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Abstract 

Background The N6-methyladenosine (m6A) RNA modification is the most prevalent and abundant type found 
in eukaryotic cells. It plays a crucial role in the initiation and progression of cancers. In this study, we aimed to com-
prehensively investigate the landscape of m6A regulators and their association with tumor microenvironment (TME), 
immunotherapeutic strategies in colon adenocarcinoma (COAD).

Results The differential expression, mutation, CNV frequency and prognostic value of 27 m6A regulators were sys-
tematically analyzed in COAD. Patients were classified into two clusters based on m6A regulators through consistent 
clustering analysis, with cluster A showing significant survival benefits. Most of the m6A regulators were negatively 
correlated with immune cells, except for WTAP, IGF2BP3, FTO, ALKBH5, which showed a positive correlation. We devel-
oped an m6A scoring system to calculate the m6Ascore for each patient. Patients with a high-m6Ascore had a better 
outcome, with the AUC of 0.775. An independent cohort of 416 COAD patients acquired from GSE38832 database 
was used to validate the prognosis prediction ability of m6Ascore. Moreover, the m6Ascore was negatively correlated 
with infiltration of anti-tumor immune cells. Additionally, patients with a high-m6Ascore responded better to anti-PD1 
and anti-CTLA4 therapies, and those with MSI-H had a higher m6Ascore. Finally, we investigated the value of m6As-
core in predicting the response of patients to 15 commonly used drugs.

Conclusions We comprehensively analyzed m6A regulators in COAD, including RNA expression, CNV changes, 
mutations and their correlation with TME. Our results showed that the m6A scoring system had significant predictive 
power for the prognosis of COAD patients, potentially leading to new personalized immunotherapy strategies.
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Background
Colorectal cancer (CRC) is a highly prevalent primary 
digestive tract tumors and is the third most commonly 
diagnosed cancer with the second highest mortality rate 
[1]. Colon adenocarcinoma (COAD), the main type of 
CRC, arises from adenomatous lesions [2]. Unfortunately, 
the 5-year survival rate is less than 15% when diagnosed 
at a late stage. Therefore, to enhance the clinical outcome 
of COAD patients, there is an urgent need for more effec-
tive prognostic biomarkers and therapeutic targets.
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N6-methyladenosine (m6A) is a methylation modi-
fication of the sixth nitrogen (N) atom of adenine (A) 
that impacts RNA metabolic processes including splic-
ing, transport, translation, and degradation [3]. As the 
most abundant and evolutionarily conserved modifi-
cation of eukaryotic mRNA, the reversible methyla-
tion of m6A has a profound impact on the regulation 
of gene expression [4–6]. Abnormal expression of m6A 
regulators has been shown to play a crucial role in the 
occurrence and development of human cancers [7]. 
Additionally, their role as prognostic markers has also 
been reported in various cancers such as gastric can-
cer [8], liver cancer [9], lung adenocarcinoma [10], 
pancreatic cancer [11], thyroid cancer [12]. With the 
in-depth understanding of tumor microenvironment 
(TME), alterations of immune cell subsets have become 
increasingly recognized for their clinical implications 
in the occurrence, metastasis and prognosis of cancers 
[13–15]. Notably, the alteration of m6A modification 
bas been found to promote tumor immune escape by 
affecting TME [16, 17]. Thus, it is imperative to inves-
tigate whether m6A regulators can serve as prognostic 
biomarkers for COAD patients and their association 
with immune regulation and TME formation.

In this study, we examined the differential expression 
of m6A regulators between COAD tumors and normal 
tissues, the frequency of copy number variation (CNV) 
changes and the mutations of these regulators. Using 
univariate-Cox regression analysis, we identified 12 
m6A regulators associated with prognosis. Our cluster-
ing analysis identified two distinct m6A clusters, cluster 
A and B, with patients in cluster A having better out-
comes. We also investigated the relationship between 
m6A regulators and immune cells infiltration. Then, 
the differentially expressed genes (DEGs) between two 
clusters were identified by R software, with 1,164 DEGs 
identified as survival associated genes. Using principal 
component analysis (PCA), we calculated the m6As-
core of individual patient and grouped them into high- 
and low-m6Ascore groups. Our findings indicated that 
the m6Ascore was significantly associated with survival 
status, clinical stage, and TNM stage of patients. Fur-
thermore, we observed a negative correlation between 
the m6Ascore and the infiltration of most immune cells 
by Spearman analysis. Additionally, the immune score, 
stromal score and Estimation score of COAD patients 
were negatively correlated with the m6Ascore. Patients 
with MSI-H exhibited higher m6Ascores. We further 
investigated the relationship between m6Ascore and 
the effectiveness of 15 commonly used drugs in COAD 
patients by  IC50 analysis. The overview of study was 
shown in Supplementary Figure 1.

Materials & methods
Gene datasets and clinical information data collection
RNA-seq transcriptome data, simple nucleotide vari-
ation data and clinical information of COAD patients 
were acquired from public TCGA database. The 
GSE40967 dataset contains 585 COAD samples and 574 
patients had survival information, which was down-
loaded from the GEO database. FPKM values acquired 
from TCGA database were transformed into transcript 
per kilobase million (TPM) in order to integrated with 
GEO data. The copy number variation (CNV) data was 
downloaded from UCSC database (https:// xena. ucsc. 
edu). A list of immune-related genes was obtained 
from import database (https:// immpo rt. niaid. nih. gov/). 
The clinical characteristics of patients in TCGA and 
GSE40967 datasets were summarized in Table 1.

Landscape of m6A regulators in COAD
The expression level, mutation, CNV frequency and 
prognostic value of 27 m6A regulators, including 
10 writers (METTL3, CBL1, METTL14, METTL16, 
WTAP, VIRMA, RBM15, RBM15B, ZNF217 and 
ZC3H13), 15 readers (YTHDC1, YTHDC2, YTHDF1, 
YTHDF2, YTHDF3, EIF3B, HNRNPC, FMR1, HNRN-
PA2B1, LRPPRC, IGF2BP1, IGF2BP2, IGF2BP3, 
ELAVL1 and RBMX) and 2 erasers (FTO and ALKBH5) 
which have been reported in published papers [18–20] 
were comprehensively analyzed.

The differential expression level of m6A regulators 
between 472 COAD tumor and 41 non-tumor tissues 
from public TCGA database was analyzed by R pack-
age “Limma”. To explore the prognostic predictive value 
of 27 m6A regulators, univariate-Cox regression was 
used. Then K-M curve was plotted to demonstrate the 
predictive ability of each m6A regulator. A network was 
performed to visualize the high and low risk factors and 
the correlation among the m6A regulators.

Consensus cluster classification based on m6A regulators
The consensus clustering algorithm was used to iden-
tify distinct m6A modification patterns based on the 
expression of m6A regulators. The clustering program 
was performed using R package “Consensus Cluster 
Plus”. The distribution of each m6A regulator in differ-
ent m6A clusters and clinical characters was shown by 
Heatmap.

Gene set variation analysis (GSVA)
R package “GSVA” was used to investigate the variation 
in biological processed between different m6A clus-
ters. The DEGs between distinct clusters were iden-
tified by R package “limma”. The genes with the false 
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discovery rate (FDR) < 0.05 and  Log2 |(FC)|≥ 1.0 were 
considered as DEGs. The Gene Oncology (GO) set “c5.
go.v7.4.symbols.gmt” and Kyoto Encyclopedia of Genes 
and Genomes (KEGG) set “c2.cp.kegg.v7.4.symbols.
gmt” based on the DEGs were used for GSVA analysis.

Immune cell infiltration analysis by single sample gene set 
enrichment analysis (ssGSEA)
To explore the relation of m6A cluster with infiltration 
of immune cells, the proportion of 23 immune cells from 
each COAD sample was calculated using ssGSEA method 
by R. The difference of ssGSEA score of each immune cell 
between distinct m6A clusters was displayed by boxplot.

Construction of m6Ascore
The above mentioned DEGs were employed to perform 
survival analysis using univariate-Cox regression by R. 
The survival-associated DEGs were selected to perform 
PCA analysis by combine principal component 1 and 
principal component 2 which was run and visualized by 
R script shown in supplementary original data.

Then m6Ascore of individual COAD patient was 
calculated by a formula provided in previous study as 
m6Ascore = (PC1i + PC2i) [21]. COAD patients 
were divided into high- and low-m6Ascore groups 
according to the median of m6Ascore. K-M and ROC 
curves were performed to display the survival status 
of two groups. An independent cohort of 416 COAD 
patients acquired from GSE38832 database was used 
to validate the prognostic prediction ability of the 
m6Ascore.

Evaluation the relationship of m6Ascore with TME
The correlation of m6Ascore and immune cells was dis-
played by R package “corrplot”. The m6Ascore in COAD 
patients of different clinical characteristics was also ana-
lyzed. Furthermore, the immune score, stromal score 
and ESTIMATE score were calculated using estimation 
of stromal and immune cells in malignant tumor tissues 
using expression (ESTIMATE) algorithm by R package 
“estimate” and compared in the high- and low-m6Ascore 
groups.

Table 1 Characteristics of COAD patients

Characteristic TCGA cohort GSE40967 cohort

No.of patients Percentage (%) No.of patients Percentage (%)

Age  < 60 122 26.99 153 26.15

 ≥ 60 330 73.01 432 73.85

Gender Male 238 52.65 322 55.04

Female 214 47.35 263 44.96

Clinical stage I 76 16.81 42 7.18

II 178 39.39 271 46.32

III 125 27.65 210 35.90

IV 62 13.72 60 10.26

Unknown 11 2.43 2 0.34

T stage T1 10 2.21 16 2.74

T2 77 17.04 49 8.38

T3 308 68.14 379 64.78

T4 57 12.61 119 20.34

Unknown 0 0 22 3.76

N stage N0 269 59.51 314 53.68

N1 103 22.79 137 23.42

N2 80 17.70 106 18.12

Unknown 0 0 28 4.78

M stage M0 334 73.89 499 85.30

M1 62 13.72 61 10.43

Mx 49 10.84 3 0.51

Unknown 7 1.55 22 3.76

Survival status Alive 364 80.53 395 67.52

Dead 88 19.47 179 30.60

Unknown 0 0 11 1.88
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The value of m6Ascore in predicting response of patients 
to chemotherapy, targeted therapy and immunotherapy 
treatments
The immunophenoscore (IPS) and MSS/MSI status of 
462 COAD patients were downloaded from The Can-
cer Immunome Database (TCIA) (https:// www. tcia. 
at/ home). The different MSS/MSI-L/MSI-H status and 
curative effect of anti-CTLA-4 and anti-PD-1 in low- and 
high-m6Ascore groups were analyzed by R. To explore 
the value of m6Ascore in predicting response of patients 
to chemotherapy, targeted therapy and immunotherapy 
treatments, we analyzed the  IC50 of 15 commonly used 
drugs of COAD patients. The differences of the  IC50 
between two groups were compared by the wilcoxon 
signed-rank test using R packages “pRRophetic”.

Statistical analysis
Wilcoxon test was performed to analyze the differential 
expression of m6A regulators between tumor and non-
tumor tissues, DEGs between low- and high-m6Ascore 
groups by R (version 4.1.0). The relationship between 
m6Ascore and immune cells was analyzed by Spearman’s 
correlation analysis. Univariate-cox regression analysis 
was used to identify the survival associated m6A regu-
lators and DEGs. K-M method was used to analyze the 
difference in overall survival (OS) between the high- and 
low- m6Ascore groups. P-value less than 0.05 on both 
sides was considered as statistically significant difference.

Results
Differential expression of m6A regulators in patients 
with COAD
We analyzed the differential expression of 27 m6A regu-
lators in COAD tumor tissues compared with non-tumor 
tissues. Among these m6A regulators, METTL3, CBLL1, 
METTL16, WTAP, VIRMA, RBM15, RBM15B, ZC3H13, 
YTHDC1, YTHDF1/2, EIF3B, HNRNPC, FMR1, HNRN-
PA2B1, LRPPRC, IGF2BP1/2/3, ELAVL1, RBMX and 
FTO showed higher expression in COAD tumor tissues, 
while the expression of ALKBH5 was lower. The other 
four regulators (METTL14, ZNF217, YTHDC2 and 
YTHDF3) showed no significant difference between the 
two groups (Supplementary Figure 2A).

The CNV and mutation frequency analyses of m6A 
regulators
CNV refers to the gain or loss of segments of the genome. 
Numerous studies have highlighted the significance of 
CNV as a source of genetic variation in cancers. Detect-
ing CNV is crucial for a comprehensive understanding 
of the genome’s plasticity and its potential role in con-
tributing to diseases. In this study, we analyzed the CNV 

changes of m6A regulators and the detailed locations 
of these regulators on chromosomes, as well as the fre-
quency of CNV gain or loss (Supplementary Figure  2B 
and C). Our results demonstrated that CNV changes 
were prevalent in COAD. Specially, the copy num-
bers of ZNF217, IGF2BP1/2/3, EIF3B, HNRNPA2B1, 
WTAP, FMR1 and FTO showed a high frequency of gain, 
whereas RBM15, YTHDF2, METTL14, YTHDC2 and 
RBM15B displayed more loss of copy number.

We created a plot to show the prevalence of mutations 
in the aforementioned m6A regulators in COAD. The 
results revealed that 130/399 (32.58%) patients had muta-
tional m6A regulators and ZC3H13 was the gene with the 
highest mutation rate of 9% (Supplementary Figure 3A). 
Since then, we tried to investigate whether the expres-
sion of other regulators was associated with ZC3H13 
mutation. We found that the expressions of ZNF217 and 
YTHDF1 were lower in the ZC3H13 mutation group as 
compared to the wildtype group. Conversely, the expres-
sions of METTL3 and ALKBH5 were higher in the 
mutation group (Supplementary Figure  3B). The results 
suggested that the expression of ZNF217, YTHDF1, 
METTL3 and ALKBH5 was significantly correlated with 
ZC3H13 mutation which was worth to further study.

Evaluation of the prognostic value of m6A regulators
In order to evaluate the prognostic value of m6A regu-
lators, univariate cox regression and K-M analyses were 
performed in 1,026 COAD patients from TCGA and 
GSE40967 databases. As shown in Supplementary Fig-
ure  4, 12 out of 27 m6A regulators were associated 
with prognosis of patients. CBL1, IGF2BP1, LRPPRC, 
YTHDC2 and YTHDF1 were found to be positively 
related to survival, functioning as protective factors. On 
the contrary, seven genes (ALKBH5, HNRNPC, FTO, 
WTAP, HNRNPA2B1, METTL3 and ZC3H13) were 
negatively to survival and considered as risk factors. The 
interaction network of m6A regulators and their roles in 
predicting prognosis were visualized in Supplementary 
Figure 5.

Clustering of COAD patients based on m6A regulators
It was reported that m6A regulators were important in 
the classification of distinct clusters. In the study, COAD 
patients were classified into two clusters based on the 
expression level of m6A regulators (Fig. 1A). K-M curve 
indicated that patients in cluster A exhibited better 
outcomes than those in cluster B (Fig.  1B, P = 0.019). A 
heatmap was used to visualize the expression difference 
of m6A regulators between the two clusters (Fig.  1C). 
The results demonstrated a significant upregulation of 
ALKBH5 and downregulation of other m6A regulators 
in cluster A. No significant differences in age, gender, 
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clinical stage, or TNM stages were observed between the 
two clusters.

GO enrichment and KEGG pathway analyses
To investigate the biological and molecular mechanisms 
underlying the two clusters of COAD, we conducted 
GSVA analysis. GO results (supplementary Figure  6A) 
showed that several biological processes and molecu-
lar functions, such as vascular endothelial growth factor 

receptor signaling pathway, lymph angiogenesis, and 
lymph vessel development, were enriched in cluster B 
comparing to cluster A. KEGG results (supplementary 
Figure 6B) indicated that cluster A was found to be sig-
nificantly enriched in butanoate metabolism, pyruvate 
metabolism, Huntington’s disease and glyoxylate and 
dicarboxylate metabolism, while cluster B was enriched 
in carcinogenic activation pathways, such as TGF-β sign-
aling pathway, adherens junction, pathway in cancer, 

Fig. 1 Survival of COAD patients in two clusters. A Consensus clustering heatmap in COAD (k = 2). B K-M curve of overall survival for COAD 
patients of two m6A clusters in TCGA and GSE40967 cohort. The patients in cluster A showed a significant better outcome than those in cluster B 
(P = 0.019). C Heatmap and clinicopathological characteristics of m6A regulators in the two clusters. All the m6A regulators except for ALKBH5 were 
upregulated in cluster B group
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basal cell carcinoma, which might contribute to the poor 
prognosis of patients in cluster B.

The relationship of m6A regulators with the infiltration 
of immune cells
The enrichment scores of immune cells were estimated 
in the two clusters, revealing that the immune infiltration 
of various immune cells were higher in cluster A which 
might be one of the reasons that patients in cluster A had 
better outcomes (Fig. 2A).

Subsequent, Spearman’s correlation analysis was per-
formed to investigate the association between each m6A 
regulator and immune cells. Our results indicated that 
the expressions of WTAP, IGF2BP3, FTO and ALKBH5 
were positively correlated with enhanced immuno-
cyte infiltration, while other m6A regulators includ-
ing METTL3/14, CBLL1, VIRMA, RBM15, RBM15B, 
ZNF217, ZC3H13, YTHDC1, YTHDF1, EIF3B, FMR1 
and LRPPRC, showed a negative association (Fig. 2B).

Identification of m6A cluster associated DEGs
To investigate the genetic dysregulation, we observed dif-
ferences between the two clusters and examined the tran-
scriptional expression alterations related to m6A. A total 
of 8,154 DEGs were identified, of which 1,164 DEGs were 
considered as survival-associated genes and regarded 
as m6A cluster related genes (Supplementary Table  1). 
GO enrichment analysis indicated that these genes were 

involved in various biological processes, including tran-
scription, phosphorylation, cell proliferation, migra-
tion, adhesion, cell cycle, apoptosis, angiogenesis and so 
on (Supplementary Figure  7A). KEGG pathway analysis 
demonstrated that the enriched pathways were metabolic 
pathways, pathways in cancer, MAPK signaling pathway, 
proteoglycans in cancer (Supplementary Figure 7B).

To explore the ability of clustering of the above DEGs, 
unsupervised consensus clustering analysis was per-
formed. Patients were clearly divided into three gene 
clusters (A, B and C) (Fig. 3A). The survival analysis indi-
cated a significant prognostic difference among the three 
gene clusters, with patients in gene cluster A having the 
best prognostic outcome, while patients in gene cluster B 
had the worst (Fig. 3B). The expressions of m6A regula-
tors were also found to differ significantly among these 
three gene clusters (Fig. 3C).

m6Ascore is correlated with survival and clinical 
characteristics of patients
To assess the m6A pattern in individual COAD patient, 
we created a scoring system called m6Ascore by PCA 
analysis, which was base on the expression levels of 
m6A cluster-related DEGs. By categorizing patients into 
high- (917 cases) and low-m6Ascore groups (109 cases) 
according to the m6Ascore, we observed the patients in 
the high-m6Ascore group had better outcomes (P < 0.001, 
Fig. 4A) which was validated in an independent cohort of 

Fig. 2 Proportion of immune cells and correlation between immune cells and m6A regulators. A The enrichment scores of 23 kinds of immune 
cells were compared between the two m6A clusters. The immune infiltration of most immune cells was higher in cluster A group. B Correlations 
between immune cells and m6A regulators analyzed by Spearman analysis. The significant negative and positive correlation were marked as blue * 
and red *
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416 COAD patients (P = 0.007, Fig.  4B). The area under 
the curve (AUC) was 0.775 in training cohort (Fig.  4C) 
and 0.701 (Fig. 4D) in validation cohort, suggesting that 
the m6Ascore was a reliable predictor of clinical out-
comes for COAD patients.

We also compared the m6Ascore between cluster 
A and cluster B groups. The results showed that the 

m6Ascore was higher in patients of cluster A than those 
in cluster B, which was in agreement with m6A cluster 
survival analysis (P < 0.001, Fig.  4E). Subsequently, we 
explored the association between the m6Ascore and 
clinical features, the result of which indicated that the 
m6Ascore exhibited a significant correlation with sur-
vival status, clinical stage, TNM stage of patients, while 

Fig. 3 Gene clusters based on the m6A cluster related DEGs. A Consensus clustering heatmap in COAD (k = 3). B The K-M curves of three gene 
clusters based on m6A cluster-related genes. The gene cluster A showed a significant better outcome than cluster B and cluster C (P < 0.001). C The 
differential expression level of m6A regulators among three gene clusters in TCGA and GSE40967 cohorts
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no such correlation was observed with age and gender 
(Fig. 4F).

The relationship of m6Ascore and TME
As shown in Fig. 5A, m6Ascore was negatively correlated 
with infiltration of most immune cells except for CD56 
bright natural killer cells, monocyte and type 17 T helper 
cells. Our results indicated that patients with low-m6As-
core had higher immune score, stromal score and ESTI-
MATE score than those with high-m6Ascore (P < 0.05, 
Fig. 5B).

The value of m6Ascore in predicting the response 
of patients to chemotherapy, targeted therapy 
and immunotherapy treatments
Our results revealed that patients with a high-m6As-
core exhibited significant higher IPS score across all 
treatment groups (anti-PD1 alone, anti-CTLA4 alone 
and in combination) (P < 0.001, Fig.  6A). The results 
strongly suggested that the m6Ascore was associ-
ated with the response to immunotherapy and could 

potentially predict the prognosis of COAD patients 
treated with anti-PD-1 and anti-CTLA4. Moreover, 
we found that the patients in the MSI-H group had a 
higher m6Ascore, indicating greater sensitivity to anti-
CTLA4 and anti-PD1 treatments (Fig. 6B).

The pRRophetic algorithm was used to forecast the 
sensitivity of 15 commonly used drugs in patients with 
high- and low-m6Ascores. A lower  IC50 level indicates 
greater sensitivity to the drug. As shown in Fig.  6C, 
patients in the high-m6Ascore group were more 
responsive to epothilone.B and sorafenib (P < 0.05), 
while patients in the low-m6Ascore group were more 
sensitive to cisplatin, doxorubicin, etoposide, imatinib, 
lapatinib, OSI.906 and PHA.665752 (P < 0.05). There 
were no significant differences in the sensitivity to 
ABT.888, camptothecin, docetaxel, mitomycin.C, pacli-
taxel and sunitinib based on their m6Ascore (P > 0.05). 
These findings indicated that the m6Ascore might serve 
as a predictor of chemotherapy, targeted therapy and 
immunotherapy responses.

Fig. 4 Construction of the m6Ascore and evaluation of the relationship between m6Ascore and clinical characteristics of COAD patients. A K-M 
curve of high- and low-m6Ascore groups. The patients in high-m6Ascore group had better outcome than those in low-m6Ascore group (P < 0.001). 
B K-M curve of an independent validation cohort (P = 0.007). C The ROC curve of the m6Ascore for predicting prognosis of COAD patients 
was plotted and the AUC was 0.775. D The AUC of the m6Ascore in validation cohort was 0.701. E The difference of m6Ascore was compared 
in the two m6A clusters. The m6Ascore was higher in cluster A (P = 6.9e-11). F The m6Ascore was correlated with patient’s survival status 
(P = 2.3e-05), clinical stage (P = 4.5e-06), T stage (P = 0.00017), N stage (P = 9.8e-06) and M stage (P = 8.6e-05). However, there was no significant 
correlation between m6Ascore and age (P = 0.79), gender (P = 0.26)
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Discussion
Numerous studies have shown that m6A regulators play 
a crucial role in various biological processes, including 
innate immunity, inflammation and anti-tumor effects 
by mediating m6A modifications [22–24]. The expression 
of these regulators is associated with the occurrence and 
progression of various  cancers, such as gastric cancer, 
breast cancer, liver cancer, prostate cancer and so on, sug-
gesting that they can be potential targets for tumor treat-
ment [25–29]. Our study revealed that 23 m6A regulators 
were significantly dysregulated, indicating that these m6A 
regulators could also play critical roles in COAD tumori-
genesis, consistent with previous findings. Yang et al. [30] 

have reported that ALKBH5 plays an important role in 
inhibiting the metastasis of colon cancer. The increased 
expression of METTL3, which mediates m6A modifi-
cation on JAK1 mRNA, is shown to be correlated with 
a poor prognosis in colon cancer patients. KIAA1429 
(also named VIRMA) was reported to be overexpressed 
in CRC by Zhou et al., and participate in the cell prolif-
eration and migration in CRC cell lines by increasing the 
expression of SIRT1 mRNA in an m6A-dependent man-
ner. In addition, some mutations of m6A regulators are 
commonly found in COAD patients, especially ZC3H13. 
ZC3H13 is a canonical CCCH zinc finger protein which 
plays a role in modulating RNA m6A methylation in the 

Fig. 5 The correlationship of m6Ascore with TME. A The correlations between m6Ascore and immune cells analyzed by Spearman analysis. The 
negative correlation and positive correlation were marked with blue and red star, respectively. B The immune score, stromal score and ESTIMATE 
score of COAD patients were higher in the low- m6Ascore group than that of high-m6Ascore group (P < 0.05)
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nucleus as an m6A writer. Somatic frameshift mutation 
of ZC3H13 have been found in 3.3% and 15.2% of gastric 
cancer and colorectal cancer with MSI-H. The mutations 
might contribute to the progression of these cancers by 
regulating cell cycle and DNA damage response [31, 32].

Several studies [33–35] have demonstrated that m6A 
regulators can affect the prognosis of CRC by construct-
ing prognostic models based on lncRNAs and mRNAs 
related to m6A regulators. However, the prognostic 
value of m6A regulators themselves and their relation-
ship with immune regulation and TME are still unclear. 
In this study, we identified 12 m6A regulators which were 
associated with survival of COAD patients. Among them, 
CBL1, IGF2BP1, LRPPRC, YTHDC2 and YTHDF1 were 
positively correlated with OS, while ALKBH5, HNRNPC, 
FTO, WTAP, HNRNPA2B1, METTL3 and ZC3H13 were 
negatively correlated. By stratifying the patients based on 
the expression of m6A regulators, we further investigated 
the the relationship between m6A regulators expres-
sion and the outcome of patients. We observed that 
the expression of m6A regulators except for ALKBH5, 
was significantly upregulated in cluster B patients who 
had worse clinical outcome than those in cluster A. To 
gain insight into the underlying biological molecular 

mechanism of these two clusters, we performed GSVA 
and ssGSEA analyses and found that in cluster B, several 
carcinogenic activation pathways, such as TGF-β signal-
ing pathway, pathway in cancer, basal cell carcinoma were 
enriched, indicating that these pathways might contrib-
ute to the poor survival in this group. On the contrary, 
the cluster A subgroup exhibited enrichment of several 
anti-tumor cells, such as activated B cell, activated CD8 
T cell, CD56 bright natural killer cell, natural killer cell 
and natural killer T cell, providing a new direction for 
understanding the role of m6A regulators in influencing 
immune infiltration and suppressing tumor progression.

To further explore the role of m6A regulators in sur-
vival, we first screened DEGs between the two m6A 
clusters and selected survival-associated DEGs. Next, 
we further calculated the m6Ascore for each patient 
based on these DEGs using PCA algorithm and divided 
the patients into high- and low-m6Ascore groups. 
Patients with a high-m6Ascore had a better survival 
time which was validated by an independent cohort. 
The AUC was 0.775 in training cohort and 0.701 
in validation cohort. The m6Ascore was associated 
with survival status, clinical stage and TNM stages of 
patients and was negatively correlated with anti-tumor 

Fig. 6 The value of m6Ascore in predicting response of patients to therapeutic treatments. A The IPS scores of anti-PD1 and anti-CTLA4 
alone and in combination use were higher in high-m6Ascore group which demonstrated that patients in this group had great sensitivity 
to anti-PD1 and anti-CTLA4 treatments (P < 0.001). B The m6A score was higher in patients with MSI-H group who was know to be more sensitive 
to immunotherapy. C The pRRophetic algorithm was used to predict the sensitivity of 15 commonly used drugs in high- and low-m6Ascore group 
patients. The lower  IC50 level indicates more sensitive to the drugs
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immune cells. Additionally, patients in m6A cluster A 
had a higher m6Ascore. All the results were consist-
ent and confirmed that m6A regulators could predict 
clinical outcome of COAD patients, indicating that it 
might serve as a potential prognostic marker. Xiong 
et  al [21] systematically analyzed 15 m6A regulators 
in glioblastoma (GM) and created a GM-score by PCA 
based on prognosis-related m6A methylation pattern 
signature genes. The AUC of GM-score for predicting 
1-, 2-, and 3-year survival was 0.650, 0.617 and 0.710, 
respectively. The GM-score could identify m6A modi-
fication patterns in individual patients, resulting in a 
more personalization and efficacious anti-tumor immu-
notherapy strategy. Comparing with this research, our 
study employed the same algorithm but based on 27 
m6A regulators and constructed a valuable prognostic 
model for COAD patients which was also validated by 
an independent cohort.

Previous studies have reported that m6A regulators 
played an important role in modulating immune cell 
infiltration in TME and consequently promote immune 
escape [36, 37]. Therefore, exploring the relationship 
between m6A regulators and the TME in COAD patients 
holds great promise. Our study showed that the immune 
score, stromal score and ESTIMATE score were higher in 
low-m6Ascore group. The patients with high-m6Ascore 
exhibited significant higher IPS scores in anti-PD1, anti-
CTLA4 treatment alone and in combination, implying 
a favorable response to these treatments. It is also well 
known that microsatellite stability (MSS) and microsat-
ellite instability (MSI) are important factors that affect 
the effectiveness of immunotherapy in solid tumors. Sev-
eral previous studies have shown that patients with MSI 
are extremely sensitive to immunotherapy. Our results 
demonstrated that the patients in the MSI-H group had 
a higher m6Ascore, who showed great sensitivity to anti-
CTLA and anti-PD1 treatments.

Systemic therapies, including chemotherapy, targeted 
therapy and immunotherapy, are widely used to treat 
patients with advanced and metastatic CRC. However, 
the common chemotherapy drugs used in CRC patients 
have a relatively low pathological complete response rate 
of about 10–20%, highlighting the need for more effec-
tive treatments. Targeted therapy and immunotherapy 
have emerged as essential treatment options for COAD. 
In  our  experiments,  we  found  that pothilone.B and 
sorafenib were more effective in patients with a high 
m6Ascore, while cisplatin, etoposide, imatinib, lapatinib, 
OSI.906 and PHA.665752 were more effective in patients 
with a low-m6Ascore. These findings could offer valu-
able insights into the investigation of tumor sensitivity to 
diverse drugs and thereby aid in providing personalized 
clinical drug therapy for COAD patients.

Conclusion
In this study, we conducted a comprehensive analysis of 
27 m6A regulators in COAD, including expression level, 
CNV changes, mutations and prognostic values. We also 
developed a method to calculate the m6A score of each 
patient and established its potential for predicting patient 
prognosis, which was related to the TME and could pro-
vide new strategies for personalized immunotherapy and 
prognosis prediction. These findings offered promising 
avenues for large-scale, prospective, multicenter studies 
in patients samples and provided informative directions 
for mechanistic studies on the TME and immune cell 
infiltration in COAD.
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