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Abstract 

Rationale: Sepsis-induced cardiomyopathy (SIC) is a rapidly progressing condition with poor prognosis 
in the absence of effective therapeutic interventions. Cardiomyocyte pyroptosis is a critical factor 
contributing to cardiac dysfunction in SIC. Currently, research on this mechanism remains unclear.  
Methods: We performed LPS-induced primary mouse cardiomyocyte modeling and mouse SIC 
modeling. Through mRNA-Seq, we found significant pyroptosis in the cardiac tissue of SIC mice. Further 
confocal microscopy and immunoprecipitation results confirmed that PTX3 is an important participant in 
cardiomyocyte pyroptosis. We then used ChIP and dual-luciferase reporter assays to confirm that 
SOX18 exerts a transcriptional repression effect on PTX3. M6A-Seq and RNA stability assays confirmed 
that the m6A modification mediated/recognized by RBM15/YTHDF2 is a crucial factor in the changes of 
SOX18 in SIC.  
Results: Our experiments demonstrated that the abnormally elevated PTX3 in SIC plays a key role in 
mediating pyroptosis. Under physiological conditions, PTX3 transcription is repressed by SOX18. 
However, during septic cardiomyopathy, SOX18 stability is compromised by RBM15/YTHDF2-mediated 
m6A modification, leading to increased PTX3 levels and the subsequent induction of cardiomyocyte 
pyroptosis.  
Conclusion: In summary, we have delineated the RBM15/YTHDF2-SOX18-PTX3 axis in SIC. It provides 
a new approach for the treatment of cardiomyocyte pyroptosis in SIC and for improving prognosis. 
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Introduction 
Sepsis is a systemic inflammatory response 

triggered by infection, which, in severe cases, can lead 
to organ dysfunction and multiple organ failure[1]. 
Sepsis-induced cardiomyopathy (SIC) refers to 
cardiac dysfunction caused by sepsis. This condition 
is a life-threatening emergency that often progresses 
rapidly within a short period of time[2]. The 
inflammatory response induced by sepsis results in 

the release of a large number of inflammatory 
mediators, such as chemokines and interleukins, 
which damage myocardial cells and impair cardiac 
function. Additionally, hemodynamic disturbances 
further disrupt the normal function of other organs, 
severely compromising the patient's quality of life[3]. 
However, the pathogenesis of SIC is not yet fully 
understood, which poses a significant challenge to the 
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development of effective therapies targeting SIC. 
Pyroptosis is one of the cell death mechanisms 

most closely associated with SIC[4]. It is a type of 
inflammatory cell death characterized primarily by 
the loss of cell membrane integrity and the release of 
large amounts of inflammatory mediators. Pyroptosis 
is typically mediated by inflammasomes, such as the 
NLRP3 inflammasome, which activate Caspase-1, 
leading to the cleavage of Gasdermin D (GSDMD). 
This cleavage forms membrane pores, resulting in cell 
lysis and death, and the release of various 
inflammatory factors, including IL-1β and IL-18[5]. 
Existing studies have reported that inhibiting 
pyroptosis can effectively exert cardioprotective 
effects[6]. 

PTX3 (Pentaxin 3), also known as long pentraxin 
3, is an acute-phase protein that plays a significant 
role in immune regulation and inflammatory 
responses[7]. Additionally, studies have shown that 
PTX3 is closely associated with the occurrence and 
prognosis of cardiovascular events, such as 
myocardial infarction and heart failure[8]. Although 
the relationship between PTX3 and pyroptosis has 
been partially elucidated, the specific mechanisms 
underlying their interaction remain unknown[9]. 

The SOX family (SRY-related HMG-box) is a 
group of transcription factors named for the presence 
of a highly conserved high mobility group (HMG) 
DNA-binding domain in its members[10]. SOX18, a 
member of the SOX family and part of the SOX F 
subfamily, is crucial for proper cardiac development, 
and its deficiency is often associated with cardiac 
malformations and the onset of various 
cardiovascular diseases[11]. 

M6A (N6-methyladenosine) is a chemical 
modification widely present in eukaryotic mRNA and 
is one of the most abundant mRNA modifications 
identified to date. It plays a crucial role in various 
aspects of RNA metabolism. The dynamic regulation 
of m6A modification is coordinated by methyltrans-
ferases ("Writers"), demethylases ("Erasers"), and 
m6A-binding proteins ("Readers")[12]. Abnormal 
m6A modifications are associated with the 
progression and prognosis of SIC[13]. 

In this study, we confirmed through both in vivo 
and cellular experiments that the key m6A enzymes 
RBM15 and YTHDF2 are abnormally elevated in SIC. 
Together, they drive the m6A modification of SOX18 
mRNA, resulting in reduced mRNA stability and 
subsequent downregulation of SOX18 expression. The 
reduced levels of SOX18 fail to effectively suppress 
PTX3 transcription, leading to abnormally elevated 
PTX3 levels. This elevated PTX3 contributes to 
inflammasome formation and triggers pyroptosis in 
cardiomyocytes, ultimately resulting in impaired 

cardiac function. 

Results 
Elevated PTX3 in SIC contributes to the 
formation of the NLRP3 inflammasome 

To identify potential therapeutic targets for SIC, 
we divided C57BL/6J mice into a control group and 
an SIC group. The SIC group received LPS injections 
to induce SIC, while the control group received an 
equivalent volume of PBS (Figure 1A). After model 
establishment, we performed echocardiography to 
assess changes in cardiac function. The results 
demonstrated that, compared to the control group, 
mice in the SIC group exhibited a significant 
reduction in left ventricular ejection fraction (LVEF), 
fractional shortening (FS), and cardiac output (CO) 
(Figure 1B), indicating impaired cardiac systolic 
function in the SIC group. Additionally, the E/E’ ratio 
in SIC mice increased, suggesting compromised 
diastolic function (Figure S1A). These findings 
confirm the effectiveness of the model and the 
significant cardiac dysfunction in the SIC group. 
Moreover, serum levels of myocardial injury markers 
CK-MB, cTnT, and LDH were markedly elevated in 
SIC mice (Figures S1B, S1C, S1D). Subsequently, we 
used the TUNEL assay to detect the total number of 
dead cells in the cardiac tissue of both groups. 
Fluorescence imaging revealed a significant increase 
in cell death in the SIC group compared to the control 
group, which showed nearly zero TUNEL-positive 
cells (Figure 1C). We then performed RNA-seq 
analysis on cardiac tissue from both groups. The 
sequencing results identified 785 upregulated and 715 
downregulated genes, with PTX3 showing a marked 
change among all genes (Figure 1D). Gene Ontology 
(GO) analysis of these differentially expressed genes 
indicated a significant activation of immune 
responses (Figure 1E). KEGG pathway analysis 
highlighted the NOD-like receptor (NLR) signaling 
pathway, which is closely associated with pyroptosis 
(Figure 1F), and GSEA analysis further confirmed the 
abnormal activation of the pyroptosis in the 
myocardium of SIC mice, which exceeded the levels 
of apoptosis and necrosis, two common forms of cell 
death in SIC (Figure 1G). A heatmap illustrated the 
markedly increased expression of numerous 
pyroptosis-related core genes in the cardiac tissue of 
SIC mice (Figure 1H). Next, we used qPCR to measure 
the mRNA levels of PTX3 and NLRP3 in the cardiac 
tissue of both groups, confirming significantly 
elevated levels of both PTX3 and NLRP3 mRNA in the 
SIC group (Figure 1I). Western blot analysis showed 
increased PTX3 levels, along with elevated levels of 
NLRP3, cleaved Caspase-1 (Cl-Casp1), and 
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GSDMD-N, which are key proteins involved in 
pyroptosis (Figure 1J). Immunohistochemistry further 
demonstrated the increased abundance of PTX3 and 
the inflammatory cytokines IL-1β and IL-18 in the 

cardiac tissue of SIC mice (Figures 1K, 1L, and 1M). 
Additionally, the levels of IL-1β and IL-18 in the 
serum of SIC mice were significantly elevated 
(Figures S1E, S1F). 

 

 
Figure 1. Elevated PTX3 in SIC contributes to the formation of the NLRP3 inflammasome. (A) Modeling strategy for Control and SIC mice groups. (B) 
Echocardiography results of mice (n = 6). (C) TUNEL staining results of cardiac tissue (n = 6). Scale bar: 25 μm. (D) Volcano plot displaying differentially expressed genes (n = 3). 
(E) GO enrichment analysis results. (F) KEGG pathway enrichment analysis results. (G) GSEA analysis results. (H) Heatmap showing pyroptosis-related genes. (I) qPCR detection 
of PTX3 and NLRP3 mRNA expression in cardiac tissue (n = 6). (J) Immunoblotting detection of PTX3, NLRP3, Cl-Casp1, and GSDMD protein expression in cardiac tissue (n 
= 6). (K, L, and M) Immunohistochemical detection of PTX3, IL-1β, and IL-18 expression in cardiac tissue. Scale bar: 20 μm. (N) Modeling strategy for primary cardiomyocytes 
from Control and LPS groups. (O) TUNEL staining results of primary cardiomyocytes (n = 6). Scale bar: 25 μm. (P) Scanning electron microscopy (SEM) results of primary 
cardiomyocytes. The red arrows indicate the membrane rupture observed during pyroptosis. (Q) Flow cytometry results for Active-Casp1 in primary cardiomyocytes (n = 3). 
(R) qPCR detection of PTX3 and NLRP3 mRNA expression in primary cardiomyocytes (n = 6). (S) Immunoblotting detection of PTX3, NLRP3, Cl-Casp1, and GSDMD protein 
expression in primary cardiomyocytes (n = 3).  
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Next, we extracted and treated primary 
cardiomyocytes from mice. Corresponding to the in 
vivo experiments, we divided the cardiomyocytes 
into a control group and an LPS-treated group (Figure 
1N). The TUNEL assay confirmed that LPS treatment 
induced cell death in cardiomyocytes (Figure 1O). To 
identify the specific form of cell death, we used 
scanning electron microscopy to observe the 
cardiomyocytes in both groups. Under the electron 
microscope, the control group's cardiomyocytes 
displayed dense and intact cell membranes, while the 
LPS-treated group's cardiomyocytes exhibited 
pyroptosis-characteristic membrane pores and 
content leakage (indicated by red arrows) (Figure 1P). 
Based on these morphological observations, we 
employed flow cytometry with dual staining for 
Active-Caspase-1 and PI, which confirmed the 
occurrence of cell death in the LPS-treated group 
(Figure 1Q). Subsequent qPCR and Western blot 
analyses further validated the elevation of PTX3 and 
core pyroptosis molecules in the LPS-treated 
cardiomyocytes (Figures 1R and 1S), consistent with 
the in vivo results (Figures 1I and 1J). 

Given the ongoing identification of proteins 
involved in inflammasome complex formation, along 
with the observed positive correlation between PTX3, 
pyroptosis markers, and the rate of pyroptosis in both 
in vivo and in vitro experiments, we hypothesized 
that PTX3 might be a component of the NLRP3 
inflammasome. We used confocal laser scanning 
microscopy to examine the expression and 
localization of NLRP3, PTX3 and ASC in 
cardiomyocytes from both the control and 
LPS-treated groups. The results showed a significant 
increase in these proteins in the LPS-treated group 
compared to the control group. Notably, 
co-localization of these proteins was observed 
(indicated by white arrows) (Figure S1G). This 
hypothesis was further validated by 
co-immunoprecipitation (Co-IP) experiments (Figure 
S1H). The above results confirm that PTX3 is involved 
in the formation of the NLRP3 inflammasome. 

Inhibition of PTX3 effectively attenuates 
pyroptosis in cardiomyocytes during SIC  

To confirm the impact of PTX3 on cardiomyocyte 
pyroptosis, we divided primary cardiomyocytes from 
mice into two groups: LPS+si-NC and LPS+si-PTX3 
(Figure 2A). qPCR results showed that, compared to 
the LPS+si-NC group, the mRNA levels of PTX3 and 
NLRP3 were reduced in the LPS+si-PTX3 group 
(Figure 2B). Western blot analysis confirmed 
successful knockdown of PTX3 at the protein level, 
along with a decrease in key pyroptosis-related 
proteins (Figure 2C), the laser confocal results show 

that interfering with PTX3 effectively inhibits the 
formation of NLRP3 inflammasomes (Figure S2A). 
This further confirms that PTX3 not only participates 
in the formation of the inflammasome but also 
induces the upregulation of NLRP3 and the 
occurrence of pyroptosis. Scanning electron 
microscopy revealed that the LPS+si-PTX3 group had 
more intact cell membranes compared to the 
LPS+si-NC group, indicating less pyroptosis (Figure 
2D). Flow cytometry and TUNEL staining further 
confirmed that PTX3 knockdown effectively reduced 
LPS-induced cell death in cardiomyocytes (Figures 2E 
and 2F). These results demonstrate that inhibiting 
PTX3 can significantly suppress LPS-induced 
pyroptosis in cardiomyocytes. 

To investigate whether knocking down PTX3 in 
vivo can inhibit pyroptosis in cardiomyocytes, we 
crossed PTX3-flox mice with MyH6-cre mice to 
generate PTX3 Flox, MyH6-Cre (PTX3 cKO) 
homozygous mice, specifically knocking out PTX3 in 
cardiomyocytes of mice. Wild-type (WT+SIC) mice 
were used as the control group (Figure 2G). 
Echocardiography results indicated that, compared to 
the WT+SIC group, the cardiac function of the PTX3 
cKO+SIC group was improved (Figure 2H, Figure 
S2B). Additionally, the TUNEL staining positive rate 
in myocardial tissue of the PTX3 cKO+SIC group was 
reduced compared to the WT+SIC group (Figure 2I). 
Both qPCR (Figure 2J) and western blot analysis 
(Figure 2K) confirmed that the knockdown of PTX3 
effectively inhibited pyroptosis in the myocardial 
tissue of SIC mice, with subsequent 
immunohistochemistry results supporting the same 
conclusion (Figure 2L-2N). Serum levels of the 
myocardial injury markers CK-MB, cTNT, and LDH 
were significantly lower in the PTX3 cKO+SIC group 
compared to the WT+SIC group (Figures S2C, S2D, 
S2E). Additionally, although the mean serum levels of 
IL-1β and IL-18 were reduced in the PTX3 cKO+SIC 
group, the differences were not statistically significant 
(Figures S2F, S2G). 

Downregulation of SOX18 leads to increased 
PTX3 in SIC 

Given that RNA-seq and qPCR analyses have 
confirmed that the increase of PTX3 occurs primarily 
at the mRNA level, we focused on identifying 
potential transcriptional regulators of PTX3. Using 
RNA-Seq data from both CLP- and LPS-induced 
mouse SIC models, combined with databases such as 
JASPAR and CISBP, we identified five potential 
transcription factors, including SOX18, HIC1, ATF3, 
FOXF1, and MYC, that may regulate PTX3 expression 
(Figure 3A). Among them, SOX18 exhibited the most 
significant changes and has been reported to be 



Theranostics 2025, Vol. 15, Issue 8 
 

 
https://www.thno.org 

3536 

associated with the prognosis of SIC[14]. We 
validated the reduction of SOX18 in the cardiac tissue 
of SIC mice using qPCR (Figure 3B) and Western 
blotting (Figure 3C), confirming a marked decrease in 
SOX18 expression in SIC mice. Similarly, qPCR and 
Western blotting of primary cardiomyocytes from 
control and LPS-treated mice also showed a decrease 
in SOX18 expression, consistent with in vivo findings 
(Figures 3D and 3E). Immunofluorescence results 
further confirmed the inverse relationship between 

SOX18 and PTX3 expression in LPS-treated 
cardiomyocytes (Figure 3F). To investigate the 
function of SOX18, we transfected primary 
cardiomyocytes treated with LPS using empty vectors 
and SOX18 overexpression plasmids (Figure 3G). 
qPCR (Figure 3H) and Western blotting (Figure 3I) 
revealed that overexpression of SOX18 resulted in 
reduced PTX3 expression, suggesting that SOX18 
negatively regulates PTX3.  

 

 
Figure 2. Inhibition of PTX3 effectively attenuates pyroptosis in cardiomyocytes during SIC. (A) Modeling strategy for LPS+si-NC and LPS+si-PTX3 groups of 
primary cardiomyocytes. (B) qPCR detection of PTX3 and NLRP3 mRNA expression in primary cardiomyocytes (n = 6). (C) Immunoblotting detection of PTX3, NLRP3, 
Cl-Casp1, and GSDMD protein expression in primary cardiomyocytes (n = 3). (D) SEM results of primary cardiomyocytes. The red arrows indicate the membrane rupture 
observed during pyroptosis. (E) Flow cytometry results for Active-Casp1 in primary cardiomyocytes (n = 3). (F) TUNEL staining results of primary cardiomyocytes (n = 6). Scale 
bar: 25 μm. (G) Modeling strategy for PTX3 cKO+SIC and WT+SIC groups of mice. (H) Echocardiography results of mice (n = 6). (I) TUNEL staining results of cardiac tissue (n 
= 6). Scale bar: 25 μm. (J) qPCR detection of PTX3 and NLRP3 mRNA expression in cardiac tissue (n = 6). (K) Immunoblotting detection of PTX3, NLRP3, Cl-Casp1, and 
GSDMD-N protein expression in cardiac tissue (n = 6). (L, M, and N) Immunohistochemical detection of PTX3, IL-1β, and IL-18 expression in cardiac tissue. Scale bar: 20 μm. 



Theranostics 2025, Vol. 15, Issue 8 
 

 
https://www.thno.org 

3537 

However, HIC1, ATF3, FOXF1, and MYC did not 
show regulatory effect on PTX3 (Figure S3A). We 
then obtained the PTX3 promoter sequence and 
designed specific primers around three different sites 
predicted by FOMO tool (Figure 3J). ChIP-PCR 
results confirmed that under physiological conditions, 
SOX18 binds near the transcription start site of the 
PTX3 promoter (site 3) (Figure 3K). Considering that 
site1 showed negative results in ChIP experiments, 
we constructed WT, site2-MUT, and site3-MUT 
plasmids, through dual-luciferase reporter assays, we 
identified that site3 on the PTX3 promoter is the key 
site where SOX18 exerts its transcriptional repression 
effect (Figure 3L). However, LPS treatment 
significantly weakened the binding of SOX18 to the 
PTX3 promoter (Figure 3M). Furthermore, we 
co-transfected cardiomyocytes stimulated with LPS 
using SOX18 overexpression and PTX3 
overexpression plasmids. Western blot analysis 
showed that SOX18 overexpression significantly 
reduced the levels of pyroptosis-related proteins, 
while PTX3 overexpression reversed this effect 
(Figure 3M). Subsequent flow cytometry (Figure 3O) 
confirmed that SOX18 overexpression effectively 
inhibited cardiomyocyte death, but this protective 
effect was abolished upon PTX3 overexpression. After 
clarifying the regulatory relationship between SOX18 
and PTX3, we considered potential transcriptional 
cofactors that might act synergistically with SOX18. 
MEF2C has been reported in the literature[15], but we 
found that its expression did not show significant 
changes in LPS-treated cardiomyocytes (Figure S3B). 

To investigate whether SOX18 exhibits a similar 
protective effect in vivo, we designed an 
adeno-associated virus 9 carrying the cTNT promoter 
and the SOX18 CDS region to specifically overexpress 
SOX18 in the cardiomyocytes of SIC model mice 
(SIC+AAV-SOX18 group), with the SIC+AAV-null 
group serving as a control (Figure 3P). qPCR and 
Western blot analyses confirmed that overexpression 
of SOX18 in vivo effectively reduced the levels of 
PTX3, NLRP3, GSDMD-N, and Cl-CASP1 in 
myocardial cells (Figures 3Q and 3R). 
Echocardiography results showed that SOX18 
overexpression significantly alleviated the cardiac 
dysfunction induced by SIC (Figure 3S, Figure S3A). 
Additionally, TUNEL staining demonstrated that 
SOX18 overexpression markedly decreased the cell 
death rate in the cardiac tissue of SIC mice (Figure 
3T). In the SIC+AAV-SOX18 group, serum levels of 
cardiac injury markers CK-MB, CTNT, and LDH were 
significantly reduced compared to the SIC+AAV-null 
group (Figures S3B, S3C, S3D). Moreover, the 
average levels of IL-1β and IL-18 in the 
SIC+AAV-SOX18 group were lower; however, these 

reductions were not statistically significant (Figures 
S3E, S3F). Subsequent ChIP assays confirmed that the 
binding of SOX18 to the PTX3 promoter was 
significantly reduced in the cardiac tissue of SIC mice 
(Figure 3U), consistent with in vitro results. These 
findings suggest that the transcription factor SOX18 
exerts cardioprotective effects by binding to the PTX3 
promoter region, thereby inhibiting PTX3 transcrip-
tion and subsequent cardiomyocyte pyroptosis. This 
protective effect is notably diminished in SIC due to 
the downregulation of SOX18 expression. 

Downregulation of SOX18 is driven by 
RBM15-mediated m6A modification 

N6-methyladenosine (m6A) modification is a 
widespread and functionally significant epigenetic 
mark. Our research group has previously identified 
m6A modifications in various cardiovascular 
diseases, such as atrial fibrillation and diabetic 
cardiomyopathy, and demonstrated that m6A 
modifications play a crucial role in the progression of 
these conditions. We hypothesized that m6A 
modification may similarly influence the 
SIC-SOX18-PTX3 pathway. To test this hypothesis, we 
analyzed the mRNA sequence of SOX18 using the 
SRAMP prediction tool, which revealed potential 
m6A modification sites on SOX18 mRNA, and the 
highest-scoring site is located at base A at position 
1104 (Figure 4A). Next, we employed Dot Blot assays 
to compare the global m6A modification levels 
between control and LPS-treated primary 
cardiomyocytes from mice. The results indicated a 
significant increase in global m6A levels in the LPS 
group compared to the control group (Figure 4B). 
Moreover, MeRIP-qPCR analysis confirmed an 
elevated m6A modification level on SOX18 mRNA in 
the LPS-treated cardiomyocytes (Figure 4C). To 
identify the driver of the aberrantly elevated m6A 
levels in LPS-treated cardiomyocytes, we assessed the 
expression levels of key m6A "writers" and "erasers" 
in both control and LPS groups. qPCR and Western 
blot results revealed increased levels of METTL3, 
WTAP, and RBM15 in the LPS group (Figures 4D and 
4E). We then performed siRNA-mediated knockdown 
of these "writers" in LPS-treated cardiomyocytes. The 
results demonstrated that knockdown of RBM15 
significantly upregulated SOX18 expression, while 
knockdown of METTL3 and WTAP did not affect 
SOX18 expression (Figures 4F-4K). Subsequent Dot 
Blot and MeRIP-qPCR analyses confirmed that 
RBM15 knockdown effectively reduced the overall 
m6A modification levels (Figure 4L) and the m6A 
modification on SOX18 mRNA (Figure 4M) in 
LPS-treated cardiomyocytes, while interference with 
METTL3 or WTAP did not significantly affect the 
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m6A modification levels of SOX18 mRNA (Figure 
S4A). Actinomycin D assays further demonstrated 
that RBM15 knockdown enhanced SOX18 mRNA 
stability, providing additional evidence that RBM15 
influences SOX18 expression by reducing SOX18 
mRNA stability (Figure 4N). To further pinpoint the 
specific m6A modification sites, we performed 
site-directed mutagenesis on SOX18 mRNA (Figure 
4O) followed by a dual-luciferase reporter assay 

(Figure 4P). The fluorescence intensity, which reflects 
SOX18 mRNA stability, confirmed that mutating the 
m6A sites on SOX18 mRNA abolished the impact of 
RBM15 expression on SOX18 mRNA stability. Finally, 
RIP-qPCR analysis demonstrated that the binding of 
RBM15 to SOX18 mRNA was significantly enhanced 
in LPS-treated cardiomyocytes compared to the 
control group (Figure 4Q). 

 

 
Figure 3. Downregulation of SOX18 leads to increased PTX3 in SIC. (A) Screening for transcription factors that may regulate PTX3. (B) qPCR analysis of SOX18 
mRNA expression in mouse cardiac tissue (n = 6). (C) Western blot detection of SOX18 protein expression in mouse cardiac tissue (n = 3). (D) qPCR detection of SOX18 
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mRNA expression in primary mouse cardiomyocytes (n = 6). (E) Western blot detection of SOX18 protein expression in primary mouse cardiomyocytes (n = 3). (F) 
Immunofluorescence analysis of PTX3 and SOX18 expression in primary mouse cardiomyocytes. Scale bar: 25 μm. (G) Modeling strategy for LPS+Vector, LPS+oe-SOX18, and 
LPS+oe-SOX18+oe-PTX3 groups in primary cardiomyocytes. (H) qPCR analysis of SOX18 and PTX3 mRNA expression in primary mouse cardiomyocytes (n = 6). (I) Western 
blot detection of SOX18 and PTX3 protein expression in primary mouse cardiomyocytes (n = 3). (J) Schematic of PTX3 promoter and specific primer design. (K) ChIP-PCR 
results in primary mouse cardiomyocytes. (L) Plasmid construction schematic and dual-luciferase reporter assay (n = 3). (M) ChIP-qPCR results for site 3 in primary mouse 
cardiomyocytes (n = 3). (N) Western blot detection of PTX3, NLRP3, Cl-Casp1, and GSDMD-N protein expression in mouse cardiac tissue (n = 3). (O) Flow cytometry analysis 
of Active-Casp1 in primary mouse cardiomyocytes (n = 3). (P) Modeling strategy for SIC+AAV-null and SIC+AAV-SOX18 groups of mice. (Q) qPCR detection of SOX18, PTX3, 
and NLRP3 mRNA expression in mouse cardiac tissue (n = 6). (R) Western blot detection of SOX18, PTX3, NLRP3, Cl-Casp1, and GSDMD-N protein expression in mouse 
cardiac tissue (n = 6). (S) Echocardiography results of mice (n = 6). (T) TUNEL staining results of mouse cardiac tissue (n = 6). Scale bar: 25 μm. (U) ChIP-qPCR results for site 
3 in mouse cardiac tissue (n = 3). 

 
Figure 4. Downregulation of SOX18 is driven by RBM15-mediated m6A modification. (A) Prediction of m6A sites on SOX18 mRNA. (B) Dot blot analysis of global 
m6A modification levels in primary mouse cardiomyocytes. (C) MeRIP-qPCR detection of m6A modification levels on SOX18 mRNA in primary mouse cardiomyocytes (n = 3). 
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(D) qPCR analysis of METTL3, METTL14, WTAP, and RBM15 mRNA expression in primary mouse cardiomyocytes (n = 6). (E) Western blot detection of METTL3, METTL14, 
WTAP, and RBM15 protein expression in primary mouse cardiomyocytes (n = 3). (F-K) Changes in SOX18 expression detected by qPCR and Western blot after knockdown of 
METTL3, METTL14, WTAP, and RBM15 in LPS-treated primary mouse cardiomyocytes. (L) Dot blot analysis of global m6A modification levels in primary mouse cardiomyocytes. 
(M) MeRIP analysis of SOX18 mRNA m6A modification levels in primary mouse cardiomyocytes (n = 3). (N) RNA stability experiment for SOX18. (O) Schematic of SOX18 
mRNA m6A site mutations. (P) Dual-luciferase reporter assay. (Q) RIP-qPCR results of primary mouse cardiomyocytes (n = 3). (R) Dot blot analysis of global m6A modification 
levels in mouse cardiac tissue. (S) MeRIP-qPCR detection of SOX18 mRNA m6A modification levels in mouse cardiac tissue (n = 3). (T) qPCR analysis of RBM15 mRNA 
expression in primary mouse cardiomyocytes (n = 6). (U) Western blot detection of RBM15 protein expression in mouse cardiac tissue (n = 6). (V) RIP-qPCR results of mouse 
cardiac tissue (n = 3). (W) qPCR detection of RBM15 and SOX18 mRNA expression in mouse cardiac tissue (n = 6). (X) Western blot detection of RBM15 and SOX18 protein 
expression in mouse cardiac tissue (n = 6). (Y) Dot blot analysis of global m6A modification levels in mouse cardiac tissue. (Z) MeRIP-qPCR detection of SOX18 mRNA m6A 
modification levels in mouse cardiac tissue (n = 6). 

 
We then examined the levels of m6A 

modification in cardiac tissues from both the control 
and SIC groups. The results demonstrated that, 
compared to the control group, the SIC group 
exhibited a significant increase in overall m6A 
modification levels (Figure 4R) as well as in m6A 
modification on SOX18 mRNA (Figure 4S). 
Furthermore, both the mRNA (Figure 4T) and protein 
levels (Figure 4U, Figure S4B) of RBM15 were 
elevated, consistent with the in vitro findings. 
RIP-qPCR analysis confirmed that the binding of 
RBM15 to SOX18 mRNA was enhanced in the cardiac 
tissues of the SIC group (Figure 4V). When RBM15 
expression was specifically knocked down in 
myocardial cells of SIC mice using 
AAV-CTNT-shRBM15, there was an observed 
increase in SOX18 expression (Figures 4W and 4X), 
accompanied by a decrease in overall m6A 
modification levels (Figure 4Y) and m6A modification 
on SOX18 mRNA (Figure 4Z). 

YTHDF2 influences the stability of SOX18 
mRNA 

In the biological functions of m6A modifications, 
both m6A writers and readers play crucial roles; m6A 
writers are responsible for adding the modifications, 
while m6A readers recognize these modifications and 
regulate corresponding biological processes. Using 
the STRING database, we identified several potential 
m6A readers that might cooperate with RBM15 
(Figure 5A). qPCR and Western blot analyses 
revealed that YTHDF1, YTHDF2, YTHDC1, and 
IGF2BP2 were all upregulated in primary mouse 
cardiomyocytes stimulated by LPS (Figures 5B and 
5C). To identify the m6A reader that potentially acts 
on SOX18, we transfected LPS-stimulated 
cardiomyocytes with siRNAs targeting these readers. 
The results from qPCR and Western blot showed that 
silencing YTHDF2 effectively increased the 
expression of SOX18, whereas silencing other readers 
had no impact on SOX18 levels (Figures 5D–5K). 
Actinomycin D assays further confirmed that 
knocking down YTHDF2 enhanced the stability of 
SOX18 mRNA, suggesting that YTHDF2 may inhibit 
SOX18 expression by reducing the stability of SOX18 
mRNA (Figure 5L). Similarly, when the m6A sites on 
SOX18 mRNA were mutated, changes in YTHDF2 

levels no longer affected SOX18 mRNA stability 
(Figure 5M). RIP-qPCR experiments confirmed that 
LPS treatment increased the binding of YTHDF2 to 
SOX18 mRNA. Importantly, when RBM15 was 
silenced, the binding of YTHDF2 to SOX18 mRNA 
decreased, further indicating that RBM15-mediated 
m6A modification of SOX18 mRNA is recognized by 
YTHDF2, which drives the reduction of SOX18 
mRNA stability (Figure 5N). The following rescue 
experiments confirmed that SOX18 knockdown 
reversed the decrease in PTX3 induced by RBM15 or 
YTHDF2 knockdown, while SOX18 overexpression 
inhibited the increase in PTX3 caused by RBM15 or 
YTHDF2 overexpression (Figures S5A and S5B). 
Additionally, YTHDF2 overexpression suppressed 
the SOX18 increase induced by RBM15 knockdown, 
while YTHDF2 knockdown reversed the SOX18 
decrease caused by RBM15 overexpression (Figure 
S5C), confirming the co-regulatory effect of RBM15 
and YTHDF2 on SOX18 expression. Immunofluores-
cence results demonstrated that knocking down 
YTHDF2 significantly improved SOX18 expression 
levels (Figure 5O). Subsequently, we validated our 
findings in vivo. Similar to the in vitro results, the 
mRNA and protein levels of YTHDF2 were elevated 
in the cardiac tissues of the SIC group (Figures 5P and 
5Q, Figure S5D). Knocking down YTHDF2 in mouse 
cardiomyocytes using AAV-CTNT-shYTHDF2 
effectively increased SOX18 expression in cardiac 
tissues (Figures 5R and 5S, Figure S5E). RIP-qPCR 
further confirmed that the elevated binding of 
YTHDF2 to SOX18 mRNA in the cardiac tissues of SIC 
mice was mediated by RBM15 (Figure 5T). These 
findings collectively demonstrate that in SIC, RBM15 
catalyzes the m6A modification of SOX18 mRNA, and 
YTHDF2 recognizes these modifications, leading to 
decreased stability of SOX18 mRNA and reduced 
SOX18 expression. 

Inhibition of RBM15/YTHDF2 effectively 
attenuates pyroptosis in cardiomyocytes 
during SIC 

Building on the results above, we established 
that RBM15 and YTHDF2 are key drivers of the 
downregulation of SOX18 (Figures 4-5). The 
reduction in SOX18 leads to an increase in PTX3, 
which contributes to pyroptosis in cardiomyocytes 
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during SIC (Figures 1-3). Therefore, we hypothesized 
that inhibiting RBM15 and YTHDF2 could mitigate 

PTX3 expression and alleviate pyroptosis and cardiac 
dysfunction by improving SOX18 levels.  

 

 
Figure 5. YTHDF2 influences the stability of SOX18 mRNA. (A) m6A readers associated with RBM15. (B) qPCR detection of YTHDF1, YTHDF2, YTHDC1, and 
IGF2BP2 mRNA expression in primary mouse cardiomyocytes (n = 6). (C) Western blot detection of YTHDF1, YTHDF2, YTHDC1, and IGF2BP2 protein expression in primary 
mouse cardiomyocytes (n = 3). (D-K) Changes in SOX18 expression detected by qPCR and Western blot after knockdown of YTHDF1, YTHDF2, YTHDC1, and IGF2BP2 in 
LPS-treated primary mouse cardiomyocytes. (L) RNA stability assay for SOX18. (M) Dual-luciferase reporter assay. (N) RIP-qPCR results of primary mouse cardiomyocytes (n 
= 3). (O) Immunofluorescence analysis of YTHDF2 and SOX18 expression in primary mouse cardiomyocytes. Scale bar: 25 μm. (P) qPCR detection of YTHDF2 mRNA 
expression in mouse cardiac tissue (n = 6). (Q) Western blot detection of YTHDF2 mRNA expression in mouse cardiac tissue (n = 6). (R) qPCR detection of YTHDF2 and 
SOX18 mRNA expression in mouse cardiac tissue (n = 6). (S) Western blot detection of YTHDF2 and SOX18 protein expression in mouse cardiac tissue (n = 6). (T) RIP-qPCR 
results of mouse cardiac tissue (n = 3). 
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To test this hypothesis, we treated LPS-induced 
primary mouse cardiomyocytes with siRNAs 
targeting RBM15 and YTHDF2, either individually or 
in combination. qPCR and Western blot analyses 
showed that knocking down RBM15 and/or YTHDF2 
significantly reduced the levels of PTX3 and 
pyroptosis markers (Figures 6A and 6B). Scanning 
electron microscopy revealed that RBM15 and 
YTHDF2 inhibition alleviated membrane perforation 
associated with pyroptosis (Figure 6C). Furthermore, 
flow cytometry (Figure 6D) and TUNEL staining 
(Figure 6E) confirmed that silencing RBM15 and 
YTHDF2 inhibited LPS-induced cell death in 
cardiomyocytes. We then assessed the effects of in 
vivo interference with RBM15/YTHDF2 on SIC mice. 
The results demonstrated that interference with 
RBM15/YTHDF2 effectively reduced the levels of 
pyroptosis markers in cardiac tissue of SIC mice 
(Figures 6F-6I), alleviated SIC-induced cardiac 
dysfunction (Figure 6J, Figure S6A), and attenuated 
myocardial injury (Figure 6K, Figures S6B, S6C, 
S6D). Additionally, it lowered the average levels of 
circulating pyroptosis markers (Figures S6E, S6F). 

Validation of the RBM15/YTHDF2-SOX18- 
PTX3 axis in the cecal ligation and puncture 
(CLP) model 

Considering that the CLP model is also a classic 
SIC model and more clinically relevant, we performed 
the CLP-induced mouse model and validated the 
findings previously observed in the LPS-induced SIC 
model. We conducted RNA-Seq experiments on heart 
tissues from the Sham and CLP groups (Figure 7A). 
GSEA results showed significant enrichment of the 
pyroptosis pathway in the CLP group (Figure 7B), 
and heatmap analysis revealed elevated levels of core 
pyroptosis-related molecules, including NLRP3 and 
GSDMD (Figure 7C). Importantly, we observed 
increased expression of RBM15, YTHDF2, and PTX3, 
alongside decreased SOX18 expression in the heart 
tissues of CLP mice (Figure 7D), consistent with our 
observations in LPS-induced models. 

To investigate the molecular mechanisms, we 
performed ChIP-qPCR experiments, which 
demonstrated suppressed binding of SOX18 to the 
PTX3 promoter region in the CLP model (Figure 7E). 
To determine whether SOX18 expression in the CLP 
model is influenced by m6A modifications, we 
performed Dot blot analyses, confirming an overall 
increase in m6A modification levels in the CLP group 
(Figure 7F). To further explore the mechanism of 
SOX18 m6A modification, we conducted MeRIP-seq, 
which showed increased m6A modification in the 
5'UTR, CDS, and 3'UTR regions of total RNA in CLP 

mice (Figure 7G). Visualization of m6A modifications 
revealed significantly elevated m6A levels in the CDS 
region of SOX18 in the CLP group compared to the 
Sham group. The enriched sites aligned with those 
identified in the LPS-induced model (Figure 7H). 
MeRIP-qPCR further validated these findings (Figure 
7I), and RIP-qPCR confirmed increased binding of 
RBM15 to SOX18 mRNA in the CLP group (Figure 7J). 

Using PTX3-cKO mice and tools such as 
AAV-cTnT-SOX18/shRBM15/shYTHDF2, we regula-
ted key targets in the CLP model. Results showed that 
PTX3 knockout effectively suppressed pyroptosis in 
myocardial tissues. SOX18 overexpression reduced 
PTX3 expression and inhibited pyroptosis. Knocking 
down RBM15 or YTHDF2 restored SOX18 expression 
and reduced pyroptosis (Figure 7K). Echocardio-
graphy confirmed that SOX18 overexpression or 
interference with PTX3/RBM15/YTHDF2 
significantly improved cardiac function in CLP mice 
(Figure 7L). SOX18 overexpression also restored its 
binding to the PTX3 promoter (Figure 7M). 
Furthermore, RBM15 knockdown reduced m6A 
modification levels of SOX18 mRNA in the 
myocardium of CLP mice (Figure 7N). 

In summary, we have validated our previous 
findings in the CLP model: elevated RBM15 and 
YTHDF2 in CLP mice promote m6A modification of 
SOX18, leading to its downregulation. Low SOX18 
levels fail to transcriptionally repress PTX3, resulting 
in myocardial pyroptosis and impaired cardiac 
function. 

Discussion 
In this study, we have made three key findings. 

First, we identified PTX3 as a critical component of 
the NLRP3 inflammasome. PTX3 is significantly 
upregulated during the progression of SIC and 
triggers pyroptotic responses. Inhibition of PTX3 
effectively mitigates cardiomyocyte pyroptosis in SIC. 
Second, we discovered that the downregulation of 
SOX18 in SIC is a major factor contributing to the 
increased expression of PTX3. Under physiological 
conditions, SOX18 binds to the promoter region of 
PTX3 and suppresses its transcription. However, 
during SIC, the reduced expression of SOX18 results 
in the failure to effectively inhibit PTX3 elevation. 
Third, we demonstrated that the downregulation of 
SOX18 in SIC is mediated by RBM15/YTHDF2. 
RBM15 catalyzes the m6A modification of SOX18 
mRNA, and YTHDF2 recognizes this m6A 
modification, reducing the stability of SOX18 mRNA, 
which leads to decreased SOX18 expression. 
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Figure 6. Inhibition of RBM15/YTHDF2 effectively attenuates pyroptosis in cardiomyocytes during SIC. (A) qPCR detection of PTX3 and NLRP3 mRNA 
expression in primary mouse cardiomyocytes (n = 6). (B) Western blot detection of PTX3 and NLRP3 protein expression in primary mouse cardiomyocytes (n = 3). (C) SEM 
results of primary mouse cardiomyocytes. The red arrows indicate the membrane rupture observed during pyroptosis. (D) Flow cytometry analysis of Active-Casp1 in primary 
mouse cardiomyocytes (n = 3). (E) TUNEL staining results of primary mouse cardiomyocytes (n = 6). (F) qPCR detection of PTX3 and NLRP3 mRNA expression in mouse cardiac 
tissue (n = 6). (G) Western blot detection of PTX3 and NLRP3 protein expression in mouse cardiac tissue (n = 3). (H, I) Immunohistochemistry analysis of IL-1β and IL-18 
expression in mouse cardiac tissue. Scale bar: 20 μm. (J) Echocardiography results in mice (n = 6). (K) TUNEL staining results of mouse cardiac tissue (n = 6). Scale bar: 25 μm. 
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Figure 7. Validation of the RBM15/YTHDF2-SOX18-PTX3 axis in the CLP model. (A) Experimental design of Sham and CLP groups in mice. (B) GSEA analysis of 
pyroptosis-related pathway changes in the heart of CLP group mice. (C) Heatmap showing the differential expression of pyroptosis-related genes in the heart of Sham and CLP 
group mice. (D) Heatmap showing the differential expression of PTX3, RBM15, YTHDF2, and SOX18 in the heart of Sham and CLP group mice. (E) ChIP-PCR/qPCR results of 
Sham and CLP group mice heart (n = 6). (F) Dot blot results. (G) m6A modification status of all mRNAs in the heart of Sham and CLP group mice. (H) m6A modification status 
of SOX18 mRNA in the heart of Sham and CLP group mice. (I) MeRIP-qPCR results of SOX18 mRNA in the heart of Sham and CLP group mice (n = 6). (J) RIP-qPCR results of 
SOX18 mRNA in the heart of Sham and CLP group mice (n = 6). (K) Immunoblot results for heart tissues from different groups of mice (n = 6). (L) Echocardiographic results 
from mice in different groups (n = 6). (M) ChIP-PCR/qPCR results of heart from CLP and CLP+AAV-SOX18 groups (n = 6). (N) MeRIP-qPCR results of SOX18 mRNA in the 
heart of CLP and CLP+AAV-shRBM15 groups (n = 6). 
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PTX3 is an acute-phase protein and a member of 
the pentraxin family, playing a crucial role in immune 
regulation. Synthesized and stored in various cell 
types, current evidence suggests that PTX3 serves as a 
key mediator at the intersection of inflammation, 
immunity, tissue repair, and tumorigenesis. In 
cardiovascular diseases, PTX3 contributes to disease 
progression through mechanisms such as 
exacerbating endothelial dysfunction, influencing 
angiogenesis, and regulating inflammation and 
oxidative stress[16, 17]. Furthermore, PTX3 levels are 
positively correlated with the risk of adverse 
outcomes in patients with coronary artery disease[18], 
indicating its potential as a biomarker for 
cardiovascular conditions. Literature reports indicate 
that PTX3 is a significant factor contributing to cardiac 
dysfunction in various heart diseases. For instance, 
PTX3 may exacerbate trastuzumab-induced cardiac 
complications by inducing cardiomyocyte contractile 
dysfunction[19]. Additionally, PTX3 has been 
reported to cause cardiac electrophysiological 
disturbances, mitochondrial dysfunction, and 
cardiomyocyte apoptosis[20]. The knockout of PTX3 
has been shown to promote recovery after myocardial 
infarction by inhibiting fibrosis[21]. However, other 
studies suggest that PTX3 may exhibit 
cardioprotective effects under certain conditions, such 
as providing cardioprotection in hypertensive rats[22] 
and alleviating hypoxia/reoxygenation (H/R) injury 
in H9C2 cells[23]. Given these conflicting findings, it 
is imperative to investigate the role and mechanisms 
of PTX3 in SIC with greater caution. Building on these 
findings and our transcriptomic analysis, we 
investigated the role of PTX3 in the mechanism of 
cardiomyocyte pyroptosis. Our research revealed that 
PTX3 is involved in the assembly of the NLRP3 
inflammasome, thereby inducing pyroptosis and 
inflammation, which contributes to the impairment of 
cardiac function in SIC. However, the precise 
regulatory mechanisms of PTX3 in SIC require further 
investigation. 

SOX18 is a transcription factor that plays a 
critical regulatory role in the development of the heart 
and vascular system[24, 25]. Mutations or abnormal 
expression of the SOX18 gene are associated with 
various cardiac diseases, including congenital heart 
defects[26]. Additionally, SOX18 has been shown to 
have a protective role in sepsis, with its levels 
potentially serving as a prognostic marker for sepsis 
outcomes[14]. Our sequencing results confirmed that 
SOX18 is one of the most significantly downregulated 
transcription factors in cardiomyocytes during SIC. 
Subsequent experiments demonstrated that SOX18 
binds to the promoter region of PTX3, inhibiting its 
transcription, and thereby suppressing inflammation 

and pyroptosis. However, during SIC, the abnormal 
downregulation of SOX18 diminishes this protective 
effect. Therefore, exploring the upstream mechanisms 
that regulate SOX18 is of critical importance. 

M6A is an internal modification found on 
eukaryotic mRNA, representing a form of RNA 
methylation. This modification occurs at the nitrogen 
atom in the 6th position of the adenosine (A) base in 
RNA molecules, forming M6A by the addition of a 
methyl group to the adenosine. M6A is one of the 
most abundant internal modifications on eukaryotic 
mRNA and plays a crucial role in various processes, 
including RNA stability, splicing, nuclear export, 
translation, and degradation[27]. M6A modification 
has been demonstrated to play significant roles in 
various cardiovascular diseases, including heart 
failure[28], atherosclerosis[29], and diabetic 
cardiomyopathy[30]. In our study, we observed that 
both the overall M6A modification levels and the 
M6A modification levels on SOX18 mRNA were 
elevated in the myocardium of SIC. This modification 
is mediated by the M6A writer RBM15 and 
recognized by the M6A reader YTHDF2, ultimately 
leading to decreased stability of SOX18 mRNA and 
reduced SOX18 protein levels.  

It is noteworthy that changes in SOX18 mRNA 
levels in SIC may also be regulated by other 
transcription factors (e.g., NF-kappaB)[31] and 
epigenetic modifications such as DNA methylation 
[32]. Similarly, as the m6A modification site of SOX18 
is located within its CDS region, it may influence 
SOX18 protein expression through various 
mechanisms, including promoting translation 
initiation[33], causing translation stalling[34], or 
recruiting translation factors[35]. We have only 
demonstrated that the m6A modification of SOX18 is 
an effective therapeutic target in SIC treatment; other 
underlying mechanisms still require further in-depth 
investigation. 

Regarding the mouse SIC model, there are both 
LPS-induced[4] and CLP-induced[36] SIC models. In 
this study, we have validated the key conclusions in 
both of these models. Using strain analysis, including 
GLS (Global Longitudinal Strain), to assess cardiac 
function may be a superior indicator[37]. In the 
extraction and study of primary cardiomyocytes, 
there are different approaches, including extraction 
from adult mouse hearts and neonatal mouse hearts. 
The advantage of using adult mice for extraction is the 
better maturity and stability of the cardiomyocytes, 
but the extraction process is more challenging. In 
contrast, neonatal mouse extraction offers the 
advantages of higher cell viability, easier extraction, 
and lower risk of contamination. However, it requires 
the use of a larger number of mice and there are 
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certain physiological differences between neonatal 
and adult mouse cardiomyocytes. In this study, we 
employed neonatal mice for cardiomyocyte 
extraction, and in subsequent research, we plan to 
explore different extraction methods to assess their 
differences, and we aim to introduce the Ionoptix 
system to conduct a more in-depth study of the 
contraction function and calcium dynamics changes 
in SIC cardiomyocytes[38]. 

Conclusion 
In summary, we have delineated the 

RBM15/YTHDF2-SOX18-PTX3 axis in SIC. The 
abnormally elevated levels of RBM15 and YTHDF2 in 
SIC cardiomyocytes mediate the m6A modification of 
SOX18, leading to the downregulation of SOX18 
expression. The reduced levels of SOX18 fail to 
effectively repress PTX3 transcription, resulting in 
elevated PTX3 levels that contribute to inflammasome 
formation and pyroptosis, further exacerbating 
cardiac dysfunction. 

Methods 
Animals 

This study was approved by the Institutional 
Animal Care and Use Committee of the Air Force 
Medical University. Eight-week-old SPF-grade 
C57BL/6J mice were purchased from the 
Experimental Animal Center of the Air Force Medical 
University. The mice were housed in a controlled 
environment with a 12-h light/dark cycle and 
provided with adequate food and water. The 
LPS-induced SIC model was established by 
intraperitoneal injection of LPS (6.67 mg/kg, 72 h, or 
10mg/kg, 24h). After the corresponding assessments, 
the mice were euthanized. The CLP-induced SIC 
model was established following the method 
described in the literature.[39] The corresponding 
assessments were performed at 24 h, and the mice 
were then euthanized. 

Isolation and culture of primary mouse 
cardiomyocytes 

Neonatal (1-3 days old) SPF-grade C57BL/6J 
mice were obtained from the Experimental Animal 
Center of the Air Force Medical University. The 
primary cardiomyocyte extraction method follows the 
procedure described in the reference[40]. The in vitro 
SIC model was simulated in primary cardiomyocytes 
using LPS at a final concentration of 5 μg/ml, and the 
cells were cultured for 48 h. 

siRNA/plasmid/adeno-associated virus 
transfection 

For cell transfection, siRNA or plasmids were 
transfected using Lipofectamine™ 2000 (11668019, 
Thermo Fisher Scientific, USA) or jetPRIME 
transfection reagent (101000015, Polyplus, France) 
according to the manufacturer's instructions. For in 
vivo studies, adeno-associated virus (AAV) was 
administered via tail vein injection with a viral titer of 
1.8 × 10¹² vg/ml. 

RNA-sequencing 
Total RNA was extracted using Trizol reagent 

(thermofisher, 15596018), and its quantity and purity 
were assessed with a Bioanalyzer. High-quality RNA 
(RIN > 7.0) was used for library construction. mRNA 
was purified from total RNA, fragmented, and 
reverse-transcribed into cDNA. U-labeled 
second-stranded DNA was synthesized, followed by 
adapter ligation and size selection. The DNA was then 
amplified by PCR and the cDNA library with an 
average insert size of 300±50 bp was sequenced using 
2×150bp paired-end sequencing on an Illumina 
Novaseq™ 6000. 

Echocardiography 
Mice were anesthetized and placed in a supine 

position. The dimensions of the left ventricle, 
including end-diastolic and end-systolic diameters, 
were measured from the parasternal short-axis view. 
Left ventricular ejection fraction (LVEF) and fractional 
shortening (FS) were calculated based on these 
measurements to assess the cardiac systolic function. 
To evaluate diastolic function, The E and A wave data 
were obtained through pulsed-wave Doppler, while 
the E' and A' wave data were obtained through tissue 
Doppler. 

TUNEL assay 
For tissue sections: Deparaffinize the tissue 

sections, followed by antigen retrieval using 
Proteinase K. Next, treat the sections with a 
membrane permeabilization solution. Incubate the 
sections in TUNEL reaction mixture (G1502, 
Servicebio, China). After incubation, counterstain 
with DAPI and mount the sections with an 
anti-fluorescence quenching agent. Capture images 
using a fluorescence microscope (Nikon Eclipse C1, 
Nikon, Japan). 

For cell slides: According to the manufacturer's 
instructions (G1502, Servicebio, China), apply the 
permeabilization working solution to the cell slides 
and incubate for 20 min at room temperature. Then, 
apply the TUNEL reagent to the slide, ensuring it 
covers the cells, and incubate at 37°C for 2 h. Finally, 
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mount the slides with an anti-fluorescence quenching 
medium containing DAPI (S2110, Solarbio, China), 
and capture images using a fluorescence microscope 
(Nikon Eclipse C1, Nikon, Japan). 

qPCR assay 
Total RNA was extracted using TRIzol reagent 

(15596018, Thermofisher, USA). The extracted RNA 
was then reverse transcribed into cDNA. The 
resulting cDNA was amplified using specific primers 
(Sangon, China) and 2× Universal Blue SYBR Green 
qPCR Master Mix (G3326, Servicebio, China). The 
amplification was carried out on a CFX Connect 
Real-Time PCR Detection System (Bio-Rad, China). 
The sequences of the primers (F, R; 5’-3’) are as 
follows: 

PTX3: CTGCCCGCAGGTTGTGAA, TGGTCTC 
ACAGGATGCACG. 

NLRP3: CAAGGCTGCTATCTGGAGGAA, 
TGCAACGGACACTCGTCATC. 

SOX18: TGAGCAAGATGCTGGGCAAAG, 
GCGAGGCCGGTACTTGTAGT. 

HIC1: TCCCCTAACCGGGGCAA, CCAGCACA 
CTCTCCCGATTTA. 

ATF3: GTCACCAAGTCTGAGGCGG, GTTTCG 
ACACTTGGCAGCAG. 

FOXF1: CAAGCAACAGCCTCTGTCCC, TACC 
GAGGGATGCCTTGCAG. 

METTL3: CTTGCCATCTCTACGCCAGA, TCTT 
GGAGGAGACCTCGCTT. 

METTL14: TATGCTTGCGAAAGTGGGGT, 
CCATCAGGCAATGCTCCTTTG. 

WTAP: AAAGCAGCAACAGCAGGAGT, 
GGTACTGGATTTGAGTGGTGC. 

RBM15: TCATGCCTTCCCACCTTGTG, GTTCA 
CCAGTTTTGCACGGA. 

ALKBH5: TGACTGTGCTCAGTGGGTATG, 
CCTGAGAATGATGACCGCCC. 

FTO: CTTCACCAGGGAGACTGCTAT, 
GGTGCCTGTTGAGCACTCTG. 

YTHDF1: AGGTGGTGCGTAAGGAAAGAC, 
GGAGACAGCACCAAGCATACA. 

YTHDF2: CACAGGCAAGGCCGAATAAT, 
ACCAAGCAGCTTCACCCAAA. 

YTHDC1: GCCGGGAGGAGAAAGATGG, 
ATACAATTCATCATCCTGTTCTGGT. 

IGF2BP2: CTGGCCGTTAACCAACAAGC, GCA 
CAGACAGTCCAGTCGAA. 

B-ACTIN: CACTGTCGAGTCGCGTCC, CGC 
AGCGATATCGTCATCCA. 

Western blotting 
Proteins from tissues or cells were extracted 

using RIPA lysis buffer (P0013C, Beyotime, China) 
and quantified. The protein samples were mixed with 

SDS-PAGE sample buffer (P0015L, Beyotime, China) 
and denatured at 100°C. Following electrophoresis, 
the proteins were transferred to a membrane, blocked, 
incubated with primary antibodies, and subsequently 
with secondary antibodies. Detection was performed 
using an appropriate chemiluminescence reagent. The 
details of the antibodies used are as follows: PTX3: 
13797-1-AP, Proteintech, China; NLRP3, 68102-1-Ig, 
Proteintech, China; Caspase1: 22915-1-AP, 
Proteintech, China; GSDMD: ab209845, Abacm, UK, 
Beta Actin: 66009-1-Ig, Proteintech, China; SOX18: 
ab66145, Abacm, UK; METTL3: 15073-1-AP, 
Proteintech, China; METTL14: 26158-1-AP, 
Proteintech, China; WTAP: 60188-1-Ig, Proteintech, 
China; RBM15: 10587-1-AP, Proteintech, China; 
YTHDF1: 17479-1-AP, Proteintech, China; YTHDF2: 
24744-1-AP,Proteintech, China; YTHDC1: 14392-1-AP, 
Proteintech, China; IGF2BP2: ab124930, Abacm, UK. 

Immunohistochemistry 
Paraffin-embedded tissue sections were 

deparaffinized and subjected to antigen retrieval. 
Endogenous peroxidase activity was blocked, and 
sections were subsequently incubated with serum 
blocking solution (GC305010, Servicebio, China). 
After overnight incubation with primary antibodies at 
4°C, secondary antibodies were applied and 
incubated at room temperature. DAB staining was 
performed to visualize the antigen, followed by 
nuclear counterstaining (G1212, Servicebio, China). 
The sections were then dehydrated, cleared, and 
mounted with a mounting medium. Images were 
captured using a microscope (E100, Nikon, Japan). 

Scanning electron microscopy 
Cell coverslips were rinsed with PBS and then 

fixed with glutaraldehyde (G1102, Servicebio, China). 
After fixation, samples were treated with 0.1M 
phosphate buffer (pH 7.4) and subjected to a graded 
dehydration series in ethanol (30%-100%). Following 
dehydration, samples were processed in a critical 
point dryer (K850, Quorum, UK) and then 
gold-coated (MC1000, Hitachi, Japan). Finally, images 
were captured using a scanning electron microscope 
(SU8100, Hitachi, Japan). 

Flow cytometry 
Cells were digested and centrifuged, then 

resuspended in PBS. Following the instructions of the 
Green Fluorescent FAM-FLICA® Caspase-1 (YVAD) 
Assay Kit (Kit 97, Immunochemistry, USA), cells were 
double-stained with Active-caspase-1 and PI. Flow 
cytometric analysis was performed using a flow 
cytometer (DxFlex, Beckman Coulter, USA). 
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Confocal microscopy 
Cells were plated in confocal dish plates and 

fixed with paraformaldehyde. After blocking and 
permeabilization, cells were incubated with primary 
antibodies followed by fluorescence-conjugated 
secondary antibodies (SA00003/SA00009, 
Proteintech, China). After mounting with an antifade 
reagent containing DAPI (S2110, Solarbio, China), 
images were acquired using a confocal microscope 
(FV3000, Olympus, Japan). 

Co-immunoprecipitation (CoIP) assay 
Cell lysates were prepared according to the 

instructions of the Co-immunoprecipitation Kit 
(abs955, Absin, China). After pre-clearing, specific 
primary antibodies against the target protein were 
added, with IgG antibodies used as controls. 
Following washing of the immune complexes, the 
precipitated protein samples were analyzed using the 
previously described Western blotting method. 

Chromatin immunoprecipitation (ChIP) assay 
ChIP analysis was performed using the 

SimpleChIP Plus Sonication Chromatin IP Kit 
(#56383, Cell Signaling Technology, USA). Initially, 
DNA and proteins were cross-linked and sonicated 
into small fragments. DNA fragments were then 
captured using either specific antibodies against the 
target protein or IgG as a control. The captured DNA 
was subsequently purified and subjected to PCR and 
qPCR analyses. PCR products were analyzed by 
agarose gel electrophoresis, and fold enrichment was 
calculated from the CT values obtained from qPCR. 

Dot blot assay 
Total RNA was extracted using TRIzol 

(15596018, Thermofisher, USA) and diluted with 
nuclease-free water to concentrations of 200 ng/μL 
and 100 ng/μL. The RNA was heated in a water bath 
at 70°C, then dot-blotted onto a nylon membrane 
under a nuclease-free environment. After UV 
crosslinking, the membrane was blocked with 5% BSA 
and incubated with an anti-m6A antibody (1D5E10, 
Proteintech, China). Following incubation with a 
secondary antibody, the membrane was developed 
using ECL. Methylene blue staining (0.02%) was 
performed for loading control visualization. 

RIP/MeRIP assay 
RIP/MeRIP assays were performed using the 

RIP/MeRIP Kit (Bes5101/Bes5203, Bersinbio, China). 
After RNA extraction and quality control, the RNA 
was fragmented. Immunoprecipitation was then 
conducted using antibodies against the target protein, 
m6A, or IgG as a control.  

RNA stability assay 
Cells were divided into 0-6h groups. 

Actinomycin D (HY-17559, MCE, China) was added 
to the culture medium at a final concentration of 10 
µg/ml to inhibit DNA transcription into RNA. RNA 
was extracted at each designated time point, and RNA 
stability was assessed by comparing the levels of RNA 
extracted at each time point with those from the 0h 
group using qPCR. 

Dual-luciferase reporter assay 
Cells were transfected with luciferase reporter 

plasmids containing either wild-type or mutant 
SOX18 mRNA sequences, along with either an empty 
vector or oe-RBM15 plasmid. The ratio of firefly 
luciferase (primary reporter) to Renilla luciferase 
(internal control) was used to assess the stability of 
SOX18 mRNA. 

Serum collection and analysis 
Following anesthesia, blood was collected from 

the retro-orbital plexus of the mice. The collected 
blood was transferred to centrifuge tubes and 
subjected to centrifugation at low temperature (4°C, 
3000 rpm for 10 min). The upper serum layer was 
carefully collected and analyzed using a biochemical 
analyzer. 

Statistical analysis 
Statistical analysis was performed using 

GraphPad Prism 9 software. For continuous variables 
that followed a normal distribution, Student’s t-test 
was used; for variables that did not follow a normal 
distribution, the Mann–Whitney U test was 
employed. Analysis of variance (ANOVA) was used 
to compare two or more variables across multiple 
groups. Pearson chi-square or Fisher's exact test was 
applied for categorical variable comparisons. Results 
are presented as mean ± SEM. A p-value less than 0.05 
was considered statistically significant. 

Abbreviations 
SIC: sepsis-induced cardiomyopathy; PTX3: 

Pentaxin 3; SOX: SRY-related HMG-box; RBM15: 
RNA binding motif protein 15; YTHDF2: YTH 
N6-methyladenosine RNA binding protein 2; LVEF: 
left ventricular ejection fraction; FS: fractional 
shortening; CO: cardiac output; CLP: cecal ligation 
and puncture; AAV: Adeno-associated virus. 

Supplementary Material  
Supplementary figures and tables. 
https://www.thno.org/v15p3532s1.pdf  



Theranostics 2025, Vol. 15, Issue 8 
 

 
https://www.thno.org 

3549 

Acknowledgments 
This study was supported by the National 

Natural Science Foundation of China (Grants 
82300541 and 82300388), the Key R&D Program of 
Shaanxi Province (2022ZDLSF02-01), the Special 
Support Project for Basic Research of Shaanxi 
Province (2023JC-XJ-11) and the Science and 
Technology Innovation Team Projects of Shaanxi 
Province (2024RS-CXTD-81). 

We thank Analysis & Testing Laboratory for Life 
Sciences and Medicine of Air Force Medical 
University for their assistance. 

Ethics statement 
This study was approved by the Welfare and 

Ethics Committee of the Experimental Animal Center 
at the Air Force Medical University. 

Data availability statement 
The raw RNA sequencing data and matrices 

used during the current study available from the 
corresponding author. 

Author contributions 
Conception and design: He Sun, Bin Zhang, 

Weixun Duan. 
Acquisition of data: Xinan Qiao, Xiangyan Peng, 

Hanzhao Zhu, Liyun Zhang, Liqing Jiang. 
Analysis and interpretation of data: Longteng 

Wang, Chao Xue. 
Drafting of the article: He Sun, Weixun Duan. 
Study supervision and funding acquisition: Jian 

Yang, Wei Yi, Jincheng Liu, Weixun Duan. 
All authors have read and approved the final 

manuscript. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Cajander S, Kox M, Scicluna BP, Weigand MA, Mora RA, Flohé SB, et al. 

Profiling the dysregulated immune response in sepsis: overcoming challenges 
to achieve the goal of precision medicine. The Lancet Respiratory medicine. 
2024; 12: 305-22. 

2. Hollenberg SM, Singer M. Pathophysiology of sepsis-induced 
cardiomyopathy. Nature reviews Cardiology. 2021; 18: 424-34. 

3. Lv X, Wang H. Pathophysiology of sepsis-induced myocardial dysfunction. 
Military Medical Research. 2016; 3: 30. 

4. Li N, Zhou H, Wu H, Wu Q, Duan M, Deng W, et al. STING-IRF3 contributes 
to lipopolysaccharide-induced cardiac dysfunction, inflammation, apoptosis 
and pyroptosis by activating NLRP3. Redox biology. 2019; 24: 101215. 

5. Newton K, Strasser A, Kayagaki N, Dixit VM. Cell death. Cell. 2024; 187: 
235-56. 

6. Yuan Q, Sun Y, Yang F, Yan D, Shen M, Jin Z, et al. CircRNA DICAR as a novel 
endogenous regulator for diabetic cardiomyopathy and diabetic pyroptosis of 
cardiomyocytes. Signal transduction and targeted therapy. 2023; 8: 99. 

7. Peri G, Introna M, Corradi D, Iacuitti G, Signorini S, Avanzini F, et al. PTX3, A 
prototypical long pentraxin, is an early indicator of acute myocardial 
infarction in humans. Circulation. 2000; 102: 636-41. 

8. Ristagno G, Fumagalli F, Bottazzi B, Mantovani A, Olivari D, Novelli D, et al. 
Pentraxin 3 in Cardiovascular Disease. Frontiers in immunology. 2019; 10: 823. 

9. Gu Y, Shen J. Pentraxin-3 Promotes LPS-Induced Pyroptosis in Human 
Periodontal Ligament Stem Cells. Cells, tissues, organs. 2022; 211: 601-10. 

10. Grimm D, Bauer J, Wise P, Krüger M, Simonsen U, Wehland M, et al. The role 
of SOX family members in solid tumours and metastasis. Seminars in cancer 
biology. 2020; 67: 122-53. 

11. Wang L, Lin L, Qi H, Chen J, Grossfeld P. Endothelial Loss of ETS1 Impairs 
Coronary Vascular Development and Leads to Ventricular Non-Compaction. 
Circulation research. 2022; 131: 371-87. 

12. Zaccara S, Ries RJ, Jaffrey SR. Reading, writing and erasing mRNA 
methylation. Nature reviews Molecular cell biology. 2019; 20: 608-24. 

13. Wang X, Ding Y, Li R, Zhang R, Ge X, Gao R, et al. N(6)-methyladenosine of 
Spi2a attenuates inflammation and sepsis-associated myocardial dysfunction 
in mice. Nature communications. 2023; 14: 1185. 

14. Feng A, Ma W, Faraj R, Black SM, Wang T. SOX18-associated gene signature 
predicts sepsis outcome. American journal of translational research. 2022; 14: 
1807-17. 

15. Overman J, Fontaine F, Moustaqil M, Mittal D, Sierecki E, Sacilotto N, et al. 
Pharmacological targeting of the transcription factor SOX18 delays breast 
cancer in mice. eLife. 2017; 6: e21221. 

16. Ye X, Wang Z, Lei W, Shen M, Tang J, Xu X, et al. Pentraxin 3: A promising 
therapeutic target for cardiovascular diseases. Ageing research reviews. 2024; 
93: 102163. 

17. Matsubara J, Sugiyama S, Nozaki T, Sugamura K, Konishi M, Ohba K, et al. 
Pentraxin 3 is a new inflammatory marker correlated with left ventricular 
diastolic dysfunction and heart failure with normal ejection fraction. Journal of 
the American College of Cardiology. 2011; 57: 861-9. 

18. Liu H, Guan S, Fang W, Yuan F, Zhang M, Qu X. Associations between 
pentraxin 3 and severity of coronary artery disease. BMJ open. 2015; 5: 
e007123. 

19. Xu Z, Gao Z, Fu H, Zeng Y, Jin Y, Xu B, et al. PTX3 from vascular endothelial 
cells contributes to trastuzumab-induced cardiac complications. 
Cardiovascular research. 2023; 119: 1250-64. 

20. Chen YT, Masbuchin AN, Fang YH, Hsu LW, Wu SN, Yen CJ, et al. Pentraxin 3 
regulates tyrosine kinase inhibitor-associated cardiomyocyte contraction and 
mitochondrial dysfunction via ERK/JNK signalling pathways. Biomedicine & 
pharmacotherapy = Biomedecine & pharmacotherapie. 2023; 157: 113962. 

21. Xu Y, Hu Y, Geng Y, Zhao N, Jia C, Song H, et al. Pentraxin 3 depletion (PTX3 
KD) inhibited myocardial fibrosis in heart failure after myocardial infarction. 
Aging. 2022; 14: 4036-49. 

22. Chen W, Zhuang YS, Yang CX, Fang ZC, Liu BY, Zheng X, et al. The Protective 
Role of the Long Pentraxin PTX3 in Spontaneously Hypertensive Rats with 
Heart Failure. Cardiovascular toxicology. 2021; 21: 808-19. 

23. He D, Yan L. MiR-29b-3p aggravates cardiac hypoxia/reoxygenation injury 
via targeting PTX3. Cytotechnology. 2021; 73: 91-100. 

24. Liang J, Ul Hassan I, Yee Cheung M, Feng L, Lin YJ, Long Q, et al. Mechanistic 
study of transcription factor Sox18 during heart development. General and 
comparative endocrinology. 2024; 350: 114472. 

25. Afouda BA, Lynch AT, de Paiva Alves E, Hoppler S. Genome-wide 
transcriptomics analysis identifies sox7 and sox18 as specifically regulated by 
gata4 in cardiomyogenesis. Developmental biology. 2018; 434: 108-20. 

26. Shi HY, Xie MS, Yang CX, Huang RT, Xue S, Liu XY, et al. Identification of 
SOX18 as a New Gene Predisposing to Congenital Heart Disease. Diagnostics 
(Basel, Switzerland). 2022; 12: 1917. 

27. Fu Y, Dominissini D, Rechavi G, He C. Gene expression regulation mediated 
through reversible m⁶A RNA methylation. Nature reviews Genetics. 2014; 15: 
293-306. 

28. Berulava T, Buchholz E, Elerdashvili V, Pena T, Islam MR, Lbik D, et al. 
Changes in m6A RNA methylation contribute to heart failure progression by 
modulating translation. European journal of heart failure. 2020; 22: 54-66. 

29. Jian D, Wang Y, Jian L, Tang H, Rao L, Chen K, et al. METTL14 aggravates 
endothelial inflammation and atherosclerosis by increasing FOXO1 
N6-methyladeosine modifications. Theranostics. 2020; 10: 8939-56. 

30. Zhen J, Sheng X, Chen T, Yu H. Histone acetyltransferase Kat2a regulates 
ferroptosis via enhancing Tfrc and Hmox1 expression in diabetic 
cardiomyopathy. Cell death & disease. 2024; 15: 406. 

31. Zemskov EA, Gross CM, Aggarwal S, Zemskova MA, Wu X, Gu C, et al. 
NF-κB-dependent repression of Sox18 transcription factor requires the 
epigenetic regulators histone deacetylases 1 and 2 in acute lung injury. 
Frontiers in physiology. 2022; 13: 947537. 

32. Dammann R, Strunnikova M, Schagdarsurengin U, Rastetter M, Papritz M, 
Hattenhorst UE, et al. CpG island methylation and expression of 
tumour-associated genes in lung carcinoma. European journal of cancer 
(Oxford, England : 1990). 2005; 41: 1223-36. 

33. Zhou J, Wan J, Gao X, Zhang X, Jaffrey SR, Qian SB. Dynamic m(6)A mRNA 
methylation directs translational control of heat shock response. Nature. 2015; 
526: 591-4. 

34. Choi J, Ieong KW, Demirci H, Chen J, Petrov A, Prabhakar A, et al. 
N(6)-methyladenosine in mRNA disrupts tRNA selection and 
translation-elongation dynamics. Nature structural & molecular biology. 2016; 
23: 110-5. 

35. Su R, Dong L, Li Y, Gao M, He PC, Liu W, et al. METTL16 exerts an 
m(6)A-independent function to facilitate translation and tumorigenesis. 
Nature cell biology. 2022; 24: 205-16. 



Theranostics 2025, Vol. 15, Issue 8 
 

 
https://www.thno.org 

3550 

36. Zhang K, Wang Y, Chen S, Mao J, Jin Y, Ye H, et al. TREM2(hi) resident 
macrophages protect the septic heart by maintaining cardiomyocyte 
homeostasis. Nature metabolism. 2023; 5: 129-46. 

37. Song J, Yao Y, Lin S, He Y, Zhu D, Zhong M. Feasibility and discriminatory 
value of tissue motion annular displacement in sepsis-induced 
cardiomyopathy: a single-center retrospective observational study. Critical 
care (London, England). 2022; 26: 220. 

38. Busch K, Kny M, Huang N, Klassert TE, Stock M, Hahn A, et al. Inhibition of 
the NLRP3/IL-1β axis protects against sepsis-induced cardiomyopathy. 
Journal of cachexia, sarcopenia and muscle. 2021; 12: 1653-68. 

39. Siempos, II, Lam HC, Ding Y, Choi ME, Choi AM, Ryter SW. Cecal ligation 
and puncture-induced sepsis as a model to study autophagy in mice. Journal 
of visualized experiments : JoVE. 2014; (84): e51066. 

40. Feng J, Li Y, Nie Y. Methods of mouse cardiomyocyte isolation from postnatal 
heart. Journal of molecular and cellular cardiology. 2022; 168: 35-43. 

 


