of the NLRP1 activator muramyl dipeptide (MDP) for 24 h [32].

2.2 Cell Transfection
Plasmids overexpression (oe)-C-Myc (HG-HO354870), oe-SRSF1 (HG-HO078166), small inter-

fering (si)-SRSF1 (HG-Si078166), and the negative control (oe-NC and si-NC) were purchased
from Changsha Abiowell Biotechnology Co., Ltd. The sequence of siRNA is as follows. si-SRSF1:
5′-ACTGCCTACATCCGGGTTAAA-3′. si-NC: 5′-UUCUCCGAACGUGUCACGUTT-3′. After the prepa-
ration of the plasmid, the Lipofectamine 2000 transfection reagent (11668500, Thermo Fisher, Waltham, MA,
USA) (5 μL) was used to transfect the overexpressed/knockdown plasmid (3 μg) into the corresponding
group. The transfection efficiency was evaluated by quantitative real-time polymerase chain reaction (qRT-
PCR) and western blotting (WB) 48 h after transfection.

2.3 Cell Counting Kit-8 (CCK-8)
The cells were seeded in 24-well plates (3 × 104 per well). 300 μL of CCK8 (C0037, Beyotime, Changsha,

China) medium mix was added to the cells. After 4 h of incubation, the optical density values of cells at
450 nm were measured using a microplate reader (MB-530, HEALES, Shenzhen, China).

2.4 Flow Cytometry
The cells treated as mentioned above were digested with trypsin without EDTA, followed by cen-

trifugation at 2000 rpm (H1650R, Cence, Changsha, China) for 5 min. The cell pellet was resuspended in
500 μL of binding buffer and then mixed with FAM-YVAD-FMK FITC and propidium iodide (PI) from the
FAM-YVAD-FMK FITC cell apoptosis detection kit (ab219935, Abcam, Cambridge, UK). After incubation
for 30 min at 37○C, without light, cell apoptosis was detected by flow cytometry (A00-1-1102, Beckman, Brea,
CA, USA).

2.5 Biochemical Detection
According to the instruction manuals of the lactate dehydrogenase (LDH) assay kit (A020-2-2, Nanjing

Jiancheng Bioengineering Institute, Nanjing, China), the LDH level was determined. The optical density at
440 nm was measured using a microplate reader (MB-530, Huisong, Shenzhen, China).

2.6 qRT-PCR Analysis
The cells were added to Trizol reagent (15596026, Thermo fisher, MA, USA) for mRNA extraction. cDNA

was synthesized with the use of an mRNA reverse transcription kit (CW2569, CWBIO, Beijing, China). The
cDNA template was amplified by qRT-PCR using the UltraSYBR Mixture (CW2601, CWBIO). The mRNA
expression was assessed by the 2−ΔΔCt method. β-actin was utilized as an internal control. The primers are
listed in Table 1.

Table 1: Primers used in this study

Name Sequence

Human-c-Myc F CACACATCAGCACAACTACGC
R CTCCGTTTTAGCTCGTTCCTC

(Continued)
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Table 1 (continued)

Name Sequence

Human-SRSF1 F TCAGGCAAGGTTGTCCAAGT
R ACCCGGATGTAGGCAGTTTC

Human-β-actin F ACCCTGAAGTACCCCATCGAG
R AGCACAGCCTGGATAGCAAC

2.7 WB
After extracting proteins with RIPA (P0013B, Beyotime), the total protein concentration in cells was

determined by the BCA method. The proteins were separated by 10% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to nitrocellulose membranes (FFN08, Beyotime). Mem-
branes were blocked with 5% (w/v) skim milk powder for 90 min and incubated with primary antibodies
overnight at 4○C. Subsequently, the protein bands were incubated with secondary antibody HRP goat anti-
mouse IgG (SA00001-1, 1:5000, Proteintech, Rosemont, IL, USA) or HRP goat anti-rabbit IgG (SA00001-1,
1:5000, Proteintech) at room temperature for 90 min. β-actin was used as an internal control. Information on
the antibodies used is listed in Table 2. ECL chemiluminescence solution (32209, Thermo Fisher) was used to
incubate the membrane for 1 min, and the gel imaging system (ChemiScope6100, CLINX, Shanghai, China.)
was used for imaging. The exposed image strips were analyzed with Quantity One professional grayscale
analysis software (v4.6.8, BIO-RAD).

Table 2: The primary antibody used in the study

Name Article number Source Dilution rate Molecular weight Company Country
NLRP1 A16212 Rabbit 1:1000 160 KDa Abclonal UK

Caspase1 ab286125 Rabbit 1:1000 45 KDa Abcam UK
ASC ab180799 Rabbit 1:1000 22 KDa Abcam UK
IL-1β 16806-1-AP Rabbit 1:1000 30–35 KDa Proteintech USA
IL-18 10663-1-AP Rabbit 1:5000 22 KDa Proteintech USA

c-Myc ab32072 Rabbit 1:1000 57 KDa Abcam UK
SRSF1 12929-2-AP Rabbit 1:8000 28 KDa Proteintech USA
β-actin AWA80002 Rabbit 1:5000 42 KDa Abiowell China

2.8 Coimmunoprecipitation (Co-IP)
The cells were collected 48 h after transfection and lysed in RIPA Lysis Buffer supplemented with

protease/phosphatase inhibitors (P1050, Beyotime) to prepare cell lysates. The extracted cell proteins were
randomly divided into Input, IgG, and IP groups. In the IgG and IP group centrifuge tube, cell proteins
were respectively incubated overnight at 4○C with normal rabbit IgG antibody (B900610, Proteintech) or
SRSF1 antibody (12929-2-AP, Rabbit, 1:8000, Proteintech). 20 μL of protein A/G magnetic beads (PR40025,
Proteintech) were added to each tube to capture the antibody-protein complexes overnight at 4○C. SRSF1
(12929-2-AP, Rabbit, 1:8000, Proteintech) and NLRP1 (A16212, Rabbit, 1:1000, Proteintech) were analyzed
by WB.
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2.9 Immunofluorescence
After the cells were fixed in 4% paraformaldehyde for 30 min, 0.3% Triton X-100 was used to permeable

for 30 min. 5% BSA (SW3015, Solarbio, Beijing, China) was sealed at 37○C for 90 min. Sections were
incubated overnight with primary antibodies Caspase1 (AWA44822, 1:100, Abiowell) at 4○C. Sections were
incubated with secondary antibody, including CoraLite488-conjugated Affinipure Goat Anti-Rabbit IgG
(H+L) (1:200, SA00013-2, Proteintech, USA) at 37○C for 60 min. The sections were preserved in buffered
glycerin and observed under a fluorescence microscope (BA210T, Motic, Singapore).

2.10 Statistical Analysis
All data were expressed as the mean ± standard deviation. Statistical comparisons of the results were

conducted using GraphPad Prism 9.0 (GraphPad Software Inc., San Diego, CA, USA). An unpaired two-
tailed Student’s t-test was employed to analyze the data between the two groups. One-way analysis of variance
with Tukey’s multiple comparisons test was used for multi-group comparisons. When p < 0.05, it was
considered to be statistically significant.

3 Results

3.1 OGD/R-Induced Neuroblastoma Pyroptosis
Firstly, pyroptosis in neuroblastoma cells induced by OGD/R was investigated. OGD/R-induced

neuroblastoma cell viability decreased (Fig. 1A). The OGD/R model promoted neuroblastoma pyroptosis
(Fig. 1B). NLRP1, Caspase1, ASC, interleukin-1beta (IL-1β), and IL-18 expression were elevated in neuroblas-
toma cells subjected to OGD/R (Fig. 1C). LDH level was elevated in neuroblastoma cells subjected to OGD/R
(Fig. 1D). C-Myc and SRSF1 expression were decreased in neuroblastoma cells subjected to OGD/R (Fig. 1E).
Our findings suggested that neuroblastoma cells induced by OGD/R exhibited pyroptosis.

Figure 1: (Continued)
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Figure 1: The oxygen-glucose deprivation/reperfusion (OGD/R) model promoted the pyroptosis of neuroblastoma
cells. (A) Cell viability was measured by CCK-8. (B) Flow cytometry analysis of pyroptosis. (C) NOD-like receptor
family pyrin domain-containing (NLRP) 1, Caspase1, apoptosis-associated speck-like protein containing a CARD
(ASC), interleukin-1beta (IL-1β), and IL-18 protein expression. (D) A biochemical kit was used to detect lactate
dehydrogenase (LDH) levels. (E) C-Myc and Serine/Arginine-rich splicing factor 1 (SRSF1) mRNA expression. n = 6.
*p < 0.05 vs. Control group

3.2 C-Myc Overexpression Reduced the Pyroptosis of Neuroblastoma Cells Induced by OGD/R
Previous studies have shown that c-Myc is involved in pyroptosis [33]. Here, c-Myc effects on neu-

roblastoma pyroptosis induced by OGD/R were further explored. Oe-c-Myc increased c-Myc expression
in neuroblastoma cells subjected to OGD/R (Fig. 2A). Oe-c-Myc increased cell viability in neuroblastoma
subjected to OGD/R (Fig. 2B). Oe-c-Myc inhibited neuroblastoma pyroptosis subjected to OGD/R (Fig. 2C).
Oe-c-Myc inhibited NLRP1, Caspase1, ASC, IL-1β, and IL-18 expression in neuroblastoma cells subjected to
OGD/R (Fig. 2D). Oe-c-Myc reduced LDH levels in neuroblastoma cells subjected to OGD/R (Fig. 2E). In
addition, immunofluorescence results show that oe-c-Myc inhibited Caspase1 expression in neuroblastoma
cells subjected to OGD/R (Fig. 2F). Our findings suggested that c-Myc inhibited neuroblastoma pyroptosis
subjected to OGD/R.
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Figure 2: (Continued)
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Figure 2: C-Myc reduced oxygen-glucose deprivation/reperfusion (OGD/R)-induced pyroptosis of neuroblas-
toma cells. (A) qRT-PCR and WB were used to detect c-Myc expression. (B) Cell viability was measured by
CCK-8. (C) Pyroptosis was detected by flow cytometry. (D) NOD-like receptor family pyrin domain-containing
(NLRP) 1, Caspase1, apoptosis-associated speck-like protein containing a CARD (ASC), interleukin-1beta (IL-1β), and
IL-18 expression were detected by WB. (E) A biochemical kit was used to detect lactate dehydrogenase (LDH) levels.
(F) Caspase-1 level was assessed by immunofluorescence. Overexpression, oe. n = 6. ap < 0.05 vs. Control group. bp <
0.05 vs. oe-NC group
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3.3 C-Myc Inhibited OGD/R-Induced Neuroblastoma Pyroptosis by SRSF1/NLRP1 Axis
Co-IP experiment results showed that there is an interaction between the c-Myc protein and the SRSF1

protein [19]. Here, c-Myc was positively correlated with SRSF1 (Fig. 3A). Oe-c-Myc promoted c-Myc and
SRSF1 levels in neuroblastoma cells subjected to OGD/R, which were reversed by si-SRSF1 (Fig. 3B,C). Oe-c-
Myc increased cell viability in neuroblastoma subjected to OGD/R, which was reversed by si-SRSF1 (Fig. 3D).
Oe-c-Myc inhibited pyroptosis in neuroblastoma cells subjected to OGD/R. Si-SRSF1 reversed the inhibitory
effect of oe-c-Myc on the pyroptosis of neuroblastoma cells subjected to OGD/R. Si-SRSF1 promoted
pyroptosis in neuroblastoma cells subjected to OGD/R (Fig. 3E). Oe-c-Myc inhibited NLRP1, Caspase1,
ASC, IL-1β, and IL-18 expression in neuroblastoma cells subjected to OGD/R. Si-SRSF1 reversed this effect
and promoted NLRP1, Caspase1, ASC, IL-1β, and IL-18 levels in neuroblastoma cells subjected to OGD/R
(Fig. 3F). Oe-c-Myc reduced LDH levels in neuroblastoma cells subjected to OGD/R. Si-SRSF1 reversed
this effect and increased LDH levels in neuroblastoma cells subjected to OGD/R (Fig. 3G). Moreover,
immunofluorescence results showed that oe-c-Myc reduced Caspase1 expression in neuroblastoma cells
subjected to OGD/R. Si-SRSF1 prevented this phenomenon (Fig. 3H). Our findings suggested that c-Myc
inhibited neuroblastoma pyroptosis subjected to OGD/R via the SRSF1/NLRP1 axis.

Figure 3: (Continued)



1254 BIOCELL. 2025;49(7)

Figure 3: C-Myc reduced oxygen-glucose deprivation/reperfusion (OGD/R)-induced neuroblastoma pyroptosis by
regulating the SRSF1/NLRP1 axis. (A) The correlation between c-Myc and Serine/Arginine-rich splicing factor 1
(SRSF1). C-MYC and SRSF1 levels were detected by qRT-PCR (B) and WB (C). (D) Cell viability was measured by
CCK-8. (E) Flow cytometry analysis of pyroptosis. (F) NOD-like receptor family pyrin domain-containing (NLRP)
1, Caspase1, apoptosis-associated speck-like protein containing a CARD (ASC), interleukin-1beta (IL-1β), and IL-18
protein levels. (G) Biochemical kit analysis of lactate dehydrogenase (LDH) level. (H) Caspase-1 level was assessed by
immunofluorescence. Overexpression, oe. Small interfering, si. n = 6. ap < 0.05 vs. Control group. bp < 0.05 vs. oe-NC
group. cp < 0.05 vs. oe-c-Myc+si-NC group
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3.4 SRSF1 Overexpression Inhibited OGD/R-Induced Neuroblastoma Pyroptosis
SRSF1 effects on OGD/R-induced neuroblastoma pyroptosis were further investigated. Oe-SRSF1

increased SRSF1 expression in neuroblastoma cells subjected to OGD/R (Fig. 4A). Oe-SRSF1 increases
neuroblastoma cell viability subjected to OGD/R (Fig. 4B). Oe-SRSF1 inhibited neuroblastoma pyroptosis
subjected to OGD/R (Fig. 4C). Oe-SRSF1 inhibited NLRP1, Caspase1, ASC, IL-1β, and IL-18 expression
in neuroblastoma cells subjected to OGD/R (Fig. 4D). Oe-SRSF1 reduced LDH levels in neuroblastoma
cells subjected to OGD/R (Fig. 4E). Immunofluorescence results showed that oe-SRSF1 reduced Caspase1
expression in neuroblastoma cells subjected to OGD/R (Fig. 4F). Co-IP results showed that SRSF1 interacted
with NLRP1 (Fig. 4G). SRSF1 was negatively correlated with NLRP1 (Fig. 4H). Our findings suggested that
SRSF1 reduced neuroblastoma pyroptosis subjected to OGD/R.

3.5 SRSF1 Reduced OGD/R-Induced Neuroblastoma Pyroptosis by Inhibiting NLRP1 Activation
The mechanism of SRSF1 on OGD/R-induced neuroblastoma pyroptosis was further explored. Oe-

SRSF1 promoted SRSF1 expression in OGD/R-induced neuroblastoma cells and inhibited NLRP1 expression.
Compared with the oe-SRSF1 group, there was no significant difference in SRSF1 expression in the oe-
SRSF1+MDP group, while promoting NLRP1 expression (Fig. 5A). Oe-SRSF1 increased OGD/R-induced
neuroblastoma cell viability. These effects were interrupted by MDP (Fig. 5B). Oe-SRSF1 inhibited OGD/R-
induced neuroblastoma pyroptosis. MDP reversed this effect (Fig. 5C). Oe-SRSF1 inhibited Caspase1, ASC,
IL-1β, and IL-18 expression in neuroblastoma cells subjected to OGD/R, and this effect was reversed by MDP
(Fig. 5D). Oe-SRSF1 reduced LDH levels in neuroblastoma cells subjected to OGD/R. MDP reversed the
inhibition of oe-SRSF1 on LDH level in OGD/R-induced neuroblastoma cells (Fig. 5E). Immunofluorescence
results showed that oe-SRSF1 decreased Caspase1 expression in neuroblastoma cells subjected to OGD/R,
which was interrupted by MDP (Fig. 5F). Our findings suggested that SRSF1 reduced OGD/R-induced
neuroblastoma pyroptosis by inhibiting NLRP1 activation.

Figure 4: (Continued)
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Figure 4: (Continued)
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Figure 4: SRSF1 reduces oxygen-glucose deprivation/reperfusion (OGD/R)-induced neuroblastoma pyroptosis. (A)
Serine/Arginine-rich splicing factor 1 (SRSF1) protein expression. (B) Cell viability was assessed by CCK-8. (C)
Flow cytometry analysis of pyroptosis. (D) NOD-like receptor family pyrin domain-containing (NLRP) 1, Caspase1,
apoptosis-associated speck-like protein containing a CARD (ASC), interleukin-1beta (IL-1β), and IL-18 protein
expression. (E) Biochemical kit analysis of lactate dehydrogenase (LDH) level. (F) Caspase-1 level was assessed by
immunofluorescence. (G) Coimmunoprecipitation (Co-IP) was used to verify the interaction between SRSF1 and
NLRP1. (H) The correlation between SRSF1 and NLRP1. Overexpression, oe. n = 6. *p < 0.05 vs. Control group. &p <
0.05 vs. oe-NC group

Figure 5: (Continued)
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Figure 5: (Continued)
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Figure 5: SRSF1 reduced oxygen-glucose deprivation/reperfusion (OGD/R)-induced neuroblastoma pyroptosis by
inhibiting NLRP1 activation. (A) Serine/Arginine-rich splicing factor 1 (SRSF1) and NLRP1 expression were detected
by WB. (B) Cell viability was assessed by CCK-8. (C) Flow cytometry analysis of pyroptosis. (D) Caspase1, apoptosis-
associated speck-like protein containing a CARD (ASC), interleukin-1beta (IL-1β), and IL-18 protein expression.
(E) A biochemical kit was used to detect lactate dehydrogenase (LDH) levels. (F) Caspase-1 level was assessed by
immunofluorescence. Overexpression, oe. n = 6. *p < 0.05 vs. Control group. &p < 0.05 vs. oe-NC group. #p < 0.05 vs.
oe-SRSF1 group

4 Discussion
Here, we found that c-Myc and SRSF1 expression were inhibited in neuroblastoma cells subjected

to OGD/R. C-Myc overexpression increased c-Myc expression and cell viability in neuroblastoma cells
subjected to OGD/R, while decreasing NLRP1, Caspase1, ASC, IL-1β, IL-18, and LDH levels and pyroptosis.
C-Myc overexpression promoted SRSF1 expression in neuroblastoma cells subjected to OGD/R. Si-SRSF1
reversed c-Myc overexpression effects on the above indicators in neuroblastoma cells subjected to OGD/R.
SRSF1 interacted with NLRP1. MDP reversed OE-SRSF1 effects on neuroblastoma cells subjected to OGD/R.
Our results showed that c-Myc positively feedbacked SRSF1 signal to inhibit NLRP1 activation, thereby
reducing neuroblastoma cells subjected to OGD/R pyroptosis.

Neuroinflammation caused by neuronal pyroptosis is a key mediator in the CIRI-induced pathogenic
cascade [34]. Inhibiting neuronal pyroptosis could alleviate CIRI [35]. Emerging evidence suggests that
targeted inhibition of Caspase1-mediated neuronal pyroptosis holds therapeutic potential for CIRI [36].
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Mechanistically, the interaction between NLRP1 inflammasome and ASC leads to the release of Caspase1-
dependent inflammatory cytokines, such as IL-1β [37]. Previous studies have demonstrated that intermittent
theta-burst stimulation inhibits Caspase1, IL-1β, IL-18, ASC, and NLRP1 levels, thereby alleviating CIRI [38].
C-C chemokine receptor 5 (CCR5) up-regulates NLRP1, ASC, Caspase1, IL-1β, and IL-18 levels, promoting
neuronal cell pyroptosis and neural function deficit after CIRI [10]. In addition, miR-155-5p inhibition
increases OGD/R-induced cell viability and decreases LDH activity and pyroptosis, thereby improving
CIRI [39]. DEAD-box helicase 3 X-linked gene (DDX3X) deficiency increases OGD/R-induced N2a cell
viability, reduces NLRP1, Caspase1, and LDH levels, and inhibits pyroptosis [40]. Previous studies have
suggested that regulating pyroptosis might become a promising strategy for the treatment of CIRI. Our
results showed that c-Myc overexpression increased c-Myc expression and cell viability in OGD/R-induced
neuroblastoma cells while inhibiting NLRP1, Caspase1, ASC, IL-1β, IL-18, and LDH levels and pyroptosis.
Our findings indicated that c-Myc might be a potential therapeutic option for CIRI.

The current evidence confirms that SRSF1 plays a key role in ischemia-reperfusion injury diseases,
including renal ischemia-reperfusion injury [41] and myocardial ischemia-reperfusion injury [42]. More-
over, SRSF1 represses p53-mediated autophagy and apoptosis to mitigate ischemia-reperfusion-induced
myocardial damage [43], suggesting that SRSF1 might be involved in the disease progression of CIRI. The
current data revealed that c-Myc promoted SRSF1 expression in neuroblastoma cells subjected to OGD/R.
C-Myc was positively correlated with SRSF1. Si-SRSF1 reversed c-Myc overexpression effects on the above
indicators in neuroblastoma cells subjected to OGD/R. There was an interaction between SRSF1 and NLRP1.
SRSF1 was negatively correlated with NLRP1. MDP reversed OE-SRSF1 effects on neuroblastoma cells
subjected to OGD/R. Our results showed that c-Myc positively feedbacked SRSF1 signal to inhibit NLRP1
activation and reduced CIRI model pyroptosis.

There are some limitations. In this study, inhibition of NLRP1 activation by c-Myc positive feedback
SRSF1 signaling was demonstrated to reduce OGD/R-induced pyroptosis of neuroblastoma cells at the
cellular level. In future projects, c-Myc positive feedback SRSF1 signal effects on NLRP1 activation, inhibition
on CIRI, and other molecular mechanisms will be further explored in vivo. It needs to be further confirmed
that c-Myc and SRSF1 might be diagnostic or prognostic biomarkers for CIRI. Microglial activation and
pyroptosis [44], astrocyte pyroptosis [7], and endothelial pyroptosis [45] play important roles in CIRI. It is
important to further explore the mechanism of c-Myc on activation and pyroptosis of microglia, astrocytes,
and endothelial cells after CIRI. The current evidence confirms that c-Myc, as a transcription factor, promotes
the expression of SRSF1, consequently facilitating the biosynthesis of circPVT1 [19]. Our current study aligns
with this finding. In our investigation, c-Myc promoted the expression of SRSF1, which in turn suppressed
the level of NLRP3. Within the context of this study, c-Myc serves as the upstream regulatory factor, while
SRSF1 acts as the downstream effector. There is an interaction between c-Myc and SRSF1, through which
SRSF1 could affect the expression of c-Myc. For example, SNHG7 regulates c-Myc by targeting SRSF1 [20].
Nonetheless, the data from our study collectively indicate that in this specific research system, c-Myc
primarily plays the role of an upstream regulator of SRSF1. We acknowledge that the intracellular regulatory
network is highly intricate, and feedback regulation might occur under various conditions. This phenomenon
will undoubtedly be a crucial area for future research endeavors.

5 Conclusion
Our findings suggested that c-Myc reduced OGD/R-induced neuroblastoma cell pyroptosis by inhibit-

ing NLRP1 activation through positive feedback SRSF1 signal. The c-Myc/SRSF1 axis might be a promising
therapeutic strategy for clinical CIRI.
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Abbreviations
CIRI Cerebral ischemia-reperfusion injury
NLRP 1 NOD-like receptor family pyrin domain-containing 1
ASC Apoptosis-associated speck-like protein containing a CARD
SRSF1 Serine/Arginine-rich splicing factor 1
DMEM Dulbecco’s modified Eagle’s medium
OGD/R Oxygen-glucose deprivation/reperfusion
OGD Oxygen-glucose deprivation
MDP Muramyl dipeptide
Oe Overexpression
Si Small interfering
qRT-PCR Quantitative real-time polymerase chain reaction
WB Western blotting
CCK-8 Cell counting kit-8
PI Propidium iodide
LDH Lactate dehydrogenase
Co-IP Coimmunoprecipitation
IL-1β Interleukin-1beta
CCR5 C-C chemokine receptor 5
DDX3X DEAD-box helicase 3 X-linked gene
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