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M6A regulator methylation 
patterns and characteristics 
of immunity in acute ST‑segment 
elevation myocardial infarction
Jingqi Yang , Qing Shangguan , Guobo Xie , Ming Yang * & Guotai Sheng 

M6A methylation is the most prevalent and abundant RNA modification in mammals. Although 
there are many studies on the regulatory role of m6A methylation in the immune response, the m6A 
regulators in the pathogenesis of acute ST-segment elevation myocardial infarction (STEMI) remain 
unclear. We comprehensively analysed the role of m6A regulators in STEMI and built a predictive 
model, revealing the relationship between m6A methylations and the immune microenvironment. 
Differential analysis revealed that 18 of 24 m6A regulators were significantly differentially expressed, 
and there were substantial interactions between the m6A regulator. Then, we established a classifier 
and nomogram model based on 6 m6A regulators, which can easily distinguish the STEMI and control 
samples. Finally, two distinct m6A subtypes were obtained and significantly differentially expressed in 
terms of infiltrating immunocyte abundance, immune reaction activity and human leukocyte antigen 
genes. Three hub m6A phenotype related genes (RAC2, RELA, and WAS) in the midnightblue module 
were identified by weighted gene coexpression network analysis, and were associated with immunity. 
These findings suggest that m6A modification and the immune microenvironment play a key role in 
the pathogenesis of STEMI.

Acute ST-segment elevation myocardial infarction (STEMI) is a common disease caused by coronary artery 
plaque rupture, thrombus blocking blood vessels, and finally causing acute myocardial ischaemic injury, which 
has become one of the main threats to human health1. With the continuous advancement of medicine, after effec-
tive interventional surgery and drug treatment, the early mortality rate of STEMI has been significantly reduced, 
but the overall mortality rate is still high, and adverse cardiovascular events after acute myocardial infarction 
are one of the main factors causing death of patients. The possible reason is that after myocardial infarction, 
necrotic cardiomyocytes release danger signals, activating innate immune pathways and triggering an intense 
inflammatory response2,3, and activation of innate immune pathways leads to a stronger inflammatory response 
and recruitment of leukocytes, thereby aggravating myocardial injury4,5. Therefore, accurate identification of 
the immune microenvironment characteristics of each acute myocardial infarction patient may reveal its key 
pathological mechanism, and the use of new immune-related therapy for patients with different immune char-
acteristics, can effectively reduce mortality and the occurrence of adverse cardiovascular events..

Currently, over 170 different types of RNA modifications have been reported, including m6A methylation, 
5-methylcytosine methylation, and N1-methyladenine methylation. Among them, m6A methylation is the most 
prevalent and abundant in mammals6,7. The m6A methylation refers to the methylation of the 6th N position of 
adenine in the RNA molecule, which is jointly regulated by methyltransferases (writers), demethylases (erasers) 
and methylation recognition proteins (readers)8. The biological process of m6A methylation affects the splic-
ing, transcription, translation and degradation of mRNA, thereby regulating cell differentiation, immunity and 
metabolism9,10. Recent studies have shown that m6A methylation participates in the pathogenesis, progression 
and treatment of multiple tumours by modulating immune responses11. For example, across cancers, m6A 
regulators may be important factors in the phenotypic modification of immune-related genes, thereby affecting 
tumour microenvironment characteristics12. In addition, the expression of m6A methylation regulatory factors 
was positively correlated with the degree of tumour stem cells and played an important role in anticancer drug 
sensitivity13. Although there have been many studies on the regulatory role of m6A methylation in the immune 
response, the m6A regulators in the pathogenesis of STEMI remain unclear.
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In our research, we systematically assessed the patterns of m6A methylation regulators in STEMI from 
the GEO database and built a predictive model, revealing the relationship between m6A methylations and 
the immune microenvironment. In addition, the immune characteristics and biological functions of different 
STEMI subtypes were analysed. The results of our study can enhance insight into the pathogenesis of STEMI 
from a new perspective.

Materials and methods
Data acquisition.  The datasets of GSE59867 and GSE48060 used in our study were obtained from the Gene 
Expression Omnibus (GEO) database (http://​www.​ncbi.​nlm.​nih.​gov/​geo/). GSE59867, based on the GPL6244 
platform, was published by Maciejak et al.14 and includes 111 peripheral blood samples from patients with STEMI 
at admission (STEMI group) and 46 patients with stable coronary artery disease (control group). The baseline 
clinical characteristics of the STEMI and control groups are summarized in Supplementary 1. Compared with 
the control group, the proportion of hypercholesterolemia was lower (P < 0.001), and the left ventricular ejection 
fraction measured on admission was significantly higher (P < 0.001) in the STEMI group.

GSE48060, based on GPL570, was used as the independent external validation set and included blood samples 
from 21 control and 31 AMI patients. The baseline clinical characteristics are also shown in Supplementary 1. 
There were significant differences in known clinical risk factors between the control group and AMI patients, 
including BMI, history of hypertension and the history of smoking (P < 0.05). However, therewere no differences 
in other risk factors between the two groups, such as total cholesterol, high -density lipoprotein, low density 
lipoprotein, history of diabetes, CAD family history and drug history.

The normalize between arrays function in the limma package15 was used to normalize the gene expression 
profiles. Probes corresponding to multiple genes were removed. If multiple probes were used to detect a gene, 
the expression level of the gene was calculated by the average expression of all probes. Then, the original expres-
sion matrix was obtained.

Alteration analysis of m6A regulators between the STMI and control groups.  Twenty-four m6A 
methylation regulators were based on published literature16–19. The differential expression of m6A methylation 
regulators between the STEMI group and the control group was analysed using the Wilcoxon rank sum test. 
Correlations among m6A RNA methylation regulators were determined using the “corrplot” package in R soft-
ware, and a P-value < 0.05 was considered to indicate statistical significance. The STRING database (https://​
string-​db.​org/) was used to construct the protein–protein interaction (PPI) network of 24 m6A regulators. The 
"RCircos" package was used to display the distribution of 24 m6A methylation regulators on chromosomes.

Development of a m6A gene signature for STEMI diagnosis.  Least absolute shrinkage and selec-
tion operator (LASSO) regression was used to select the best predictive features among 24 m6A methylation 
regulators. LASSO was performed by the ‘glmnet’ package (https://​CRAN.R-​proje​ct.​org/​packa​ge=​glmnet), and 
after 10 trials of fivefold cross-validation, the optimal model parameter λ was calculated20. The m6A methylation 
regulators with nonzero LASSO regression coefficients were included in multivariate logistical regression. Forest 
plots for multivariate logistical analysis were performed using the R package "ggplot2", with statistical signifi-
cance at p < 0.05. The final significant variables were the key m6A methylation regulators.

The random was set seed to 123, and the GSE59857 dataset was divided into a training set and a validation 
set at a ratio of 7:3. Receiver operating characteristic (ROC) curve analysis was utilized to determine the diag-
nostic effectiveness of combining the key m6A methylation regulators in discriminating STEMI from control 
patients in the training set and validation set. This classifier was also validated on an independent external dataset 
(GSE48060) and real-time quantitative polymerase chain reaction (qPCR). We then constructed a nomogram 
model using the ’rms’ package in R to predict the risk of STEMI based on the selected key m6A methylation 
regulators. In addition, the accuracy of the nomogram model was evaluated by calibration curve and decision 
curve analysis (DCA).

Whole blood samples were collected from five STEMI patients and five normal patients for qPCR to con-
firm the results. The duration of chest pain in STEMI patients was less than 12 h, and emergency percutaneous 
coronary intervention was performed. The study was approved by the Ethics Committee of Jiangxi Provincial 
People’s Hospital, and all patients signed informed consent forms. All patient samples were processed to isolate 
peripheral blood mononuclear cells (PBMCs) immediately after collection and stored at − 80 °C before RNA 
extraction. After the samples were pretreated, RNA was extracted using TRIzol reagent (Invitrogen), and qPCR 
was performed. Total RNA was reverse transcribed into complementary DNA by a qPCR real-time kit (Invitro-
gen) following the manufacturer’s instructions. Relative gene expression was analysed by the 2−ΔΔCT method with 
normalization to ACTB (internal reference gene). All primers used in this study are shown in Supplementary 1.

Correlation analysis between m6A methylation regulators and the immune microenviron‑
ment.  The immune microenvironment was evaluated by immune infiltration, immunoreactive activity and 
HLA family gene expression. The CIBERSORT algorithm was used to calculate immune cell infiltration in the 
GSE59867 dataset21. We conducted single-sample gene-set enrichment analysis (ssGSEA) to estimate the activity 
of immune reactions22. The infiltrating immunocyte gene-sets and the immune reaction gene-sets were down-
loaded from the ImmPort database (http://​www.​immpo​rt.​org)23. The expression of HLA family genes in differ-
ent patients was analysed in the GSE59867 dataset. The correlation between m6A methylation regulators and the 
immune microenvironment was calculated according to Spearman correlation analysis and using the “ggplot2” 
package in R for visualization.

http://www.ncbi.nlm.nih.gov/geo/
https://string-db.org/
https://string-db.org/
https://CRAN.R-project.org/package=glmnet
http://www.immport.org
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Consensus clustering analysis of m6A methylation patterns.  Consensus clustering analysis was 
performed to identify diverse m6A methylation subtypes utilizing the “ConsensusClusterPlus” package on the 
basis of the mRNA expression profiling of 24 m6A methylation regulators24. The consensus clustering algorithm 
runs the above steps 1000 times to guarantee the robustness of clustering. Principal component analysis was per-
formed to validate the 24 m6A methylation regulator expression subtypes. The differences in the expression of 
m6A methylation regulators and immune characteristics between distinct modification patterns were compared 
by the Kruskal–Wallis test.

Biological enrichment analysis for the two m6A patterns.  The "h.all.v7.5.symbols" and "c2.cp.kegg.
v7.5.symbols" gene sets were downloaded from the Molecular Signatures Database (MSigDB), and then the 
expression matrix of different subgroups was used to calculate the pathway activation scores by gene-set vari-
ation analysis (GSVA)25. The scores of pathway activation in different subtypes were also compared also using 
the "limma" package, with the cut-off criterion at P < 0.05. The results of enrichment analysis were visualized by 
GraphPad Prism software (version 9.0) and the R package ’clusterProfiler’.

Identification of m6A modification pattern genes.  The m6A regulator meditated genes with 
P < 0.00001 were considered differentially expressed genes by the ‘limma’ package15. GSEA was performed on 
m6A regulator- meditated genes, with a P value < 0.05 as the cut-off criterion, and visualized by the "ClusterPro-
filer" package.

The WGCNA package26 was used to construct a weighted gene coexpression network, identify the coexpressed 
gene modules, explore the correlation between the gene network and subtypes, and investigate hub genes in the 
network. The STRING database was used to construct a PPI network of key modules, and we used “Cytoscape” 
for visualization and analysis27.

Ethics approval and consent to participate.  The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki, and the study protocol was approved by the ethics committee of Jiangxi 
Provincial People’s Hospital.

Results
Expression level of m6A RNA methylation regulators between STEMI and control sam‑
ples.  We downloaded the gene expression profiling data of GSE59867 from the GEO database for subsequent 
analysis. We analysed a set of 24 well-known m6A regulators (9 writers, 2 erasers and 13 readers) to identify 
different patterns of m6A methylation. To analyse the overall expression of 24 m6A regulators in STEMI, we 
analysed their regulatory interactions (Fig. 1A) and chromosomal localization (Fig. 1B). Surprisingly, we noticed 
that m6A regulators of the same type showed a strong correlation (Fig. 1C). Correlation analysis revealed that, 
the reader YTHDC2 exhibited the most significant positive correlation with the reader LRPPRC, whereas the 
writers WTAP and RBM15B were the most negatively correlated (Fig. 1C). Next, we used the Wicoxon rank sum 
test to compare the differences in m6A regulators in the STEMI group and the control group. The results showed 
that 18 of the 24 m6A regulators were statistically significant (P < 0.05), and there was no significant difference in 
the expression of the writers CBLL1 and METTL3 or the readers HNRNPC, IGF2BP3, YTHDF2, and YTHDF3 
(P > 0.05) (Fig. 1D). The heatmap of the 24 m6A methylation genes were shown in Fig. 1E.

Construction of the clinical prediction model based on m6A methylation regulators.  To better 
investigate the role of m6A methylation regulators in the pathogenesis of STEMI, we established a nomogram 
of m6A regulators through a series of bioinformatics algorithms. First, after screening out 14 m6A methylation 
regulators with nonzero coefficients by LASSO regression (Fig. 2A,B), the remaining m6A methylation regu-
lators were then included in multivariate regression analysis. Multivariate logistic regression analysis showed 
that ALKBH5, FMR1, HNRNPC, KIAA1429, RBM15 and YTHDF2 were independent risk factors for STEMI 
(Fig. 2C). Then, we performed ROC analysis based on the feature models of the 6 m6A candidate genes and 
found that the area under the curve (AUC) was 0.942 in the training set (Fig. 2D) and 0.959 in the validation set 
(Fig. 2E). We also performed validation on an additional independent external validation set (GSE48060) with 
an AUC of 0.747 (Fig. 2F). In addition, the qPCR results showed that the six m6A candidate genes were differen-
tially expressed between the STEMI group and the control group (P < 0.05) (Fig. 2G). This result indicated that 
m6A regulators play a critical role in the occurrence and progression of STEMI, and can effectively distinguish 
STEMI and control samples. Finally, a nomogram model of 6 candidate m6A regulators was created according to 
the gene expression profiling data of GSE59867, and it was used to predict the risk of SETMI patients (Fig. 3A). 
In the calibration curve, the predicted probability of STEMI was consistent with the actual probability, indicating 
that the prediction of the nomogram model was accurate (Fig. 3B). Moreover, the DCA curve also confirmed 
that the nomogram model may benefit STEMI patients (Fig. 3C).

M6A methylation regulators were associated with the immune microenvironment in 
STEMI.  To elucidate the underlying mechanism between m6A methylation regulators and immune char-
acteristics, correlation analysis of m6A methylation regulators with immune cell infiltration, immune reaction 
gene-sets and human leukocyte antigen (HLA) genes was performed. The CIBERSORT algorithm was used to 
analyse the abundance of 22 immune cells, and found that most infiltrating immunocytes were differentially 
expressed between STEMI and control samples (Supplementary Fig. 1A). After excluding immune cells that 
were not expressed in all samples, correlation analysis revealed that infiltrating immune cells were moderately 



4

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15688  | https://doi.org/10.1038/s41598-023-42959-5

www.nature.com/scientificreports/

Fi
gu

re
 1

.  
L

an
ds

ca
pe

 o
f t

he
 2

4 
m

6A
 re

gu
la

to
rs

 in
 S

TE
M

I. 
(A

) Th
e c

om
po

sit
io

n 
of

 2
4 

m
6A

 m
et

hy
la

tio
n 

re
gu

la
to

rs
 an

d 
pr

ot
ei

n‒
pr

ot
ei

n 
in

te
ra

ct
io

ns
. (

B)
 C

hr
om

os
om

e s
ep

ar
at

io
n 

m
ap

 o
f 2

4 
m

6A
 

m
et

hy
la

tio
n 

re
gu

la
to

rs
. (

C
) C

or
re

la
tio

n 
he

at
-m

ap
 o

f 2
4 

m
6A

 m
et

hy
la

tio
n 

re
gu

la
to

rs
. Th

e t
w

o 
sc

at
te

r p
lo

ts
 re

pr
es

en
t t

he
 st

ro
ng

es
t p

os
iti

ve
 an

d 
ne

ga
tiv

e c
or

re
la

tio
ns

 b
et

w
ee

n 
m

6A
 m

et
hy

la
tio

n 
re

gu
la

to
rs

. (
D

) Th
e e

xp
re

ss
io

n 
of

 th
e m

6A
 m

et
hy

la
tio

n 
re

gu
la

to
r b

et
w

ee
n 

th
e S

TE
M

I a
nd

 co
nt

ro
l g

ro
up

s. 
(E

) H
ea

tm
ap

 o
f 2

4 
m

6A
 m

et
hy

la
tio

n 
re

gu
la

to
rs

 in
 th

e s
am

pl
es

.



5

Vol.:(0123456789)

Scientific Reports |        (2023) 13:15688  | https://doi.org/10.1038/s41598-023-42959-5

www.nature.com/scientificreports/

Fi
gu

re
 2

.  
C

on
st

ru
ct

io
n 

of
 a

 d
ia

gn
os

tic
 m

od
el

 to
 d

ist
in

gu
ish

 S
TE

M
I a

nd
 co

nt
ro

l s
am

pl
es

. (
A

) L
A

SS
O

 a
lg

or
ith

m
 to

 sc
re

en
 2

4 
m

6A
 m

et
hy

la
tio

n 
re

gu
la

to
rs

. (
B)

 T
en

fo
ld

 cr
os

s-
va

lid
at

io
n 

fo
r t

he
 

co
effi

ci
en

ts
 o

f 2
4 

m
6A

 m
et

hy
la

tio
n 

re
gu

la
to

rs
 in

 th
e L

A
SS

O
 m

od
el

. (
C

) M
ul

tiv
ar

ia
te

 an
al

ys
is 

of
 th

e n
on

ze
ro

 co
effi

ci
en

ts
 in

 th
e L

A
SS

O
 m

od
el

. (
D

) R
O

C
 cu

rv
e o

f t
he

 tr
ai

ni
ng

 se
t. 

(E
) R

O
C

 cu
rv

e 
of

 th
e v

al
id

at
io

n 
se

t. 
(F

) R
O

C
 cu

rv
e o

f t
he

 ex
te

rn
al

 v
al

id
at

io
n 

se
t (

G
SE

48
06

0)
. (

G
) q

PC
R 

va
lid

at
io

n 
of

 th
e m

6A
 ca

nd
id

at
e g

en
es

 b
et

w
ee

n 
ST

EM
I a

nd
 n

or
m

al
 co

nt
ro

ls.
 P

 v
al

ue
s w

er
e c

al
cu

la
te

d 
us

in
g 

a 
tw

o-
sid

ed
 u

np
ai

re
d 

St
ud

en
t’s

 t 
te

st
.



6

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15688  | https://doi.org/10.1038/s41598-023-42959-5

www.nature.com/scientificreports/

associated with m6A modulators (Fig.  4A). Among these immune cells, a positive correlation was found 
between YTHDC1 and resting memory CD4 T cells, while FTO was most negatively correlated with monocytes 
(Fig. 4A). Similarly, we analysed immune reactivity and HLA genes in STEMI and control patients. Supplemen-
tary Fig. 1B demonstrates that most of the immune response expression was significantly different between the 
STEMI and control groups, except for the B-cell receptor (BCR) signalling pathway. Moreover, most m6A regu-
lators were significantly correlated with immune responses, among which YTHDC2 was positively correlated 
with TGFb family member receptors and negatively correlated with cytokines (Fig. 4B), suggesting that immune 

Figure 3.   Construction of a nomogram model to predict the risk of SETMI. (A) The nomogram model of 6 
candidate m6A methylation regulators. Total points are obtained by incorporating the corresponding points of 6 
candidate m6A methylation regulators on the point scale. (B) The predicted probability of the nomogram model 
in the calibration curve. (C) The decision curve analysis demonstrated that the nomogram model may benefit 
STEMI patients. The construction and evaluation of the nomogram model were completed in the GSE93101 
dataset.
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dysregulation in STEMI was regulated by m6A methylation. For the HLA genes, only a few were significantly 
changed in the STEMI group (Supplementary Fig. 1C). Correlation analysis showed that HLA weakly correlated 
with m6A regulators. IGF2BP1 was most positively correlated with HLA-DPA2, and RBM15 was most nega-
tively correlated with HLA-DMA (Fig. 4C).

Identification of m6A methylation subtypes mediated by 24 m6A methylation regulators.  To 
investigate the m6A RNA methylation pattern in STEMI, we performed unsupervised consensus clustering 
analysis based on the expression of 24 m6A-regulated genes in STEMI samples, and two distinct subtypes of 

Figure 4.   The correlation between 24 m6A methylation regulators and the immune microenvironment in 
STEMI. (A) Correlation heatmap between 24 m6A methylation regulators and immune cell infiltration. The 
two scatter-plots represent the strongest positive and negative correlations between m6A methylation regulators 
and immunocytes, respectively. (B) Correlation heatmap between 24 m6A methylation regulators and immune 
reaction activity. The two scatter plots represent the strongest positive and negative correlations between m6A 
methylation regulators and immune reaction activity, respectively. (C) Correlation heatmap between 24 m6A 
methylation regulators and human leukocyte antigen genes. The two scatter-plots represent the strongest 
positive and negative correlations between m6A methylation regulators and human leukocyte antigen genes, 
respectively.
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STEMI were identified according to the cumulative distribution function (Fig. 5A–C). Among them, Subtype 1 
contained 69 cases, and Subtype 2 contained 42 cases. PCA showed that 24 m6A regulators could distinguish the 
majority of the STEMI samples in the two m6A patterns (Fig. 5D). Eighteen of the 24 m6A regulators showed 
marked differences between the two m6A subtypes (Fig. 5E,F), which also indicates the existence of diverse m6A 
modification patterns in STEMI.

Immune microenvironment and biological pathways in the distinct m6A methylation sub‑
types.  To identify the differences in immune microenvironment characteristics between different m6A sub-
types of STEMI, infiltrating immune cells, immune reaction activity and HLA genes were compared. We found 
that only three immune cells, cells, resting memory CD4 T cells, regulatory T cells, and M0 macrophages,, were 
different between the two m6A subtypes (Fig. 6A). For immune reaction activity, m6A methylation subtype 1 
had a stronger immune response than type 2. There were 10 immune responses more active in subtype 1, while 
only the TGFb family member receptor pathway was very active in subtype 2 (Fig. 6B). Similarly, all differentially 
expressed HLA genes were highly expressed in subtype 1 (Fig. 6C). The immune differences between the two 
distinct m6A subtypes also suggested that m6A RNA methylation regulators had a crucial regulatory role in 
immune microenvironment of STEMI.

Then, GSVA was used to assess the biological functional pathways in two distinct m6A subtypes. Subtype 1 
had more enriched pathways in immune related pathways, angiogenesis, coagulation and so on, whereas subtype 
2 was more enriched in metabolism related pathways, such as protein secretion, oxidative phosphorylation, fatty 
acid metabolism, and adipogenesis (Fig. 6D,E).

Identification of m6A mediated genes.  To further investigate which genes were involved in the molec-
ular mechanism of m6A methylation regulation, we identified m6A related genes and performed GSEA enrich-
ment analysis (Supplementary 2). The results showed that m6A phenotype-related genes were mainly enriched 
in immune-related pathways, such as the B-cell receptor signalling pathway, RIG-I-like receptor signalling path-
way and TNF signalling pathway (Fig. 7A). This finding also showed that m6A methylation can regulate the 
immune microenvironment in STEMI. WGCNA was used to identify key modules among different subtypes 
in STEMI. After performing hierarchical clustering analysis on the samples, correlation analysis was performed 
using the scale-free network module and different m6A subtypes (β = 16, Fig. 7B–D). The results showed that the 
midnightblue module was closely related to m6A subtype 1 (R = 0.77, P < 0.01, Fig. 7E). The genes with module 
membership (MM) > 0.8 and gene significance (GS) > 0.6 in the midnight blue module were regarded as the key 
genes (Fig. 7F). In addition, we imported the genes in the midnight blue module into the STRING database, con-
structed a PPI network via Cytoscape software, and identified 10 genes as significant candidates by ‘cytoHubba’ 
(Fig. 7G). Finally, we overlapped the significant candidates in the PPI network and the key genes in the mid-
nightblue module, and 3 hub m6A phenotype related genes, RAC2, RELA, and WAS, were identified (Fig. 7H).

Discussion
STEMI is one of the most dangerous diseases in clinical practice, and early prevention may reduce morbidity 
and mortality. Therefore, in recent years, researchers have been working to identify new biomarkers to improve 
the prediction and treatment of STEMI. RNA modifications play key roles in regulating molecular events and 
diseases28. Many studies have confirmed that immune cell infiltration is related to the occurrence and progression 
of STEMI. Many researchers are also actively studying the characteristics of the immune microenvironment in 
STEMI, which may have a significant beneficial impact on the long-term survival of patients with STEMI. M6A 
modification has the potential to broadly affect gene expression patterns and immune characteristics29,30. Studies 
have shown that the up- or downregulation of specific RNA m6A methylation regulators is associated with 
the occurrence of many diseases, while m6A modification mediates various molecular functions during RNA 
processing31,32. Moreover, m6A regulators are widely involved in the biological processes that promote tumour 
progression by regulating the immune microenvironment in multiple cancers and are associated with shortened 
survival13,33,34. Thus, it is unclear how m6A modification and its related modifier genes regulated in STEMI.

To better investigate these questions, we comprehensively analysed the role of m6A regulators in STEMI and 
revealed the relationship between m6A methylations and the immune microenvironment. First, we found that 
most m6A regulators were significantly differentially expressed between the STEMI and control groups and 
that there were substantial interactions between each m6A writer, eraser, and reader. Therefore, the biological 
function of m6A methylation regulators in STEMI may be the joint action of each effector. After LASSO and 
multivariate logistic analysis, we established a classifier and nomogram model based on 6 m6A regulators, 
which can easily distinguish the STEMI and control samples in the validation set and external independent 
validation set. The DCA curves suggested that the nomogram model may benefit STEMI patients. This 
finding also indicated that m6A methylation may play a crucial role in STEMI. Recent studies have found that 
ALKBH5 maintains angiogenesis in vascular endothelial cells after acute ischaemia, possibly due to its ability 
to reduce m6A methylation and downstream eNOS-AKT signalling35. FMR1 can protect cardiomyocytes from 
lipopolysaccharide-induced myocardial injury by regulating oxidative stress and apoptosis-associated factors36. 
Zhang et al. also found that the expression of KIAA1429 and YTHDF2 was upregulated in heart failure patients 
compared with that of healthy controls37. In general, few studies have explored the association of the six candidate 
m6A regulators with acute myocardial infarction, and further study of the mechanism is necessary in the future.

Then, we investigated the association of m6A methylation regulators with the immune microenvironment 
in STEMI, including immune cell infiltration, immune response activity, and the gene expression of HLAs. In 
immune cell infiltration, a positive correlation was found between YTHDC1 and resting memory CD4 T cells, 
while FTO was most negatively correlated with monocytes. Many studies have confirmed that the infiltration of 
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resting memory CD4 T cells is closely related tokey genes in AMI38–40, but further research on m6A methylation 
regulation is needed in the future. Ke et al. found that in a mouse model of ischaemia‒reperfusion injury, FTO 
overexpression attenuated hypoxia/reoxygenation-induced cardiomyocyte apoptosis and inflammation, and 

Figure 5.   Identification of m6A methylation subtypes by unsupervised consensus clustering. (A) Consensus 
clustering matrix of the 24 m6A methylation regulators for k = 2. (B) Consensus clustering cumulative 
distribution function for k = 2–10. (C) Relative change in the area under the cumulative distribution function 
curve for k = 2–10. (D) Principal component analysis for the two distinct subtypes of STEMI. (E) Heatmap of 24 
m6A methylation regulators between the two distinct subtypes in the STEMI samples. (F)The expression of the 
m6A methylation regulator in the two distinct subtypes of STEMI.
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Figure 6.   Diversity of immune characteristics in m6A subtypes and biological function. (A) Violin plot of all 
immune cell differentially infiltrated fractions. (B) Violin plot of the activity differences of immune reaction. 
(C) Violin plot of differential expression of 24 human leukocyte antigen genes. (D,E) Differences in the 
HALLMARKS pathway and KEGG pathway between the two distinct subtypes of STEMI.
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Figure 7.   Identification of m6A methylation mediated genes by weighted gene coexpression network analysis 
(WGCNA). (A) Gene-set enrichment analysis of m6A phenotype-related genes. (B) Sample clustering diagram of 
two distinct m6A subtypes of STEMI. (C) Clustering dendrogram of m6A phenotype-related genes with dissimilarity 
based on topological overlap. (D) Scale independence and mean connectivity analysis. When the soft‐threshold 
β = 16, the correlation coefficient was greater than 0.9. (E) Module–trait relationships between the different m6A 
subtypes and module eigengenes. (F) Scatterplot of gene significance for m6A subtype 1 vs. module membership in the 
midnightblue module. The dots in the red box are key genes with module membership > 0.8 and gene significance > 0.6. 
(G) The protein–protein interaction network of the genes in the midnight blue module. (H) Venn diagram of 
overlapping genes from the significant candidates in the PPI network and the key genes in the midnightblue module.
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FTO induced myocardial injury in a m6A-dependent manner41. Furthermore, altered expression of FTO was 
associated with m6A levels resulting in cardiac dysfunction after acute inflammation in rats42. The content of 
monocytes in the STEMI group was significantly higher than that in the control group. This finding was also 
consistent with the results of the immune infiltration analysis by Wu et al.40. Monocytes are recruited to the heart 
and trigger an intense immune and inflammatory response. Monocytes are pleiotropic cells of the innate immune 
system, and have a crucial effect on the initial immune response and myocardial repair after MI injury43. These 
findings enhance our insights into the m6A immune regulation mechanism in STEMI.

In addition, we obtained two distinct m6A RNA methylations based on the m6A expression profiles using 
the consensus clustering method. The active immune response activity and HLA gene expression were higher 
in m6A subtype 1 of STEMI, whereas, subtype 2 only had a higher abundance of infiltrating CD4 memory 
resting T cells and activation of the TGFb family member receptor pathway. GSVA enrichment analysis of the 
two subtypes found that subtype 1 was mainly enriched in immune-related pathways, including inflammatory 
response, TNF-α signalling via NF-KB, and IL6-JAK-STAT3 signalling, while subtype 2 was mainly enriched in 
metabolism-related pathways. The immune microenvironment of different subtypes also suggested the reliability 
of classification by different m6A regulators. It also helps us understand the underlying immune mechanisms of 
different STEMI subtypes, which can help to develop new targeted immunotherapies.

Finally, WGCNA was performed in the two distinct subtypes of STEMI samples and we found that the 
midnight blue module was associated with different m6A modification patterns, and further identified RAC2, 
RELA, and WAS, the three m6A methylation markers. RAC2 is a member of the small GTPases of the Rho family 
and can regulate the NADPH oxidase44. Several studies have confirmed that RAC2 affects the development of 
arteriosclerosis by regulating the activity of macrophages45–47. RELA, also known as NF-κB3 and p65, is a member 
of the NF-κB family. The NF-κB transcription factor family has important effects on innate and acquired immune 
responses and is a central mediator linking immunity and inflammation. The NF-κB signalling pathway has been 
confirmed to be associated with the occurrence and prognosis of acute myocardial infarction48,49. WAS is mainly 
involved in the formation of actin nucleation in vivo and plays a role in immune defence and homeostasis50. The 
mechanism by which WAS regulates acute myocardial infarction has not been studied, and it may be related to 
the regulation of T cells and B cells to play an immune role51. Based on the data available from previous studies, 
the three candidate m6A methylation markers are related to immunity, which again confirms the difference in 
immune characteristics between the two distinct subtypes.

Currently, epigenetic research in the field of acute myocardial infarction is limited and varied. The study 
of the m6A modification mechanism and immune microenvironment theory to explore the pathogenesis and 
treatment direction of acute myocardial infarction can fill the gap in epigenetic modification and immunity 
of acute myocardial infarction. Our study also found that the immune characteristics of STEMI patients were 
different, and immunotherapy for STEMI patients with different immune characteristics can effectively reduce 
the occurrence of major cardiovascular adverse events. However, our study also has some limitations that 
we must mention. First, in the Methods section, we analysed the m6A regulator and identified the immune 
microenvironment through bioinformatics, but did not confirm the relationship between the expression of 
key m6A genes and immune characteristics through a variety of different experimental methods. However, 
surprisingly, we obtained meaningful results in the joint evaluation of the ROC curve, qPCR and nomogram 
model. We will conduct further experimental research on this topic it in the future.. In addition, we did not 
have access to additional clinical data, such as cardiovascular-related risk factors, interventional therapy, and 
prognosis, which prevented us from correlating m6A patterns and other clinical features.

In conclusion, this study uncovered a potential regulatory mechanism of m6A methylation in STEMI, and 
a prediction model was built based on 6 m6A regulators. We further identified two distinct m6A subtypes with 
different immune microenvironments in STEMI, and 3 m6A subtype markers, all of which were immune-related 
genes. Thus, for m6A-based gene therapy, the development of m6A modulators or small molecular m6A agonists 
and antagonists, based on bioengineering materials, may have important clinical value in the treatment of STEMI. 
This study will help us to understand the underlying mechanisms of immune regulatory networks in STEMI and 
develop more effective immune-related treatments.

Data availability
Publicly available datasets were analyzed in this study. This data can be found here: https://​www.​ncbi.​nlm.​nih.​
gov/​gds/?​term=​GSE59​867 and https://​www.​ncbi.​nlm.​nih.​gov/​gds/?​term=​GSE48​060.

Received: 4 April 2023; Accepted: 16 September 2023

References
	 1.	 Lu, L., Liu, M., Sun, R., Zheng, Y. & Zhang, P. Myocardial infarction: Symptoms and treatments. Cell Biochem. Biophys. 72, 865–867. 

https://​doi.​org/​10.​1007/​s12013-​015-​0553-4 (2015).
	 2.	 Prabhu, S. D. & Frangogiannis, N. G. The biological basis for cardiac repair after myocardial infarction: From inflammation to 

fibrosis. Circ. Res. 119, 91–112. https://​doi.​org/​10.​1161/​circr​esaha.​116.​303577 (2016).
	 3.	 Anzai, A., Ko, S. & Fukuda, K. Immune and inflammatory networks in myocardial infarction: Current research and its potential 

implications for the clinic. Int. J. Mol. Sci. https://​doi.​org/​10.​3390/​ijms2​30952​14 (2022).
	 4.	 Mann, D. L. Innate immunity and the failing heart: The cytokine hypothesis revisited. Circ. Res. 116, 1254–1268. https://​doi.​org/​

10.​1161/​circr​esaha.​116.​302317 (2015).
	 5.	 Jian, Y. et al. Crosstalk between macrophages and cardiac cells after myocardial infarction. Cell Commun. Signal. 21, 109. https://​

doi.​org/​10.​1186/​s12964-​023-​01105-4 (2023).
	 6.	 Leonetti, A. M., Chu, M. Y., Ramnaraign, F. O., Holm, S. & Walters, B. J. An emerging role of m6A in memory: A case for trans-

lational priming. Int. J. Mol. Sci. https://​doi.​org/​10.​3390/​ijms2​12074​47 (2020).

https://www.ncbi.nlm.nih.gov/gds/?term=GSE59867
https://www.ncbi.nlm.nih.gov/gds/?term=GSE59867
https://www.ncbi.nlm.nih.gov/gds/?term=GSE48060
https://doi.org/10.1007/s12013-015-0553-4
https://doi.org/10.1161/circresaha.116.303577
https://doi.org/10.3390/ijms23095214
https://doi.org/10.1161/circresaha.116.302317
https://doi.org/10.1161/circresaha.116.302317
https://doi.org/10.1186/s12964-023-01105-4
https://doi.org/10.1186/s12964-023-01105-4
https://doi.org/10.3390/ijms21207447


13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:15688  | https://doi.org/10.1038/s41598-023-42959-5

www.nature.com/scientificreports/

	 7.	 Tang, Y. et al. m6A-Atlas: A comprehensive knowledgebase for unraveling the N6-methyladenosine (m6A) epitranscriptome. 
Nucleic Acids Res. 49, D134-d143. https://​doi.​org/​10.​1093/​nar/​gkaa6​92 (2021).

	 8.	 Zhang, H. et al. Dynamic landscape and evolution of m6A methylation in human. Nucleic Acids Res. 48, 6251–6264. https://​doi.​
org/​10.​1093/​nar/​gkaa3​47 (2020).

	 9.	 Furlan, M., Galeota, E., de Pretis, S., Caselle, M. & Pelizzola, M. m6A-dependent RNA dynamics in T cell differentiation. Genes 
https://​doi.​org/​10.​3390/​genes​10010​028 (2019).

	10.	 An, Y. & Duan, H. The role of m6A RNA methylation in cancer metabolism. Mol. Cancer 21, 14. https://​doi.​org/​10.​1186/​s12943-​
022-​01500-4 (2022).

	11.	 Gu, Y. et al. The evolving landscape of N(6)-methyladenosine modification in the tumor microenvironment. Mol. Ther. 29, 1703–
1715. https://​doi.​org/​10.​1016/j.​ymthe.​2021.​04.​009 (2021).

	12.	 Zhu, J., Xiao, J., Wang, M. & Hu, D. Pan-cancer molecular characterization of m(6)A regulators and immunogenomic perspective 
on the tumor microenvironment. Front. Oncol. 10, 618374. https://​doi.​org/​10.​3389/​fonc.​2020.​618374 (2020).

	13.	 Li, R. et al. Pan-cancer prognostic, immunity, stemness, and anticancer drug sensitivity characterization of N6-methyladenosine 
RNA modification regulators in human cancers. Front. Mol. Biosci. 8, 644620. https://​doi.​org/​10.​3389/​fmolb.​2021.​644620 (2021).

	14.	 Maciejak, A. et al. Gene expression profiling reveals potential prognostic biomarkers associated with the progression of heart 
failure. Genome Med. 7, 26. https://​doi.​org/​10.​1186/​s13073-​015-​0149-z (2015).

	15.	 Ritchie, M. E. et al. limma powers differential expression analyses for RNA-sequencing and microarray studies. Nucleic Acids Res. 
43, e47. https://​doi.​org/​10.​1093/​nar/​gkv007 (2015).

	16.	 Tong, J., Flavell, R. A. & Li, H. B. RNA m(6)A modification and its function in diseases. Front. Med. 12, 481–489. https://​doi.​org/​
10.​1007/​s11684-​018-​0654-8 (2018).

	17.	 Yang, Y., Muisha, M. B., Zhang, J., Sun, Y. & Li, Z. Research progress on N(6)-adenosylate methylation RNA modification in heart 
failure remodeling. J. Transl. Int. Med. 10, 340–348. https://​doi.​org/​10.​2478/​jtim-​2022-​0025 (2022).

	18.	 Sikorski, V., Vento, A. & Kankuri, E. Emerging roles of the RNA modifications N6-methyladenosine and adenosine-to-inosine in 
cardiovascular diseases. Mol. Ther. Nucleic Acids 29, 426–461. https://​doi.​org/​10.​1016/j.​omtn.​2022.​07.​018 (2022).

	19.	 Tao, H., Dong, L. & Li, L. N6-methyladenosine modulation classes and immune microenvironment regulation in ischemic stroke. 
Front. Mol. Neurosci. 15, 1013076. https://​doi.​org/​10.​3389/​fnmol.​2022.​10130​76 (2022).

	20.	 Xiong, Y., Ling, Q. H., Han, F. & Liu, Q. H. An efficient gene selection method for microarray data based on LASSO and BPSO. 
BMC Bioinform. 20, 715. https://​doi.​org/​10.​1186/​s12859-​019-​3228-0 (2019).

	21.	 Newman, A. M. et al. Robust enumeration of cell subsets from tissue expression profiles. Nat. Methods 12, 453–457. https://​doi.​
org/​10.​1038/​nmeth.​3337 (2015).

	22.	 Subramanian, A. et al. Gene set enrichment analysis: A knowledge-based approach for interpreting genome-wide expression 
profiles. Proc. Natl. Acad. Sci. USA 102, 15545–15550. https://​doi.​org/​10.​1073/​pnas.​05065​80102 (2005).

	23.	 Bhattacharya, S. et al. ImmPort, toward repurposing of open access immunological assay data for translational and clinical research. 
Sci. Data 5, 180015. https://​doi.​org/​10.​1038/​sdata.​2018.​15 (2018).

	24.	 Wilkerson, M. D. & Hayes, D. N. ConsensusClusterPlus: A class discovery tool with confidence assessments and item tracking. 
Bioinformatics 26, 1572–1573. https://​doi.​org/​10.​1093/​bioin​forma​tics/​btq170 (2010).

	25.	 Hänzelmann, S., Castelo, R. & Guinney, J. GSVA: Gene set variation analysis for microarray and RNA-seq data. BMC Bioinformatics 
14, 7. https://​doi.​org/​10.​1186/​1471-​2105-​14-7 (2013).

	26.	 Langfelder, P. & Horvath, S. WGCNA: An R package for weighted correlation network analysis. BMC Bioinform. 9, 559. https://​
doi.​org/​10.​1186/​1471-​2105-9-​559 (2008).

	27.	 Shannon, P. et al. Cytoscape: A software environment for integrated models of biomolecular interaction networks. Genome Res. 
13, 2498–2504. https://​doi.​org/​10.​1101/​gr.​12393​03 (2003).

	28.	 Farsetti, A., Illi, B. & Gaetano, C. How epigenetics impacts on human diseases. Eur. J. Intern. Med. 114, 15–22. https://​doi.​org/​10.​
1016/j.​ejim.​2023.​05.​036 (2023).

	29.	 Liang, J. et al. Novel insights into the roles of N(6)-methyladenosine (m(6)A) modification and autophagy in human diseases. Int. 
J. Biol. Sci. 19, 705–720. https://​doi.​org/​10.​7150/​ijbs.​75466 (2023).

	30.	 Liu, S., Wang, T., Cheng, Z. & Liu, J. N6-methyladenosine (m6A) RNA modification in the pathophysiology of heart failure: A 
narrative review. Cardiovasc. Diagn. Ther. 12, 908–925. https://​doi.​org/​10.​21037/​cdt-​22-​277 (2022).

	31.	 Zhang, Y. et al. m6A modification in RNA: Biogenesis, functions and roles in gliomas. J. Exp. Clin. Cancer Res. 39, 192. https://​
doi.​org/​10.​1186/​s13046-​020-​01706-8 (2020).

	32.	 Jiang, X. et al. The role of m6A modification in the biological functions and diseases. Signal Transduct. Target Ther. 6, 74. https://​
doi.​org/​10.​1038/​s41392-​020-​00450-x (2021).

	33.	 Du, J. et al. m6A regulator-mediated methylation modification patterns and characteristics of immunity and stemness in low-grade 
glioma. Brief. Bioinform. https://​doi.​org/​10.​1093/​bib/​bbab0​13 (2021).

	34.	 Shen, S. et al. Comprehensive analyses of m6A regulators and interactive coding and non-coding RNAs across 32 cancer types. 
Mol. Cancer 20, 67. https://​doi.​org/​10.​1186/​s12943-​021-​01362-2 (2021).

	35.	 Kumari, R. et al. ALKBH5 regulates SPHK1-dependent endothelial cell angiogenesis following ischemic stress. Front. Cardiovasc. 
Med. 8, 817304. https://​doi.​org/​10.​3389/​fcvm.​2021.​817304 (2021).

	36.	 Bao, J., Ye, C., Zheng, Z. & Zhou, Z. Fmr1 protects cardiomyocytes against lipopolysaccharide-induced myocardial injury. Exp. 
Ther. Med. 16, 1825–1833. https://​doi.​org/​10.​3892/​etm.​2018.​6386 (2018).

	37.	 Zhang, B. et al. Alteration of m6A RNA methylation in heart failure with preserved ejection fraction. Front. Cardiovasc. Med. 8, 
647806. https://​doi.​org/​10.​3389/​fcvm.​2021.​647806 (2021).

	38.	 Zhao, E., Xie, H. & Zhang, Y. Predicting diagnostic gene biomarkers associated with immune infiltration in patients with acute 
myocardial infarction. Front. Cardiovasc. Med. 7, 586871. https://​doi.​org/​10.​3389/​fcvm.​2020.​586871 (2020).

	39.	 Yu, C. & Zhou, W. Peripheral neutrophils and naive CD4 T cells predict the development of heart failure following acute myocardial 
infarction: A bioinformatic study. Rev. Port. Cardiol. (Engl. Ed.) 40, 839–847. https://​doi.​org/​10.​1016/j.​repce.​2021.​11.​002 (2021).

	40.	 Wu, Y. et al. Integrated bioinformatics-based analysis of hub genes and the mechanism of immune infiltration associated with 
acute myocardial infarction. Front. Cardiovasc. Med. 9, 831605. https://​doi.​org/​10.​3389/​fcvm.​2022.​831605 (2022).

	41.	 Ke, W. L., Huang, Z. W., Peng, C. L. & Ke, Y. P. m(6)A demethylase FTO regulates the apoptosis and inflammation of cardiomyocytes 
via YAP1 in ischemia-reperfusion injury. Bioengineered 13, 5443–5452. https://​doi.​org/​10.​1080/​21655​979.​2022.​20305​72 (2022).

	42.	 Dubey, P. K. et al. Increased m6A-RNA methylation and FTO suppression is associated with myocardial inflammation and dys-
function during endotoxemia in mice. Mol. Cell Biochem. 477, 129–141. https://​doi.​org/​10.​1007/​s11010-​021-​04267-2 (2022).

	43.	 Peet, C., Ivetic, A., Bromage, D. I. & Shah, A. M. Cardiac monocytes and macrophages after myocardial infarction. Cardiovasc. 
Res. 116, 1101–1112. https://​doi.​org/​10.​1093/​cvr/​cvz336 (2020).

	44.	 Hordijk, P. L. Regulation of NADPH oxidases: The role of Rac proteins. Circ. Res. 98, 453–462. https://​doi.​org/​10.​1161/​01.​RES.​
00002​04727.​46710.​5e (2006).

	45.	 Ceneri, N. et al. Rac2 modulates atherosclerotic calcification by regulating macrophage interleukin-1β production. Arterioscler. 
Thromb. Vasc. Biol. 37, 328–340. https://​doi.​org/​10.​1161/​atvba​ha.​116.​308507 (2017).

	46.	 Aflaki, E. et al. Impaired Rho GTPase activation abrogates cell polarization and migration in macrophages with defective lipolysis. 
Cell Mol. Life Sci. 68, 3933–3947. https://​doi.​org/​10.​1007/​s00018-​011-​0688-4 (2011).

https://doi.org/10.1093/nar/gkaa692
https://doi.org/10.1093/nar/gkaa347
https://doi.org/10.1093/nar/gkaa347
https://doi.org/10.3390/genes10010028
https://doi.org/10.1186/s12943-022-01500-4
https://doi.org/10.1186/s12943-022-01500-4
https://doi.org/10.1016/j.ymthe.2021.04.009
https://doi.org/10.3389/fonc.2020.618374
https://doi.org/10.3389/fmolb.2021.644620
https://doi.org/10.1186/s13073-015-0149-z
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1007/s11684-018-0654-8
https://doi.org/10.1007/s11684-018-0654-8
https://doi.org/10.2478/jtim-2022-0025
https://doi.org/10.1016/j.omtn.2022.07.018
https://doi.org/10.3389/fnmol.2022.1013076
https://doi.org/10.1186/s12859-019-3228-0
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1038/sdata.2018.15
https://doi.org/10.1093/bioinformatics/btq170
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1186/1471-2105-9-559
https://doi.org/10.1186/1471-2105-9-559
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1016/j.ejim.2023.05.036
https://doi.org/10.1016/j.ejim.2023.05.036
https://doi.org/10.7150/ijbs.75466
https://doi.org/10.21037/cdt-22-277
https://doi.org/10.1186/s13046-020-01706-8
https://doi.org/10.1186/s13046-020-01706-8
https://doi.org/10.1038/s41392-020-00450-x
https://doi.org/10.1038/s41392-020-00450-x
https://doi.org/10.1093/bib/bbab013
https://doi.org/10.1186/s12943-021-01362-2
https://doi.org/10.3389/fcvm.2021.817304
https://doi.org/10.3892/etm.2018.6386
https://doi.org/10.3389/fcvm.2021.647806
https://doi.org/10.3389/fcvm.2020.586871
https://doi.org/10.1016/j.repce.2021.11.002
https://doi.org/10.3389/fcvm.2022.831605
https://doi.org/10.1080/21655979.2022.2030572
https://doi.org/10.1007/s11010-021-04267-2
https://doi.org/10.1093/cvr/cvz336
https://doi.org/10.1161/01.RES.0000204727.46710.5e
https://doi.org/10.1161/01.RES.0000204727.46710.5e
https://doi.org/10.1161/atvbaha.116.308507
https://doi.org/10.1007/s00018-011-0688-4


14

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15688  | https://doi.org/10.1038/s41598-023-42959-5

www.nature.com/scientificreports/

	47.	 Zhang, J. et al. Macrophage ALDH2 (aldehyde dehydrogenase 2) stabilizing Rac2 is required for efferocytosis internalization and 
reduction of atherosclerosis development. Arterioscler. Thromb. Vasc. Biol. 42, 700–716. https://​doi.​org/​10.​1161/​atvba​ha.​121.​317204 
(2022).

	48.	 Li, H., Yang, H., Wang, D., Zhang, L. & Ma, T. Peroxiredoxin2 (Prdx2) reduces oxidative stress and apoptosis of myocardial cells 
induced by acute myocardial infarction by inhibiting the TLR4/nuclear factor kappa B (NF-κB) signaling pathway. Med. Sci. Monit. 
26, e926281. https://​doi.​org/​10.​12659/​msm.​926281 (2020).

	49.	 Li, L., Li, Z. B., Jia, M. & Chu, H. T. Therapeutic effects of KANK2 in myocardial infarction rats might be associated with the NF-κB 
p65 inhibition. Int. Immunopharmacol. 86, 106687. https://​doi.​org/​10.​1016/j.​intimp.​2020.​106687 (2020).

	50.	 Sun, X., Wei, Y., Lee, P. P., Ren, B. & Liu, C. The role of WASp in T cells and B cells. Cell Immunol. 341, 103919. https://​doi.​org/​10.​
1016/j.​celli​mm.​2019.​04.​007 (2019).

	51.	 Alekhina, O., Burstein, E. & Billadeau, D. D. Cellular functions of WASP family proteins at a glance. J. Cell Sci. 130, 2235–2241. 
https://​doi.​org/​10.​1242/​jcs.​199570 (2017).

Acknowledgements
We would like to express our gratitude to colleagues who helped and supported during the writing of this manu-
script and especially thank all the peer reviewers and editors for their sincere concerns and suggestions. In addi-
tion, we wish to thank AJE (https://​china.​aje.​com/​cn/​resea​rcher/) for providing excellent language assistance.

Author contributions
Conceptualization, J.Y.; data curation, G.X.; formal analysis, Q.S. and G.X.; funding acquisition, J.Y.; investiga-
tion, G.X. and G.S.; methodology, J.Y., M.Y. and G.S.; project administration, G.S.; software, J.Y.; supervision, 
Q.S. and M.Y.; validation, Q.S.; writing—original draft, M.Y.

Funding
The authors’ research was supported by Health and Family Planning Commission of Jiangxi Province (Grant 
Number: 202130053).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​023-​42959-5.

Correspondence and requests for materials should be addressed to M.Y.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.1161/atvbaha.121.317204
https://doi.org/10.12659/msm.926281
https://doi.org/10.1016/j.intimp.2020.106687
https://doi.org/10.1016/j.cellimm.2019.04.007
https://doi.org/10.1016/j.cellimm.2019.04.007
https://doi.org/10.1242/jcs.199570
https://china.aje.com/cn/researcher/
https://doi.org/10.1038/s41598-023-42959-5
https://doi.org/10.1038/s41598-023-42959-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	M6A regulator methylation patterns and characteristics of immunity in acute ST-segment elevation myocardial infarction
	Materials and methods
	Data acquisition. 
	Alteration analysis of m6A regulators between the STMI and control groups. 
	Development of a m6A gene signature for STEMI diagnosis. 
	Correlation analysis between m6A methylation regulators and the immune microenvironment. 
	Consensus clustering analysis of m6A methylation patterns. 
	Biological enrichment analysis for the two m6A patterns. 
	Identification of m6A modification pattern genes. 
	Ethics approval and consent to participate. 

	Results
	Expression level of m6A RNA methylation regulators between STEMI and control samples. 
	Construction of the clinical prediction model based on m6A methylation regulators. 
	M6A methylation regulators were associated with the immune microenvironment in STEMI. 
	Identification of m6A methylation subtypes mediated by 24 m6A methylation regulators. 
	Immune microenvironment and biological pathways in the distinct m6A methylation subtypes. 
	Identification of m6A mediated genes. 

	Discussion
	References
	Acknowledgements


