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Background: In this study, we sought to investigate the association between N6-methyladenosine (m6A) 
RNA methylation-modification patterns and patient prognosis in clear cell renal cell carcinoma (ccRCC) and 
construct a ccRCC molecular signature according to expressions of m6A-related genes.
Methods: First, the clinical data and the transcriptomes of 530 patients with ccRCC were downloaded 
from The Cancer Genome Atlas (TCGA). The expression patterns of m6A-related genes were extracted, 
and the differences in m6A-modification patterns between normal and tumor renal tissues were analyzed. 
To explore the prognostic role of m6A-modification patterns a in ccRCC, the molecular subtypes of ccRCC 
were identified based on the expression patterns of the m6A-related genes, and survival rates in patients with 
the different subtypes were compared. According to expressions of m6A-related genes and clinical prognosis 
data, a prognostic molecular signature was constructed using least absolute shrinkage and selector operation 
(LASSO)-Cox regression analysis.
Results: Among the 13 m6A -related genes identified in this study, 8 (YTHDC1, YTHDF2, HNRNPC, 
METTL14, ZC3H13, FTO, YTHDC2, and YTHDF1) showed significant expression differences between 
normal and tumor renal tissues. The molecular subtypes of ccRCC identified according to their expression 
of the 13 m6A-related genes were associated with differential clinical outcomes. 
Conclusions: Following TCGA data-mining, different molecular subtypes of ccRCC based on m6A RNA 
methylation patterns were found to have different prognoses. The molecular signature constructed according 
to the expression patterns of m6A-related genes could predict patient prognosis in ccRCC. We believe m6A 
RNA methylation modification is a potential therapeutic target and may play a crucial role in ccRCC.
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Introduction

Renal cell  carcinoma (RCC), also known as renal 
adenocarcinoma, or simply renal cancer, is a malignant 
tumor originating from the uriniferous tubule epithelium 
in the renal parenchyma. Over the last 2 decades, the 
incidence of renal cancer has risen by approximately 2% (1).  
At present, RCC cases account for 80% to 90% of all renal 
malignancies (2). The incidence is 1.5-fold higher in men 
than women, with peak incidence at 60 to 70 years of age (3).  
In 2016, the World Health Organization classified RCC 
according to origin and genetic alterations as clear cell 
renal cell carcinoma (ccRCC) (60–85%), chromophobe 
renal carcinoma (4–10%), papillary RCC (7–14%), 
collecting duct carcinoma (1–2%), and other rare types (4).  
The most prevalent RCC type is ccRCC, which is usually 
well-defined, without an envelope, yellow in color, and 
often associated with hemorrhage and necrosis. The 
most frequent genetic alterations include the deletion of 
chromosome 3p and mutations in the von Hippel-Lindau 
(VHL) gene on chromosome 3p25. Other tumor suppressor 
genes include breast cancer 1-associated protein 1 (BAP1), 
SET domain containing 2 (SETD2), and polybromo 1 
(PBRM1) (5).

RNA modif icat ions  const i tute  a  type of  post-
transcriptional regulation mechanism. To date, over 150 
RNA modifications have been identified. They occur across 
different RNA types, such as ribosomal RNAs (rRNAs), 
transfer RNAs (tRNAs), messenger RNAs (mRNAs), 
long non-coding RNAs (lncRNAs), and small non-
coding RNAs (sncRNAs). The most common methylation 
modification in RNA is N6-methyladenine (m6A), which 
occurs most commonly in the mRNA of higher organisms. 
The modification level of m6A in the transcripts is 
regulated dynamically by several enzymes, including the 
methyltransferases (encoders), binding proteins (readers), 
and demethylases (decoders). These m6A RNA methylation 
modifications play a major role in cancer progression 
processes, including migration, invasion, and proliferation. 
Thus, m6A modifications and their regulators are becoming 
putative targets for cancer diagnosis and treatment as 
their potential underlying mechanisms are gradually being 
unraveled (6).

Although previous studies have found that m6A 
RNA methylation regulators play an important role in 
the progression of ccRCC, which may be conducive 
to prognostic stratification (7,8). We applied different 
methods to construct new ccRCC subtypes and new 

prognostic molecular signature for ccRCC.In the present 
study, we used high-throughput sequencing data from 
The Cancer Genome Atlas (TCGA, https://www.cancer.
gov) and identified the molecular subtypes of ccRCC 
according to expressions of m6A-related genes, including 
methyltransferase like 14 (METTL14), methyltransferase 
like 3 (METTL3), Wilms’ tumor 1-associated protein 
(WTAP), KIAA1429, zinc finger CCCH domain-containing 
protein 13 (ZC3H13), RNA binding motif protein 15 
(RBM15), HNRNPC, YTHDC1, YTHDC2, YTHDF1, 
YTHDF2, AlkB Homolog 5 (ALKBH5), and the fat mass 
and obesity-associated gene (FTO). Next, comparative 
survival analysis was performed for the obtained subtypes, 
and m6A-related gene expressions were used to construct 
the m6A-related prognostic molecular signature for ccRCC. 
The findings are expected to provide new research ideas 
for studies on the etiology and pathogenesis of ccRCC. 
We present the following article in accordance with the 
TRIPOD reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-22-117/rc).

Methods

Data source

RNA-sequencing data for a total of 611 renal tissue 
samples (72 normal and 539 ccRCC tumor samples) and 
the corresponding clinical data for 530 patients were 
obtained from TCGA, including records of gender, race, 
age, pathological stage, smoking status, radiotherapy status, 
chemotherapy status, and survival. The study was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013).

Research methodology

Differential analysis of expressions of m6A-related 
genes in ccRCC tumor and normal renal tissues 
The expressions of m6A-related genes were extracted 
using the edgeR package (https://www.bioconductor.org/
packages/release/bioc/html/edgeR) in R (version: 4.0.3) 
(https://bioconductor.org/install/index.html#install-R). 
The differences between tumor and normal renal 
tissues were analyzed. Heat maps and violin plots were 
constructed, and correlation analysis was performed among 
the m6A-related genes. The criteria for determining the 
differential gene expressions in this study were as follows: 
an absolute value of fold change ≥2 and a corrected false 

https://www.so.com/link?m=b2fds/6VOImfmxRwkWVdrBdArhHmof+23vLaof+o1GWvtwb/kf3nAmsH//5ni14iC4rGC62CVw89K90owNqn0EEYLVfC/2QXOyRWTC0IcXgjmV8yIBtgV52t1PfKtW/gGhutcoAPIAUP8lgRB
https://www.so.com/link?m=bYZMQ/IqEoitVqSlBQ2i5Q2aZaeNSpOugDnXPtsM2BrMB5GNXGDklhAHrDF1TsEbxEQD2UzmPBDWe6qjj0ARjnNuvlpIb7lCu6uX9G5eldBLUeQO5QgEP+WYW3nnAB/KL1muT44bmlQE2WPPWWoBUrK98xvfR2ZGGm6+zYyY0XeA0bCBLNVfqFIOF5fvadLSP
https://www.cancer.gov
https://www.cancer.gov
https://tcr.amegroups.com/article/view/10.21037/tcr-22-117/rc
https://tcr.amegroups.com/article/view/10.21037/tcr-22-117/rc
https://www.bioconductor.org/packages/release/bioc/html/edgeR
https://www.bioconductor.org/packages/release/bioc/html/edgeR
https://bioconductor.org/install/index.html#install-R
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discovery rate (FDR) <0.05. 

Construction of ccRCC molecular subtypes according 
to m6A-related gene expressions
Unsupervised clustering analysis of the m6A-related 
gene expressions in ccRCC was performed using the 
ConsensusClusterPlus package (https://www.bioconductor.
org/packages/release/bioc/html/ConsensusClusterPlus). 
The ccRCC molecular subtypes identified according to 
m6A-related gene patterns were used for comparative 
prognoses of patients with different subtypes.

Construction of a ccRCC prognostic molecular 
signature according to m6A-related gene expression 
patterns
Least absolute shrinkage and selector operation (LASSO)-
Cox regression analyses were used to identify the genes 
significantly associated with prognosis in patients with 
ccRCC. A molecular signature was constructed using Cox 
regression coefficients. The calculation formula was as 
follows: 

1 2 2

11 11......
gene1 gene gene gene

gene gene

Risk score = EXP + EXP
EXP

β β

β

∗ ∗

+ + ∗
 [1]

where EXP represented the expression level of genes and 
β the regression correlation coefficient. After substituting 
the relevant data, the molecular signature scores were 
calculated. According to the median of the molecular 
signature scores, patients with ccRCC were classified into 
high- and low-expression groups, and the prognoses for the 
2 groups were compared.

Statistical analysis 
Continuous variables use t-test or one-way ANOVA, and 
categorical variables use chi-square test or Fisher-exact. 
Univariate and multivariate Cox regression analyses were 
performed to demonstrate whether genetic traits were 
independent of other clinical features. All statistics are 
made in R software 4.1.1. The edgeR package is used for 
difference analysis, and the survival package and glmnet 
package are used for Cox regression analysis and Lasso 
regression analysis.

Results

Basic characteristics of patients

The data of a total of 530 patients, including 186 (35.09%) 

females and 344 (64.91%) males, were analyzed. A total of 
177 (33.4%) of them did not survive, while 353 (66.6%) of 
them did (Table 1).

The m6A-related genes differentially expressed between 
ccRCC tumor tissues and normal kidney tissues

The RNA sequencing data for 611 renal tissue samples, 
including 72 normal samples and 539 ccRCC tumor 
samples, were downloaded from TCGA. If patients 
had multiple tumor sample data, the average values was 
taken. The differences between ccRCC tumor tissue and 
normal kidney tissue expressions of 13 m6A-related genes 
(METTL14, METTL3, WTAP, HNRNPC, FTO, KIAA1429, 
RBM15 ZC3H13,  YTHDF1,  YTHDF2,  YTHDC1, 
YTHDC2, and ALKBH5) were analyzed, and heat maps and 
violin plots were generated (Figure 1). Next, a correlation 
analysis between the expressions of m6A-related genes 
was performed (Figure 2). Eight of the 13 m6A-related 
genes (YTHDC1, YTHDF2, HNRNPC, FTO, METTL14, 
YTHDC2, ZC3H13, and YTHDF1) were significantly 
differentially expressed between normal and tumor renal 
tissues.

Molecular subtypes of ccRCC identified according to m6A-
related gene expressions 

Unsupervised clustering of ccRCC samples based on the 
expressions of m6A-related genes was performed using 
the ConsensusClusterPlus package (Figure 3A-3J). Based 
on the consistency matrix and results of the delta region, 
clustering was found to be stable, and the overfitting effect 
was reduced when k=2 or 3. The expectation maximization-
principal component analysis (EM-PCA) algorithm was 
used to perform dimensionality reduction analysis of 
the principal components to concomitantly reduce gene 
expressions to PCA1 or PCA2, thereby representing the 
full gene expression information. Overlap was smaller when 
k=2 (Figure 3K) than when k=3 (Figure 3L). Moreover, 
when k=2, tumor samples could be better differentiated. 
The prognoses of patients with different ccRCC types 
at k=2 were also analyzed and compared, and significant 
differences were observed between the groups (P=0.016) 
(Figure 4A). Further exploring the tumor microenvironment 
and immune infiltrating cells of the two subtypes, The 
stromal score of subtype 2 was higher than that of subtype 1 
(P<0.01) (Figure 4B,4C). There were significant differences 
in Memory B cells, T regulatory cells (Tregs), NK cells 

https://www.bioconductor.org/packages/release/bioc/html/ConsensusClusterPlus
https://www.bioconductor.org/packages/release/bioc/html/ConsensusClusterPlus
https://www.so.com/link?m=blt20RplNykO5aIkm3na3hFaVkW8NOZhXTwy/sZE7eSN1/oYn9UeRwneS2j4W2Sf32w/A6CApLeI6dkIinV/dZjmlZDZ/vq80LJTYai1M1730MUlwERYDvjZskuTEI8tfHSwdzqMb8FlXATZKK2rt9fFqFnXL4kblUT0BY5AGra39ylrm
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Table 1 Basic parameters of patients with ccRCC from The Cancer 
Genome Atlas

Clinical variables Case (n) (%)

Survival status

Surviving 353 66.60

Dead 177 33.40

Age (years)

<50 107 20.19

50–59 138 26.04

60–69 142 26.79

70–79 110 20.75

≥80 24 4.53

Gender

Female 186 35.09

Male 344 64.91

History of radiotherapy

Yes 6 1.13

No 524 98.87

History of medication

Yes 75 14.15

No 455 85.85

Pathological grade of the tumor

G1 14 2.64

G2 227 42.83

G3 208 39.25

G4 75 14.15

GX 6 1.13

Tumor stage

Stage I 267 50.38

Stage II 57 10.75

Stage III 124 23.40

Stage IV 82 15.47

Tumor T-stage

T1 271 51.13

T2 69 13.02

T3 179 33.77

T4 11 2.08

Table 1 (continued)

Table 1 (continued)

Clinical variables Case (n) (%)

Tumor N-stage

N0 239 45.09

N1 16 3.02

NX 275 51.89

Tumor M-stage

M0 420 79.25

M1 78 14.72

MX 32 6.04

ccRCC, clear cell renal cell carcinoma.

resetting and macrophages M1 between the two subtypes 
(Figure 4D).

The expression levels of HLA genes of subtype 2 
between two subtypes almost all higher than subtype 1 
(Figure 4E).

Screening of prognostic markers and construction of a 
molecular signature for ccRCC

Univariate Cox regression analysis for 13 m6A-related gene 
expressions in combination with survival data revealed that 
7 genes (ZC3H13, FTO, METTL3, METTL14, KIAA1429, 
YTHDC1, and YTHDF2) were significantly correlated with 
prognosis in patients with ccRCC (P<0.05).

The transcriptomic data of 530 ccRCC cases were 
randomly divided into 2 cohorts in a ratio of 30:70, with the 
latter cohort used as the training dataset for constructing 
the prognostic molecular signature and the former used as 
the testing dataset for validating the prognostic value of the 
constructed molecular signature.

The 7 genes related to prognosis in patients with 
ccRCC that were screened in the univariate Cox regression 
analysis were further analyzed by LASSO regression and 
multivariate Cox regression. Finally, 5 genes (KIAA1429, 
METTL14, METTL3, YTHDF2, and ZC3H13) (Figure 5,  
Table 2) were further identified and used to construct a 
molecular signature as in Eq. [1]. 

Where EXP represented the expression levels of the 
genes and β the regression correlation coefficient. After 
substituting the relevant data, the molecular signature 
scores were calculated.



Guan et al. Clinical significance of m6A RNA methylation in ccRCC512

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2022;11(3):508-518 | https://dx.doi.org/10.21037/tcr-22-117

1429

14

3

2

3 13

0.438496222
1.066792534
0.603582994
0.782748351
0.534748809

KIAA

METTL

METTL

YTHDF

ZC H

Risk score = EXP
EXP
EXP
EXP
EXP

∗

− ∗
+ ∗

+ ∗
− ∗

 
[2]

After substituting the relevant data, the molecular 
signature scores were calculated. According to the median 
molecular signature score, patients were categorized into 2 
groups, namely high- and low-score, and survival curves were 

plotted for the training and testing datasets after combining 
the survival time and survival status of the patients from 
TCGA. Next, we determined whether the differences in 
survival curves between the high- and low-score groups were 
significant. The molecular signature scores for the entire 
dataset and the training and testing datasets were correlated 
significantly with the survival of ccRCC patients. The higher 
the molecular signature score, the worse the prognosis of 
the patient (Figure 3). Subsequently, the receiver operator 
characteristic (ROC) curves were plotted using 1-, 3-, and 

Figure 1 Heat map (A) and violin plot (B) for expression levels of m6A-related genes in ccRCC tumor tissues and normal kidney tissues. 
ccRCC, clear cell renal cell carcinoma; *, P<0.05; **, P<0.01; ***, P<0.001.
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5-year survival rates (Figure 6).

Discussion

Found in  both mRNAs and lncRNAs,  m 6A RNA 
modifications are reversible epigenetic modifications and 
are closely associated with the stimulation and attenuation 
of cancer-related signaling cascades. They affect processes 
of transcription, localization, metabolism, RNA maturation, 
and translation and are involved in multiple biological 
processes in mammals, including the development of 
the nervous system, regulation of the circadian rhythms, 
heat shock response, DNA damage response, and tumor 
progression (9,10). Meanwhile, m6A serves as an important 
regulatory mechanism for gene expression in several 
physiological and pathological processes, including cancer 
progression. Genes related to m6A include METTL14, 
METTL3, WTAP, HNRNPC, KIAA1429, ALKBH5, 
RBM15, ZC3H13, FTO, YTHDF1, YTHDF2, YTHDC1, 

and YTHDC2. Among them, METTL14, METTL3, WTAP, 
RBM15, KIAA1429, and ZC3H13 are methyltransferase-
related genes, while FTO and ALKBH5 are demethylase 
genes, whose primary role is to remove the m6A methyl 
groups from RNA. The main role of methylation 
recognition enzymes is to encode genes by binding to the 
m6A modification sites in the RNAs. The first identified 
methylation recognition enzymes were the proteins 
containing the YTH domains, including the YTH domain-
containing protein (YTHDC) and YTH domain family 
protein (YTHDF) subtypes, such as YTHDC1, YTHDC2, 
YTHDF1, YTHDF2, and HNRNPC (10,11).

Cancer cell fates are altered by m6A modifications, which 
influences several different facets of cancer progression 
processes. In addition, m6A acts as a promoter or inhibitor at 
different stages of cancer (12). One previous study showed 
that m6A-related RNA in the peripheral blood might serve 
as an effective biomarker for the diagnosis of breast cancer 
and benign breast diseases (13). Another study reported the 

Figure 2 Correlation analysis for the expressions of 13 m6A-related genes. 
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Figure 3 Consistent clustering analysis of ccRCC samples based on the expressions of m6A-related genes. ccRCC, clear cell renal cell 
carcinoma; CDF, cumulative distribution function; PCA, principal component analysis.

impact of m6A modifications on cancer treatment resistance 
and their implications in chemotherapy, radiotherapy, and 
immunotherapy (14). The m6A-related METTL3 gene is 
an oncogenic promoter in thymic tumors and may be a 
promising therapeutic target for the treatment of patients 
with thymic tumors (15).

The most common pathological type of RCC is ccRCC, 
which has characteristic common genetic alterations, 
including the deletion of chromosome 3p and mutations 
in the VHL gene on chromosome 3p25. Other tumor 
suppressor genes include SETD2, BAP1, and PBRM1 (5). 
A recent study showed that FTO could selectively inhibit 
the growth and survival of VHL-deficient cells (16). A 
study have shown that knockdown of METTL3 gene will 
increase the phosphorylation level of phosphatidylinositol-
3-kinase/protein kinase B/mammalian rapamycin target 
protein pathway and affect the progress of RCC (17).  
The down-regulat ion of  METTL3 wi l l  promote 

cell proliferation, migration, invasion and epithelial 
mesenchymal transformation, induce Go/G phase arrest 
and promote the increase of p21 expression, so as to 
promote the growth of RCC. In the present study, patients’ 
clinical data, along with the transcriptomics of 530 cases 
of ccRCC, were extracted from TCGA. Then, expressions 
of m6A-related genes were recorded, and the differences in 
m6A-related gene expressions between normal and tumor 
renal tissues were analyzed. Expressions of 8 genes among 
the 13 m6A -related genes identified in this study (YTHDC1, 
YTHDF2, HNRNPC, FTO, METTL14, YTHDC2, ZC3H13, 
and YTHDF1) differed significantly between the tumor and 
normal renal tissues. The molecular subtypes of ccRCC 
were identified according to the expressions of m6A-related 
genes, and the survival rates associated with different 
molecular subtypes were compared. Different molecular 
subtypes of ccRCC based on m6A RNA methylation were 
found to have different prognoses, which suggested that 
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Figure 4 Comparison of survival curve, tumor microenvironment and immune cell infiltration between two subtypes based on the 
expressions of m6A-related genes. (A) Comparison of survival analysis of the 2 ccRCC subtypes based on the expressions of m6A-related 
genes. (B) Immune infiltrating cells heatmap based on subtypes of ccRCC identified according to m6A-related gene expressions. (C) 
Comparison of ESTIMATE Score, Stromal score, and Immune score between two subtypes. (D) Comparison of the immune cell infiltration 
levels between two subtypes. (E) Comparison of the expression levels of HLA genes between two subtypes. ns, P>0.05; *, P<0.05; **, P<0.01; 
***, P<0.001. TME, tumor microenvironment. 
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Figure 5 Prognosis-related molecules in ccRCC screened by LASSO regression. (A) Variation of different RNA coefficients. (B) Partial 
likelihood deviation as parameter λ varies. ccRCC, clear cell renal cell carcinoma; LASSO, least absolute shrinkage and selection operator.

Table 2 Findings from univariate and multivariate Cox analyses for the 5 m6A-related genes

m6A-related genes
Univariate analysis Multivariate analysis

Hazard ratio Z value P value Hazard ratio Z value P value

KIAA1429 0.789318 –2.41701 0.015649 1.550374 1.728097 0.083971

METTL14 0.696207 –4.26616 0.0000199 0.34411 –3.80809 0.00014

METTL3 1.248753 2.087501 0.036843 1.828659 3.983522 0.0000679

YTHDF2 0.77696 –2.20015 0.027796 2.187476 2.334648 0.019562

ZC3H13 0.776113 –3.27685 0.00105 0.585816 –2.18477 0.028905

m6A RNA methylation modifications could have important 
implications in ccRCC and serve as a potential therapeutic 
target. We further explored the difference of tumor 
microenvironment between the two subtypes. There were 
significant differences in Memory B cells, T regulatory cells 
(Tregs), NK cells resetting and macrophages M1 between 
the two subtypes. The expression levels of HLA genes of 
subtype 2 between two subtypes almost all higher than 
subtype 1. We further combined the expression of 13 m6A 
related genes with survival data for univariate Cox analysis. 
It was found that univariate analysis of 7 genes (METTL14, 
ZC3H13, FTO, YTHDC1, KIAA1429, YTHDF2, METTL3) 
was related to the prognosis of renal clear cell carcinoma. 
The seven genes screened by univariate regression analysis 
and the genes related to the prognosis of ccRCC were 
further analyzed by lasso regression analysis and multivariate 

Cox analysis. Finally, the prognostic molecular tag value 
composed of five genes was constructed. The newly 
constructed molecular tag can well predict the prognosis of 
patients with renal clear cell carcinoma. All these suggested 
that m6A RNA methylation modifications could have 
important implications in ccRCC and serve as a potential 
therapeutic target.

This study had some limitations. First, there is no 
research was carried out on the mechanism of the screened 
RNA in this study. How these RNAs affect the growth 
and apoptosis of renal clear cell carcinoma and then affect 
the prognosis of renal clear cell carcinoma remains to be 
studied. Second, whether the constructed molecular tags can 
predict the prognosis of renal clear cell carcinoma outside 
TCGA database remains to be verified. These problems 
need further study.
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Figure 6 Survival curves and ROC curves for the molecular signature. (A) Survival curve for the training dataset. (B) Survival curve for the 
testing dataset. (C) Survival curve for the entire dataset. (D) 1-, 3-, and 5-year ROC curves for the training dataset. (E) 1-, 3-, and 5-year 
ROC curves for the testing dataset. (F) 1-, 3-, and 5-year ROC curves for the entire dataset. ROC, receiver operating characteristic curve.
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