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Abstract
Background: RNA N6-methyladenosine (m6A) is the
most common type of modification in eukaryotic mRNA.
The relationship between m6A modification and disease
has been studied extensively, but there have been few stud-
ies on chronic heart failure (CHF). This study investigated
a possible role for m6A in the diagnosis of CHF. Meth-
ods: Seven candidate m6A regulators (writers: WTAP
and ZC3H13; readers: YTHDF3, FMR1, IGFBP1, and
ELAVL1; eraser: FTO) were identified using a random for-
est (RF) model and the GSE5406 dataset from the Gene
Expression Omnibus database. A nomogram model was
developed to predict the risk of CHF, while consensus clus-
tering methodology assigned CHF samples into two m6A
patterns (cluster A and cluster B) according to the 7 can-
didate m6A regulators. Principal component analysis was
used to calculate anm6A score for each sample and to quan-
tify m6A patterns. Results: Decision curve analysis and
the nomogram model were used to obtain predictions that
may be of clinical use. Patients in cluster B had higher m6A
scores than patients in cluster A. Cluster B patients also had
higher expression levels (ELs) of IL-4, IL-5, IL-10 and IL-
13 than patients in cluster A, whereas cluster A patients had
a higher EL for IL-33. Them6A cluster B pattern likely rep-
resents the ischemic heart failure (HF) disease group. Con-
clusion: m6A regulators are important in the pathogenesis
of CHF associated with ischemic and idiopathic dilated car-
diomyopathy, and may prove useful for the diagnosis and
treatment of CHF.
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ure; chronic heart failure

Introduction

The capacity for myocardial contraction is gradually
weakened in chronic heart failure (CHF). In patients with
CHF, the ejection and filling functions of the heart are dam-
aged by several factors. In addition, blood perfusion to the
body tissues and organs is decreased, and the circulation
becomes congested. Progressive deterioration of cardiac
function occurs in parallel with myocardial apoptosis and
myocardial necrosis, with CHF being the terminal manifes-
tation of various cardiovascular diseases. The age-adjusted
incidence of CHF has decreased in developed countries,
presumably reflecting the improved management of cardio-
vascular disease. However, the overall incidence of CHF
remains high due to the aging population in these coun-
tries. Currently, the incidence of CHF in Europe is 3/1000
person-years in all age groups, and 5/1000 person-years in
adults. CHF therefore affects approximately 1–2%of adults
[1].

Of the 170 or more types of RNA modification, N6-
methyladenosine (m6A)modification stands out as themost
common reversible and dynamic transcriptional modifica-
tion of eukaryotic mRNA. m6A accounts for about 50% of
all methylated ribonucleotides and has major importance in
cardiovascular disease [2]. The regulation of epigenomic
m6A modification involves a dynamic and reversible pro-
cess controlled by specific modulators known as special-
ized methyltransferases (writers), specialized demethylases
(erasers), and m6A binding proteins (readers). These com-
ponents play crucial roles in achieving precise control and
interpretation of m6A modifications within the epigenome
[3]. Genetic testing has been shown to improve the diag-
nosis of CHF and also provides information that can be
used to reduce morbidity and improve the patients’ qual-
ity of life [4–6]. Moreover, targeting the regulators of m6A
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methylation may be a potential therapeutic approach for the
treatment of heart failure (HF) [7,8]. However, additional
research is required to determine more fully characterize
the association between regulation of m6Amethylation and
CHF.

The aim of this work was to predict the risk of CHF by
analyzing the expression ofm6A regulators in the GSE5406
dataset from Gene Expression Omnibus (GEO). A model
with 7 candidate m6A regulators was developed, namely
the WTAP, ZC3H13, YTHDF3, FMR1, IGFBP1, ELAVL1,
and FTO genes. Two m6A cluster patterns were identified,
one of which (cluster B) may be related to the development
of ischemic HF.

Methods

Data Acquisition

The gene expression dataset GSE5406 was obtained
from GEO and was last updated in August 2018. It con-
tains 210 enrolled patients, of which 194 are CHF pa-
tients (86 idiopathic dilated HF samples and 108 ischemic
HF samples). The healthy control group (HC) contained
16 samples. CHF samples were collected from heart tis-
sues during heart transplant surgery, and HC samples from
unused donor hearts with normal left ventricle function.
Following analysis of the HC and CHF groups, 20 m6A
regulators were identified, including 6 writers (METTL3,
WTAP, ZC3H13, RBM15, RBM15B, and CBLL1), 1 eraser
(FTO), and 13 readers (YTHDC1, YTHDC2, YTHDF1,
YTHDF2, YTHDF3, HNRNPC, FMR1, LRPPRC, HN-
RNPA2B1, IGFBP1, IGFBP2, IGFBP3, and ELAVL1).

Analysis of Expression Levels (ELs) for m6A Regulators

The ELs for m6A regulators were RMA-normalized
(log base 2 scale) and were analyzed using the “Pheatmap”,
“Limma”, and “RCircos” packages. Heat maps, his-
tograms, and the landscape of chromosomal positions of the
m6A regulators were plotted (Fig. 1). Correlations between
the ELs of writers and erasers were analyzed using Spear-
man correlation analysis (Fig. 2).

Development and Application of the Random Forest (RF)
and Support Vector Machine (SVM) Models to Predict
CHF

RF and SVM models were developed and used as
training models to predict CHF. “Reverse Cumulative Dis-
tribution of Residual” (Fig. 3A), “Boxplots of Residual”
(Fig. 3B), and “Receiver Operating Characteristic (ROC)
curve” (Fig. 3C) were plotted. “RandomForest” package
in R was employed to develop the RF model. From this,
candidate CHF-associated m6A regulators were selected
from the 20 m6A regulators to predict HF. The parame-

ters “ntrees” and “mtry” were set at 500 and 2, respec-
tively. Seven m6A regulators whose expression was sig-
nificantly different between the CHF and HC groups were
selected and subjected to importance analysis (Fig. 3D).
These were Wilms’ tumor 1-associated protein (WTAP),
zinc finger CCCH-type containing 13 (ZC3H13), YTH N6-
methyladenosine RNA binding protein 1 (YTHDF3), frag-
ile X mental retardation 1 (FMR1), insulin-like growth
factor-binding protein 1 (IGFBP1), ELAV-like protein 1
(ELAVL1), and fat mass and obesity-associated protein
(FTO).

Development of a Nomogram Model

A nomogrammodel to predict the risk of CHFwas de-
veloped using the 7 candidate m6A regulators and employ-
ing the “rms” package in R. A calibration curve was utilized
to demonstrate the consistency and coherence of the pre-
dicted probability against the actual probability. Decision
curve analysis (DCA) was performed and a clinical impact
curve was plotted to determine whether the decisions made
by the model were beneficial for the patient (Fig. 4).

Grouping the m6A Regulators

Consensus clustering methodology was performed us-
ing the “ConsensusClusterPlus” package (reps = 50, pItem
= 0.8, pFeature = 1, cluster Alg = “pam”, distance = “eu-
clidean”, seed = 123456) in R to identify distinctions among
the seven m6A regulators (Fig. 5). K = 2, 3, 4, 5, and 6 were
selected to assign samples into various groups and to select
the most suitable groupings. Two groups, cluster A and
cluster B, were eventually established. m6A scores were
calculated using principal component analysis (PCA) algo-
rithms [9] as follows: m6A score = PC1i + PC2i, where
PC1 and PC2 represent principal component-1 and princi-
pal component-2, respectively, and “i” represents differen-
tially expressed gene (DEG) expression.

Differences in Enrichment and Relationships Amongst Im-
mune Cells in CHF Patients According to m6A Groups

Differences in immune cell types in the different m6A
groups were assessed using single-sample gene set enrich-
ment analysis (ssGSEA) (Fig. 6). Heat maps of the different
immune cell types were produced, and genes with markedly
high or low ELs were identified. Subsequently, the differ-
ent subtypes in immune cell enrichment in the high and low
expression groups were analyzed.

Identification of Differentially Expressed Genes in m6A
Groups, and Functional Enrichment Analysis

“Limma” and “VennDiagram” packages in R were
utilized to screen DEGs in m6A cluster A and cluster B
(Fig. 7). The screening criteria was set to p < 0.05 and
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Fig. 1. Gene expression landscape of the 20 RNAN6-methyladenosine (m6A) regulators in chronic HF (CHF) and healthy control
(HC) groups. (A) Expression heat map of the 20 m6A regulators in the CHF and HC groups. (B) Chromosomal positions of the 20 m6A
regulators. (C) Differential expression histogram of the 20 m6A regulators in the CHF and HC groups. * p< 0.05, ** p< 0.01, and ***
p < 0.001. CHF, chronic heart failure; HC, healthy control.

logFC > 1 in order to classify samples into two groups:
gene cluster (GC) A (GCA) and GCB. To identify pos-
sible mechanisms underlying the involvement of DEGs
in CHF, “clusterProfiler” package in R was used to per-
form Gene Ontology (GO) functional enrichment analysis
(FEA), and Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis. An enrichment circle dia-
gram was generated to illustrate these results, and Sankey
diagrams were produced for m6A cluster A and cluster B,
GCA and GCB, and m6A scores using the “ggalluvial”
package in R (Fig. 8). ELs for IL-2, IL-4, IL-5, IL-6, IL-10,
IL-13, and IL-33 in the m6A cluster A and cluster B, and
GCA and GCB, were visualized using the “GGpubr” and
“reshape2” packages. In addition, t-tests were performed
on the 7 candidate m6A regulators in the ischemic HF group
and in the idiopathic dilated HF group to assess statistical
differences between the m6A regulators in these groups.

Statistical Analysis

Wilcoxon tests were utilized to compare between
groups. Statistical significance was set as p < 0.05, and
all statistical analyses were performed using R4.1.2 and
GraphPad 8.0 (GraphPad Software, Inc., San Diego, CA,
USA).

Results

Expression Landscape of the 20 m6A Regulators in CHF

A total of 20 m6A regulators were identified in this
study, including 6 writers, 1 eraser and 13 readers. The
ELs of these m6A regulators in the CHF and HC groups
are shown in Fig. 1A, and their chromosomal locations
in Fig. 1B. The ELs of ZC3H13, YTHDF3, FMR1, and

Heart Surgery Forum E487

https://journal.hsforum.com/


Table 1. Biological functions exerted by 7 m6A regulators in cardiovascular diseases.
Name Function Biological function Reference

WTAP Writer inhibits the proliferation and migration of vascular smooth muscle cells through m6A-mediated
expression upregulation of p16

[12]

ZC3H13 Writer promotes the malignant behavior of hepatoma carcinoma cells through PKM2-dependent
glycolysis signaling

[10]

FTO Eraser attenuates ischemia-induced cardiac dysfunction in HF mice [8]
IGFBP1 Reader modulates the cellular processes implicated in short-term ventricular remodeling of the infarcted

myocardium
[13]

FMR1 Reader overexpression alleviates oxidative stress and apoptosis in injured H9c2 cardiomyocytes [11]
YTHDF3 Reader modulates cardiomyocytes and negatively regulates cardiac gene expression [14]
ELAVL1 Reader regulates cardiomyocyte proliferation and apoptosis [15]

Fig. 2. Correlations between ELs of writer and eraser genes in chronic HF. (A–F) Writer genes: METTL3,WTAP, ZC3H13, RBM15,
RBM15B, CBLL1; eraser gene: FTO.

FTO were increased in the CHF group compared to the HC
group, whereas the ELs of ELAVL1, WTAP, and IGFBP1
were increased in the HC group relative to the CHF group
(Fig. 1C). The biological functions exerted by the 7 m6A
regulators in cardiovascular diseases are shown in Table 1,
Ref. [8,10–15]).

Correlations between the Expression Levels of Writer and
Eraser m6A Regulators in CHF

Spearman correlation analysis was used to examine
correlations between the ELs of writer (METTL3, WTAP,
ZC3H13, RBM15, RBM15B, and CBLL1) and eraser (FTO)

m6A regulators. A moderately positive correlation was
found between the ELs of RBM15 and FTO in CHF patients
(R = 0.43, p < 0.0001; Fig. 2A). The ELs of ZC3H13 and
FTO were also weakly positively correlated (R = 0.27, p
< 0.0001; Fig. 2B). No other significant correlations were
observed between writers and the FTO eraser (Fig. 2C–F).

Appropriateness of RF and SVMModels for Selecting m6A
Regulators to Predict CHF

As shown in Fig. 3A,B, “Reverse cumulative distribu-
tion of residual” and “Boxplots of residual” suggested the
RF model had smaller residuals than the SVM model. The
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Fig. 3. Construction and screening of the random forest (RF) and support vector machine (SVM) models. (A) Reverse cumulative
distribution of residual with the RF and SVM models. (B) Boxplots of residual with the RF and SVM models. (C) ROC curves for the
RF and SVMmodels. (D) Relative importance of the 7 m6A regulators based on the RF model. RF, random forest; SVM, support vector
machine; ROC, receiver operating characteristic.

RF model was therefore the better at predicting CHF and
was utilized in the subsequent analyses. The RF model was
further validated by the value of the “area under the curve”
in ROC analysis. This showed the sensitivity and speci-
ficity of the RF model were both superior to those of SVM
model (Fig. 3C). The importance of the 7 selected m6A reg-
ulators were ranked as follows (Fig. 3D):WTAP> ZC3H13
> FTO > IGFBP1 > ELAVL1 > FMR1 > YTHDF3.

Appropriateness of the Nomogram Model for Predicting
CHF

The nomogram model developed using the 7 selected
m6A regulators (Fig. 4A) was found to have good predic-
tive value for predicting CHF risk (Fig. 4B). DCA indicated

that decision-making with the nomogram model could ben-
efit CHF patients (Fig. 4C), since the curve remained above
the risk threshold and the standardized net benefit. The
nomogram model demonstrated favorable predictive abil-
ity, as evidenced by the clinical impact curve (Fig. 4D).

Two Distinct m6A Expression Patterns Emerge from the
Seven Selected m6A Regulators

Consensus clustering methodology revealed that two
distinct m6A patterns, cluster A and cluster B, emerged
from the ELs of the 7 selected m6A regulators in the 194
CHF samples (Fig. 5A–E). Clusters A and B contained 138
and 56 samples, respectively. Heat maps and histograms
show the differential ELs of the 7 selected m6A regulators
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Fig. 4. Construction of the Nomogram Model. (A) Construction of the nomogram model based on the 7 selected candidate m6A
regulators. (B) Predictive ability of the nomogram model as revealed by the calibration curve. (C) Decisions based on the nomogram
model, showing the model could benefit CHF patients. (D) Favorable predictive ability of the nomogram model, as assessed by the
clinical impact curve.

Fig. 5. Consensus clustering of the seven selected m6A regulators in chronic HF patients. (A–E) Consensus matrices of the 7
significant m6A regulators for k = 2–6. (F) Expression heat map of the 7 selected m6A regulators in clusters A and B. (G) Differential
expression histogram of the 7 selected m6A regulators in clusters A and B. (H) Principal component analysis for the expression profiles of
the 7 selected m6A regulators shows amarked difference in the transcriptomes between the twom6A clusters. (I) GO FEAwas performed
to investigate the possible mechanisms involving the 117 DEGs in CHF. (J) KEGG analysis revealed potential signaling pathways for
the DEGs involved in CHF. ** p< 0.01, and *** p< 0.001. GO, Gene Ontology; DEGs, differentially expressed genes; KEGG, Kyoto
Encyclopedia of Genes and Genomes.

between the two clusters (Fig. 5F,G). The ELs of WTAP,
ZC3H13, YTHDF3, FMR1, ELAVL1, and FTO were higher
in cluster A than cluster B, whereas the EL of IGFBP1 did

not differ between the two groups. PCA confirmed that
the 7 selected m6A regulators clearly formed two distinct
cluster patterns (Fig. 5H). GO FEA revealed the 117 DEGs
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Fig. 6. Single sample gene set enrichment analysis. (A) Correlations between infiltrating immune cells and the 7 selected m6A
regulators. (B–E) Differences in the abundance of infiltrating immune cells between the high and low expression groups for FMR1,
FTO, YTHDF3, ZC3H13. (F) Differential immune cell infiltration between cluster A and cluster B. * p < 0.05, ** p < 0.01, and *** p
< 0.001.
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Fig. 7. Consensus clustering of the 117 DEGs in CHF patients. (A–E) Consensus matrices of the 117 DEGs for k = 2–6. (F) Expression
heat map of the 117DEGs in gene cluster A (GCA) and gene cluster B (GCB). (G) Differential expression of the 7 selectedm6A regulators
between GCA and GCB. (H) Differential immune cell infiltration between GCA and GCB. (I) Differences in the m6A score between
cluster A and cluster B. (J) Differences in the m6A score between GCA and GCB. * p < 0.05, ** p < 0.01, and *** p < 0.001. DEGs,
differentially expressed genes.

(in cluster A and cluster B combined) that were associ-
ated with the 7 m6A regulators were mainly enriched for
the GO terms “antigen processing and presentation of ex-
ogenous peptide antigen” (GO:0002478) and “ribonucleo-
protein complex binding” (GO:0043021) (Fig. 5I). KEGG
analysis revealed the DEGs were mainly enriched for pro-
tein processing in the endoplasmic reticulum, RNA trans-
port, and the citrate cycle (TCA cycle) (Fig. 5J).

Relationship between m6A Regulators and Immune Cells

ssGSEA was utilized to determine immune cell abun-
dance in the CHF samples and also to investigate associ-
ations between the selected m6A regulators and immune
cells. The ELs of the m6A regulators were upregulated

in the CHF group, while the ELs of ZC3H13, YTHDF3,
FMR1, and FTO were negatively associated with many of
the immune cell types (Fig. 6A). Differences in immune
cell infiltration between patients with high or low ELs of
ZC3H13, YTHDF3, FMR1, and FTO were also investi-
gated. Patients with low ELs of ZC3H13, YTHDF3, FMR1,
and FTO showed increased infiltration of immune cells
(Fig. 6B–E). In addition, cluster Awas associated with Th2-
dominant immunity, whereas cluster B was related to Th1-,
monocyte-, and macrophage-dominant immunity (Fig. 6F).

Identification of Two Distinct Gene Clusters Based on
the Association of DEGs with Seven Selected m6A Regu-
lators
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Fig. 8. Predictive ability of different m6A groups for distinguishing CHF. (A) Sankey diagram showing the relationship between
m6A cluster A and cluster B, m6A GCA and GCB, and m6A scores. (B) ELs of FTO in different types of HF. (C) Differential ELs of
IL-2, IL-4, IL-5, IL-6, IL-10, IL-13 and IL-33 between m6A cluster A and cluster B. (D) Differential ELs of IL-2, IL-4, IL-5, IL-6, IL-10,
IL-13 and IL-33 between GCA and GCB. * p < 0.05, ** p < 0.01, and *** p < 0.001, IDC, idiopathic dilated cardiomyopathy; IC,
ischemic cardiomyopathy.

To further validate the m6A expression clusters A
and B, a consensus clustering method was used to clas-
sify the CHF patients into different subgroups according to
the DEGs. This revealed two distinct m6A gene expres-
sion patterns, GCA and GCB, with 108 and 86 samples,
respectively (Fig. 7A–E). ELs for the 117 m6A regulator-
associated DEGs in GCA and GCB are shown as a heat map
in Fig. 7F. Differential ELs of the 7 selected m6A regula-
tors in the GCA and GCB groups, as well as the differential
immune cell infiltration in GCA and GCB, were similar to
those detected in the m6A regulator cluster A and cluster
B groups described above (Fig. 7G,H), thereby confirming
the accuracy of the consensus clustering-based groupings.

PCA was utilized to calculate the m6A scores of each
sample and to quantify and compare the different m6A pat-
terns (cluster A, cluster B, GCA, GCB). The m6A scores
in cluster B and GCB were higher than those of cluster A
and GCA (Fig. 7I,J). The relationships between m6A clus-
ter A and B, GCA and GCB, and m6A scores are illustrated
using a Sankey diagram (Fig. 8A). The EL of FTO in the

idiopathic dilated cardiomyopathy HF group was markedly
higher than in the ischemic HF group. However, no major
differences in the ELs of the other 6 m6A regulators were
apparent between the two HF groups (Fig. 8B). We also in-
vestigated possible relationships between the m6A pattern
(cluster A, cluster B, GCA, GCB) and the ELs for IL-2, IL-
4, IL-5, IL-6, IL-10, IL-13, and IL-33 (Fig. 8C,D). The ELs
for IL-4, IL-5, IL-10, and IL-13 were higher in m6A cluster
B andGCB than inm6A cluster A andGCA. In contrast, the
EL for IL-33was higher in m6A cluster A and GCA than in
m6A cluster B and GCB. The EL for IL-2 did not differ be-
tween the different m6A clusters. The increased Th1/Th2
cytokine ratio observed in m6A cluster B and GCB may be
associated with ischemic HF. Patients in the m6A cluster
B and GCB groups may experience more release of proin-
flammatory cytokines, and hence the degree of inflamma-
tion would be more severe than in m6A cluster A and GCA
patients.
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Discussion

CHF is a complex cardiac syndrome caused by struc-
tural and functional disorders that affect the ability of the
heart to deliver oxygen to tissues. The incidence of CHF
is expected to keep rising over the coming years due to the
aging populations in many countries [16]. CHF markedly
reduces patient quality of life and places enormous pressure
on healthcare systems around the world [17]. m6A appears
to play a major role in heart disease [7,18]. However, to
date the regulatory mechanisms associated with m6A genes
in CHF have not been studied in detail.

In the current study, 20 m6A regulators were iden-
tified in CHF and HC groups within the GEO. Amongst
these, 7 differentially expressed m6A regulators (writers:
WTAP, ZC3H13; readers: YTHDF3, FMR1, IGFBP1, and
ELAVL1; eraser: FTO) were selected for further analy-
sis. The ELs of RBM15 and ZC3H13 were positively cor-
related with the EL of FTO. Moreover, the ELs of FTO
and ZC3H13 were higher in the CHF group than in the
HC group. No difference in the EL of RBM15 was found
between the two groups. The ability of the 7 selected
m6A regulators to predict CHF risk was evaluated using
RF and nomogram models. DCA indicated that patients
could derive benefit from predictions made using the nomo-
gram model. WTAP codes for a regulatory subunit of the
METTL3–METTL14 complex that binds to mRNA [19].
It is known to promote myocardial infarction via the regu-
lation of activating transcription factor 4 [20]. The ZC3H13
gene product promotes malignant behavior in hepatoma
carcinoma cells through PKM2-dependent glycolysis sig-
naling [10]. The role of ZC3H13 in the heart remains un-
clear, however. The YTHDF3 gene product functions in
synergy with YTHDF1 to facilitate protein synthesis and
influence YTHDF2-mediated decay of methylated mRNA
[21]. Overexpression of FMR1 reduces oxidative stress and
apoptosis of LPS-injured H9c2 cardiomyocytes through the
PI3K/Akt pathway [11]. CHF can be identified based on the
plasma IGFBP-1 concentration and IGFBP-1/IGF-1 ratio
[22]. IGFBP1 therefore has potential value in the diagnosis
of CHF. The ELAVL1 gene product inhibits hyperglycemia-
induced apoptosis of human ventricular cardiomyocytes
[23]. The overexpression of FTO reduces fibrosis and en-
hances angiogenesis. Furthermore, FTO is involved in car-
diac systolic function during vascular remodeling and re-
generation [8]. In summary, the m6A regulator genes iden-
tified in the present study play key roles in cardiac function.
The current results are in line with those of previous stud-
ies, and identify several possible diagnostic and therapeutic
targets for further research on CHF.

Inflammatory mediators are active during the patho-
genesis of CHF, leading to cardiac remodeling and periph-
eral vascular dysfunction [24]. Studies have shown that
IL-4, IL-5, IL-10, and IL-13 are involved in the regula-

tion of cardiac function [25]. For example, serum IL-4 lev-
els in patients with acute myocardial infarction after per-
cutaneous coronary therapy have good diagnostic value for
the impairment of left ventricular function [26]. IL-5 has
a cardioprotective role in infarcted myocardium by pro-
moting eosinophil accumulation and subsequent polariza-
tion of CD206+ macrophages via the IL-4/STAT6 axis [27].
IL-10 is secreted by macrophages to increase the number
of myeloid-derived suppressor cells, thereby protecting the
heart [28]. IL-13 participates in host protection by promot-
ing tissue repair and controlling inflammatory processes
[29], while also being a key determinant of the fate of car-
diac myocytes. Moreover, IL-13 is reverse transcribed dur-
ing cardiogenesis and has cardioprotective effects [30]. IL-
33 levels have predictive value in patients with CHF and
acute myocardial infarction [31]. Some studies have sug-
gested that a Th1 response may occur in human end-stage
HF [32]. In addition, emotional and autonomic nervous sys-
tem imbalances have been associated with increased sys-
temic inflammation in elderly patients suffering from de-
compensated CHF [33]. In the present study, the ELs of
IL-4, IL-5, IL-10, and IL-13 were elevated in m6A cluster
B and GCB, whereas the EL of IL-33 was elevated in m6A
cluster A and GCA. Based on the above literature and find-
ings, we speculate that the high ELs of many inflammatory
cytokines in m6A cluster B and GCBmay indicate the pres-
ence of a severe inflammatory response or advanced HF in
these patient groups.

The Th1 immune response is proinflammatory, kills
intracellular microorganisms, and contributes to the au-
toimmune response, whereas the Th2 immune response is
anti-inflammatory, inhibits the cellular immune response,
and promotes the humoral immune response [34]. Mono-
cytes protect the body from harmful pathogens by remov-
ing them via phagocytosis. Moreover, they are considered
to be the main source of various cytokines, macrophages,
and dendritic cell precursors [35]. Inflammation and the
maintenance of chronic inflammation rely heavily on the
presence of monocytes and activated macrophages, as well
as the cytokines they produce [36]. Monocytes are gen-
erally divided into three subtypes, namely Mon1, Mon2,
and Mon3. Mon1 cells can induce the inflammatory re-
sponse and phagocytosis. Mon2 cells participate in the in-
flammatory process through antigen presentation, cytokine
secretion, apoptosis regulation, and by their influence on
angiogenic activity. Mon3 cells function in Fcγ receptor-
mediated phagocytosis and neutrophil adhesion at the en-
dothelial interface. Mon2 cells may be involved in main-
taining chronic inflammation, leading to the harmful re-
modeling of heart tissue [37]. Mon1 cells have higher
phagocytotic activity than Mon3 cells, and play active roles
in the initiation, development, and regression of tissue in-
flammation [38]. Elevated ELs of Mon2 markers and de-
creased ELs of Mon1 markers in CHF patients are associ-
ated with the severity of HF [39].
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In the present study, ELs for Th1 immunity were
found to be upregulated in m6A cluster B and GCB com-
pared to m6A cluster A and GCA. In contrast, the ELs
for Th2 immunity were downregulated in m6A cluster B
and GCB compared to m6A cluster A and GCA. The in-
creased Th1/Th2 ratio suggests that patients in the m6A
cluster B and GCB groups may experience an elevated re-
lease of proinflammatory cytokines. Hence, the degree of
inflammation in these patients would be more severe than
that experienced by patients in the m6A cluster A and GCA
groups. The levels of inflammatory markers are known to
be markedly elevated in patients with advanced HF com-
pared to the normal population, suggesting that chronic,
low-level inflammation is a hallmark of CHF [40]. In the
current study, the high levels of inflammation observed in
m6A cluster B and GCB may be indicative of ischemic HF,
since this disease leads to severe heart damage. Based on
our findings, we suggest that anti-inflammatory processes
which can reduce vascular inflammation and regulate the
monocyte/macrophage system may represent therapeutic
targets in CHF.

Conclusion

We identified 7 candidate m6A regulators and devel-
oped a nomogram model to predict CHF. Two clear m6A
patterns were revealed using these 7 markers, one of which
(cluster B/GCB) may be indicative of ischemic HF.

Limitations

The raw data analyzed in this study were uploaded
several years ago. Therefore, more recently identified m6A
genes such as ALKBH5 and METTL14 were not included
in the analysis. In addition, a suitable dataset for the veri-
fication of our results was not found. Finally, the number
of disease samples in the cluster B and GCB groups was
different.
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