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Background: N6-methyladenosine (m6A) RNA methylation is the most prevalent modifi-
cation of mammalian RNA, and it is associated with tumorigenesis and cancer progression. 
Its regulation is mediated via m6A-related regulators, including “erasers,” “readers,” and 
“writers”. The present study evaluated the expression profile, risk signature and prognostic 
value of 13 m6A regulators in hepatocellular carcinoma (HCC) using different datasets, 
including The Cancer Genome Atlas (TCGA), Gene Expression Omnibus (GEO) and clinical 
samples.
Methods: We used 374 HCC samples derived from the TCGA database, 569 HCC samples 
from 2 GEO datasets, and clinical tumour and nontumour tissues derived from 60 patients 
with HCC who underwent surgery in Xinqiao Hospital Chongqing to assess the gene 
expression profiles and prognostic values of m6A-related regulators in HCC.
Results: Eight of 13 core m6A-related regulators were overexpressed in all databases, 
including TCGA, GSE, clinical tumour and nontumour tissues of HCC. Two clusters 
(Cluster 1 and Cluster 2) were identified via consensus clustering. Cluster 2 was associated 
with poorer prognosis, higher tumour grade, higher AFP levels, and worse outcome com-
pared to Cluster 1, which indicates that these m6A-related regulators are highly correlated 
with HCC malignancy. We performed survival analyses using the Log rank tests and a Cox 
regression model. Gene enrichment analysis was used to detect the related KEGG and GO 
pathways. We derived a prognostic risk signature using five selected m6A-related regulators.
Conclusion: Our work suggested that m6A-related regulators might be key participants in 
the tumour progression of HCC and potential biomarkers with prognostic value.
Keywords: RNA modification, N6-methyladenosine, m6A, hepatocellular carcinoma, 
prognosis, RNA methylation regulators

Introduction
Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related 
death, and its incidence is increasing globally.1–3 Similar to other malignant tumours, 
the tumorigenesis of HCC is a multistep process involving genetic, epigenetic, and 
transcriptomic alterations. The current 5-year survival rate is approximately 18% 
partially because 50% of a late-stage diagnosis, tumour metastasis, postoperative 
recurrence, and chemotherapeutic drug resistance.4 Despite the low survival rate, the 
detailed mechanisms underlying HCC progression are not known, and the identifica-
tion of effective molecular targets in carcinogenesis and metastasis to improve the 
outcomes for patients with HCC remains a challenging issue.
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Epigenetics, which involves alterations of DNA or 
histones, has been widely studied in tumour progression. 
Epigenetic changes are potentially reversible and indepen-
dent of DNA sequences and may lead to the development 
of several therapeutic modalities. RNA modification was 
first described in 1974, but it was not regarded as another 
meaningful epigenetic layer until recently.5,6 RNA mod-
ifications include pseudouridine, N6-methyladenosine 
(m6A), N1-methyladenosine, 5-methylcytosine, and 2′-O- 
methylation. M6A is the most common and abundant 
modified base in eukaryotic cell mRNA. M6A is present 
in >300 noncoding RNAs and 7600 mRNAs, and it is 
widespread throughout the transcriptome.7 It is located in 
3′-UTRs around long internal exons and stop codons and 
results in alterations of RNA stability, intracellular distri-
bution, splicing, and translation. The primary m6A-related 
regulators consist of 13 genes: “writers” [methyltrans-
ferases, including methyltransferase-like 3 (METTL3), 
zinc finger CCCH domain-containing protein 13 
(ZC3H13), methyltransferase-like 14 (METTL14), RNA- 
binding protein 15 (RBM15), vir-like m6A methyltransfer-
ase associated (VIRMA, also known as KIAA1429), and 
Wilms’ tumour 1 associating protein (WTAP)]; “erasers” 
[demethylases, including RNA demethylase ALKBH5 
(ALKBH5) and alpha-ketoglutarate dependent dioxygen-
ase (FTO)]; and “readers” [binding proteins, including 
YTH domain containing 1 (YTHDC1), YTH domain 
family protein 1 (YTHDF1), YTH domain containing 2 
(YTHDC2), YTH domain family protein 2 (YTHDF2), 
and heterogeneous nuclear ribonucleoproteins C1/C2 
(HNRNPC)]. Writers up-regulate m6A levels, which 
form a methyltransferase enzyme complex. Erasers act as 
demethylases and downregulate the level of m6A. 
Therefore, m6A levels are dynamic in nature and levels 
are likely regulated and determined via the interplay 
between “writers” and “erasers.” The “readers” act as 
effectors to decode the m6A RNA methylation 
information.5,8 These findings considerably increased our 
understanding of the mechanisms underlying m6A 
modifications.

M6A dysregulation is vital in many key biological 
processes, including cell proliferation, cell self-renewal 
capacity, stress responses, and cell death.9 The important 
role of m6A methylation in tumorigenesis recently 
emerged. Alterations in m6A-related genes promote the 
progression of gliomas, breast cancer, haematologic malig-
nancies, and clear-cell renal cell carcinoma.10–13 

METTL14 is the most common m6A regulatory gene in 

aberrant HCC m6A modification, which suppresses 
tumour metastasis via modulation of microRNA-126 in a 
manner that is dependent on DGCR8.14 Zhou et al demon-
strated the role of 12 m6A-related genes in HCC from 4 
datasets and found that two genes, METTL3 and 
YTHDF1, were associated with OS in HCC.15 Recent 
studies examined the role of m6A regulatory genes in 
HCC prognosis.16–19 The present study systematically ana-
lysed the clinical and RNA-seq pertaining to HCC from 
The Cancer Genome Atlas (TCGA) database and evalu-
ated the alterations of 13 m6A regulatory genes in HCC 
and their association with clinicopathological features. All 
of the results were validated in the Gene Expression 
Omnibus (GEO) database and clinical samples. We report 
that m6A-related regulators are vital in tumorigenesis in 
HCC, and five m6A regulators were chosen to analyse the 
prognosis of HCC.

Materials and Methods
Data Resources
RNA sequencing and corresponding clinical data for 374 
patients with HCC and 50 healthy (control) individuals 
were retrieved from TCGA, which is open to the public 
under related guidelines. The datasets GSE62232 and 
GSE14520 were downloaded from the GEO database. 
GSE62232 contained 91 samples, including 81 HCC 
tumour and 10 adjacent nontumour tissues. GSE14520 
contained 488 clinical samples, including 241 tumour 
and adjacent tissues. The other 247 were tumour samples 
of HCC. R language was used to normalize the expression 
data.14 The clinicopathological characteristics of patients 
from the TCGA and GEO databases are listed in Table 1.

Patients and Tissue Specimens
Sixty pairs of fresh tissue samples comprised of HCC and 
adjacent noncancerous tissues were obtained from patients 
who underwent surgery and pathological biopsy in 
Xinqiao Hospital in Chongqing, China between 2011 and 
2018. Samples were stored in liquid nitrogen. All enrolled 
patients were Asian.

qRT-PCR Analysis
Total RNA was extracted from frozen tissues using TRIzol 
reagent (Invitrogen, Carlsbad, CA, USA) according to the 
manufacturer’s instructions. Quantitative real-time reverse 
transcription PCR (qRT-PCR) was performed exactly as 
previously described.20 Briefly, mRNA reverse 
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transcription and qRT-PCR were performed using a SYBR 
Green Kit (Invitrogen) with an ABI PRISM 7500 system 
(Applied Biosystems, Foster City, CA, USA). The glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) gene was 
used as an internal control, and the 2-∆∆Ct method was 
used for relative quantification. The primers used are 
shown in Supplementary Table 1. The experiment was 
repeated 3 times with 4 replicates. Student’s t-test was 
used for comparisons between these two groups, and P < 
0.05 was considered statistically significant.

Immunohistochemistry
Immunohistochemistry was performed as described 
previously.21 The primary antibodies used were METTL3 
(GeneTex, USA, 1:150), RBM15 (Abcam Inc., USA, 1:50), 
YTHDC1 (Abcam Inc., USA, 1:000), YTHDF1 (Abcam 
Inc., USA, 1:100), and YTHDF2 (Abcam Inc., USA, 1:50).

Bioinformatics Analyses
The association between the expression of 13 m6A-related 
regulators and tumour stage was evaluated using Gene 

Expression Profiling Interactive Analysis (GEPIA), 
which is an online website for tumour- and nontumour 
related gene expression data, using profiling from TCGA. 
To systematically and effectively investigate the roles and 
functions of m6A-related regulators, we clustered liver 
cancer into different subgroups using consensus clustering. 
We used principal component analysis in the R package 
v3.4.1 to analyse the gene expression patterns in different 
HCC clusters. Interactions among the 13 m6A-related 
regulators were detected using the STRING database, 
and GSEA was used to determine functions that potentially 
correlated with HCC clusters.

Univariate Cox regression analysis was used to evalu-
ate the potential prognostic value of m6A-related regula-
tors in HCC. Nine genes were related to overall survival 
(OS), and these genes were chosen for functional analyses 
and the establishment of a risk score using LASSO Cox 
regression analysis.22,23 Five m6A-related regulators and 
the coefficients obtained based on the minimum criteria 
were introduced to determine the risk score. The following 
formula was used to determine the risk score:

Table 1 Clinicopathological Features of Patients Included in This Study

TCGA Database GSE14520 GEO Database Clinical Samples

Total 374 242 60

Age 16–90 (59) 21–77 (51) 18–78 (53)

Gender Male 253 211 43
Female 121 31 17

Etiology HBV/HCV 274 218 49
NA 100 24 11

Alcohol consumption Yes 132 NA 25
No 242 NA 35

Grade G1 55 19 11
G2 180 44 34

G3 124 0 10
G4 13 0 5

NA 2 179 0

TNM staging I 175 96 25
II 87 78 17

III 85 51 12
IV 5 0 2

NA 22 17 4

Follow-up, months 0–122 1.8–67.4 7–80

Survival condition Dead 123 96 28

Alive 249 146 32

Abbreviation: NA, not available.
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Risk score ¼ ∑n
i¼1Coexi � fi 

Using GO and KEGG pathway enrichment analyses, 
functional annotation was performed on the differentially 
expressed genes in each group.

Statistical Analyses
Patients were divided into two subgroups via consensus 
clustering of different m6A-related regulators. High- and 
low-risk categories were identified using a cut-off value 
from the median risk score, which was derived from the 
indicated risk signature. Multivariate and univariate Cox 
regression analyses were used to assess the prognostic 
value of the risk signature and the indicated clinicopatho-
logical parameters. Kaplan–Meier survival curves were 
used to compare the OS of different subgroups of HCC 
patients. Statistical analyses were performed using R 
v3.5.1 and SPSS 20.0 (version 20.0, SPSS Inc., Chicago, 
IL, USA). P < 0.05 was considered statistically significant.

Results
The Correlation Between m6A-Related 
Regulators and HCC Malignancy
Gene expression profiles were downloaded from TCGA 
[data for 374 HCC patients and 50 healthy (control) indi-
viduals] and GEO databases (GSE62232, data for 81 
patients with HCC and 10 nontumour tissues), and the 
expression of m6A-related regulators was analysed. As 
shown in Figure 1A and B, 11 of the 13 m6A-related 
regulators in the TCGA database were significantly upre-
gulated in HCC: FTO (P<0.001), YTHDC1 (P<0.001), 
YTHDC2 (P<0.001), ALKBH5 (P<0.001), KIAA1429 
(P<0.001), METTL3 (P<0.001), HNRNPC (P<0.001), 
YTHDF2 (P<0.001), RBM15 (P<0.001), WTAP 
(P<0.001), and YTHDF1 (P<0.001). Figure 1C shows 
that 10 m6A-related regulators in the GSE62232 dataset 
were significantly upregulated in HCC: WTAP (P<0.01), 
YTHDC2 (P<0.001), RBM15 (P<0.001), KIAA1429 
(P<0.001), METTL3 (P<0.001), METTL14 (P<0.001), 
YTHDF1 (P<0.001), YTHDC1 (P<0.001), HNRNPC 
(P<0.001), and FTO (P<0.05). Therefore, 8 genes, 
METTL3, WTAP, RBM15, KIAA1429, YTHDF1, 
YTHDC1, YTHDC2 and HNRNPC, were upregulated in 
both databases. We selected 60 patients with hepatocellu-
lar carcinoma that was diagnosed by pathology for subse-
quent experimental studies. The qRT-PCR results showed 
that 10 of the 13 m6A-related regulators were significantly 
upregulated in HCC clinical samples (Figure 1D): 

YTHDC1 (P<0.05), YTHDC2 (P<0.05), ALKBH5 
(P<0.01), KIAA1429 (P<0.01), METTL3 (P<0.001), 
HNRNPC (P<0.01), YTHDF2 (P<0.01), RBM15 
(P<0.01), WTAP (P<0.01), and YTHDF1 (P<0.05, 
Figure 1D). With tumour progression from stage I to III, 
the expression of five m6A-related regulators (two “wri-
ters” and three “readers”) gradually increased: METTL3 
(P<0.05), RBM15 (P<0.01), YTHDC1 (P<0.05), YTHDF1 
(P<0.001), and YTHDF2 (P<0.05, Figure 2A). The 
expression of the other eight genes was not associated 
with tumour staging (Supplementary Figure 1). Although 
the expression of these genes in stage IV tumours notably 
decreased, the overall trend was statistically significant. 
The immunohistochemical staining results of the 5 m6A- 
related regulators in different stages of HCC are shown in 
Figure 2B. METTL3, YTHDF1, YTHDC1, YTHDF2 and 
RBM15 were all positively expressed in HCC specimens. 
METTL3, YTHDC1 and RBM15 were primarily 
expressed in the nucleus, and YTHDF1 and YTHDF2 
were primarily expressed in the cytoplasm. The expression 
intensity and positive rate of these regulators increased 
with tumour stage progression from stage I to III. To 
examine the prognostic value of m6A-related regulators 
in HCC, we analysed the effects of the 13 genes on the OS 
of patients with HCC. The results indicated that HCC 
samples with higher expression levels of KIAA1429 
(P<0.01), YTHDF1 (P<0.01), METTL3 (P<0.001), 
WTAP (P<0.01), or YTHDF2 (P<0.01, three “writers” 
and two “readers”) showed poorer OS (Figure 3A), but 
no significant differences were observed for the remaining 
eight m6A-related regulators (Supplementary Figure 2). 
We further validated the association of these five genes 
with patient OS in the 60 clinical HCC samples. Except 
for YTHDF2 (P=0.05), patients with higher expression 
levels of KIAA1429 (P<0.05), METTL3 (P<0.05), 
WTAP (P<0.05), or YTHDF1 (P<0.05) showed poorer 
OS (Figure 3B).

HCC Subgroups Defined by Consensus 
Cluster of m6A-Related Regulators
The clinical features of HCC associated with m6A-related 
regulators may provide a new perspective for the molecu-
lar classification of liver cancer. Therefore, we performed 
further studies using consensus clustering. We used the 
following principles in the process of choosing the proper 
k value: 1) the cluster number was determined by the K 
value with the lowest proportion of ambiguous clustering 
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METTL14

ZC3H13

FTO

* YTHDC1

* YTHDC2

** ALKBH5

** KIAA1429

*** METTL3

** HNRNPC

** YTHDF2

** RBM15

** WTAP

* YTHDF1

-4 -2 0 2 4

D

Relative mRNA level of  m6A RNA methylation regulators
(tumor/Non-Tumor,  ∆ ∆Ct) 

WTAP **

RBM15 ***

YTHDC2 ***

METTL3 ***

ZC3H13

METTL14 ***

KIAA1429 ***

YTHDC1 ***

TYHDF1 ***

YTHDF2

FTO *

HNRNPC ***

ALKBH5

GSE62232

Normal Tumor

Figure 1 Expression of m6A RNA methylation regulators in HCC samples vs in normal tissues in different database. (A and B) Expression levels of 13 m6A-related genes in 
TCGA database. (C) Expression heatmap plotting of m6A-related genes in GSE62232 dataset. (D) Expression levels of m6A-related genes in 60 paired HCC tissues and 
adjacent nontumor tissues (Xinqiao Hospital clinical samples) was examined by qRT-PCR, in which GAPDH was used as internal control. Relative gene expression was 
determined using the comparative delta-delta CT method. 
Note: *P < 0.05, **P < 0.01, ***P < 0.001. 
Abbreviation: ΔΔCt, delta-delta CT.
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Figure 2 Expression levels of m6A RNA methylation regulators in HCC at different tumor stages. (A) The association between the expression of five m6A RNA methylation 
regulators and tumor stage was evaluated by GEPIA. (B) Representative immunohistochemistry images of the five m6A RNA methylation regulators at different tumor stages.
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A

B

Figure 3 Kaplan–Meier OS curve for patients with HCC with high or low expression levels of m6A RNA methylation regulators. (A) Results from GEPIA. (B) Results from 
analysis of clinical 60 HCC samples.
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(PAC) because this value indicated a low rate of discordant 
assignments across different clusters; 2) we ensured the 
lowest intra-group differences and greatest inter-group 
differences; and 3) we ensured that no group had a parti-
cularly small sample size. Consequently, k=2 was the 
comprehensive choice based on Figure 4A–C and 
Supplementary Figure 3. Principal component analysis 
was used to compare the transcriptional profile between 
Clusters 1 and 2, and a clear distinction was noted 
(Figure 4D). We systematically compared the clinico-
pathological characteristics of Clusters 1 and 2 
(Figure 4E). The clinicopathological features of patients 
from cluster 1 and 2 are listed in Table 2. Cluster 1 was 
significantly associated with lower α-fetoprotein (AFP) 
levels (P<0.001), male sex (P<0.01), low tumour grade 
(P<0.05), and better outcomes (P<0.05). Cluster 2 primar-
ily correlated with higher AFP levels, female sex, higher 
tumour grade, and worse outcomes. We observed signifi-
cantly better OS in Cluster 1 than Cluster 2 (Figure 4F, P < 
0.001). These results showed that the clusters classified 
using consensus clustering were closely related to HCC 
malignancy. We validated our results of consensus cluster-
ing in GSE62232, and the clinicopathological characteris-
tics of Clusters 1 and 2 were systematically compared 
(Supplementary Figure 4). Consistent with the TCGA 
findings, the GSE62232 results also indicated that Cluster 
1 was notably associated with low tumour grade (P<0.05).

Prognostic Value of m6A-Related 
Regulators in HCC and Risk Signature 
Construction
Univariate Cox regression analysis was performed to 
detect the potential prognostic role of m6A-related regu-
lators in HCC. Analysis of data from the TCGA database 
showed that nine of the 13 m6A-related regulators were 
closely correlated with OS (Figure 5A). Among the nine 
m6A-related regulators, FTO (P=0.245), WTAP (P<0.01), 
YTHDF2 (P<0.001), METTL3 (P<0.001), KIAA1429 
(P<0.001), YTHDC1 (P<0.05), HNRNPC (P<0.01), 
YTHDF1 (P<0.001), and RBM15 (P<0.05) were risk fac-
tors with hazard ratios > 1, but only ZC3H13 (P<0.05) was 
a protective factor with a hazard ratio < 1. To assess the 
unpredictable role of m6A-related regulators in the prog-
nosis of HCC, LASSO Cox regression analysis was used, 
and the coefficients obtained were introduced to determine 
the risk score (Figure 5B). Based on the minimum criteria, 
five genes, ZC3H13, KIAA1429, YTHDF2, YTHDF1, and 

METTL3, were used to establish the risk signature, and 
HCC patients derived from the TCGA dataset were classi-
fied into high- and low-risk categories. The high- and low- 
risk categories exhibited significantly different OS 
(Figure 5C, P<0.001)). The receiver operating character-
istic curve showed that the risk signature was somewhat 
reliable in predicting the 5-year survival rates of HCC 
patients (area under the curve = 0.614; Figure 5D).

The heat map in Figure 6A shows the expression of 
these five m6A-related regulator genes in the high-risk and 
low-risk subgroups. The high- and low-risk categories 
differed significantly in T (P<0.05) of the TNM system, 
stage (P<0.01), grade (P<0.05) and AFP (P<0.001) levels 
of HCC. We used Cox regression analyses (univariate and 
multivariate analyses) to detect whether the risk model we 
established could indicate prognosis in HCC indepen-
dently. Univariate analyses revealed that tumour stage 
(P<0.0001), T (P<0.001) of the TNM system, and risk 
score (P<0.001) were significantly associated with OS. 
When all these factors were included in the multivariate 
analysis, the risk signature (P<0.001) continued to be sig-
nificantly associated with OS (Figure 6B and C, Tables 3 
and 4). Analysis of Figure 6A–C was also performed in 
GSE14520 and the clinical samples to validate the results 
of the risk signature. The risk score in GSE14520 signifi-
cantly correlated with tumour stage (P<0.05), sex (P<0.05) 
and the ultimate survival state (P<0.01, Supplementary 
Figure 5A). Univariate and multivariate analyses indicated 
that risk score (P<0.01) and stage (P<0.001) were strongly 
associated with OS (Supplementary Figure 5B and C, 
Supplementary Tables 2 and 3). To further validate the 
risk score derived from these five genes in another data-
base, a GEO dataset with prognostic data, GSE14520, was 
used. Patients were classified into low- and high-risk sub-
groups based on the expression of risk-related genes. 
Kaplan–Meier results indicated that patients in the low- 
risk subgroup had notably increased survival (P<0.01, 
Supplementary Figure 5D). The risk signature in the clin-
ical samples was significantly associated with tumour 
stage (P<0.001) and patient survival state (P<0.05, 
Supplementary Figure 6A). The results of univariate ana-
lyses and multivariate analysis were consistent with the 
GSE14520 dataset (Supplementary Figure 6B and C, 
Supplementary Tables 4 and 5). The clinical HCC samples 
collected in Xinqiao Hospital were also classified into 
high- and low-risk categories. A significant difference in 
OS was noted between the high- and low-risk categories 
(P<0.01, Supplementary Figure 6D). These findings 
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Figure 4 Differential clinicopathological features and OS of patients with HCC in the Cluster 1 and 2 subgroups. (A) Consensus clustering CDF for k = 2 to 9. (B) Relative 
change in the area under CDF curve for k = 2 to 9. (C) Consensus clustering matrix for k = 2 and k = 3. (D) Principal component analysis of the total RNA expression 
profile in the TCGA dataset. (E) Heatmap and clinicopathological features of the two clusters defined by the consensus expression of m6A RNA methylation regulators. (F) 
Kaplan–Meier OS curves for patients with HCC in Cluster 1 and 2. 
Abbreviation: CDF, cumulative distribution function.
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validate that the risk signature based on m6A-related reg-
ulators independently predicted the clinical outcome in 
HCC patients.

We screened the enriched KEGG and GO pathways to 
identify correlation with the five genes we used to estab-
lish the risk signature (Figure 7). The expression of the 
five genes was closely related to diverse biological pro-
cesses, such as endothelial-to-haematopoietic transition, 
gamete generation, the developmental process, negative 
regulation of the Notch signalling pathway, multicellular 
organism development, and cellular response to DNA 
damage stimulus.

Discussion
RNA m6A modification, similar to DNA histone modifi-
cations, was first described in the 1970s, but it was not 
regarded as another meaningful epigenetic layer until 
recently. The spread and development of the 

epitranscriptome in the last decade facilitated scientific 
research on RNA epigenetic modification.7,24–27

The dynamic regulation of m6A modification is achieved 
via the functional collaboration between m6A “writers”, 
“readers” and “erasers”. M6A modification is critical for 
various cellular processes, including RNA splicing, cell pro-
liferation, embryonic development, stem cell renewal, neural 
development, protein translation, cell death, and stress 
responses. However, the genes participating in m6A dysre-
gulation are distinct in tumours, partially due to tissue speci-
ficity and tumour heterogeneity. The m6A-Seq and m6A/ 
MeRIP-seq methods are used for the direct detection of 
m6A, but both of these techniques are somewhat compli-
cated. Therefore, some studies used an indirect approach to 
examine alterations in m6A regulatory genes and evaluate 
the relevance between m6A status and human diseases.5,13,28 

Recent papers also examined the role of m6A-regulated 
regulators in HCC prognosis.16–19 However, the present 
study systematically analysed the prognostic value and 
expression profile of m6A regulators in HCC from the 
TCGA database and validated the results in the GEO data-
base and clinical surgical samples.

The present study used data downloaded from TCGA, 
GEO datasets and clinical surgical samples collected in 
Xinqiao Hospital Chongqing to comprehensively analyse 
the expression levels of 13 m6A-related regulators in HCC. 
Eight m6A were significantly upregulated in HCC in all 
datasets. Analyses of the online databases showed that the 
expression of five m6A-related regulators (METTL3, 
YTHDF1, YTHDC1, YTHDF2 and RBM15) gradually 
increased with tumour progression from stage I to III. This 
result was verified by immunohistochemical staining of par-
affin sections of HCC tissue. Notably, the expression of these 
five m6A-related regulators decreased in stage IV in the 
TCGA database and immunohistochemical staining results. 
We posit the following hypotheses to explain these results. 
First, the number of HCC samples in stage IV was too small: 
there were 5 stage IV patients in the 374 samples from 
TCGA; and only one of the 60 clinical HCC tissue samples 
was in stage IV, which may have introduced bias in the 
statistical results. It is difficult for researchers to obtain 
clinical HCC samples of stage IV because the patients’ con-
ditions are not suitable for surgical treatment. Second, 
patients in stage IV may have totally disordered immune 
functions and epigenetic regulations that are completely dif-
ferent from, or even opposite to, the early and middle stages 
of the disease. M6A RNA methylation may also contribute to 
tumour immunity.29 Third, necrosis of the tumour is often 

Table 2 Clinicopathological Features of Cluster 1 and 2

Cluster 1 Cluster 2 P value

Total 160 75

Age 0.2399
≤65 108 57

>65 52 18

Gender 0.0074a

Male 119 42
Female 41 33

Grade 0.01653a

G1 23 6

G2 78 25

G3 54 39
G4 5 5

TNM staging 0.1785
I 84 29

II 32 18
III 40 27

IV 4 1

AFP <0.001a

≤300 111 28

>300 22 23
NA 27 24

Survival condition 0.0232a

Dead 43 32

Alive 117 43

Note: aStatistically significant. 
Abbreviation: NA, not available.
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Figure 5 Risk signature with five selected m6A RNA methylation regulators. (A and B) Process of building the signature with five m6A RNA methylation regulators. HR and 
95% CI calculated by univariate Cox regression and coefficients calculated by multivariate Cox regression using LASSO. (C) OS curves for patients in the TCGA dataset 
assigned to high- and low-risk groups based on the risk score. (D) Receiver operating characteristic curves showing the predictive efficiency of the risk signature. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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observed in stage IV tissues. Epigenetic regulation may also 
be different between the necrotic tissue, the surrounding 
tissues, and tissue that is far removed from the necrotic tissue. 
The aetiology of HCC includes HBV, HCV, and alcohol 
consumption. Data from the TCGA database allowed us to 
perform an analysis of the expression of m6A methylation 
regulators in HCC with different aetiologies (data not 
shown). YTHDF1 expression was notably increased in 
patients with hepatitis (HBV/HCV) compared to patients 
without hepatitis. This finding may be related to liver immu-
nology because YTHDF1 controls antigen presentation by 
dendritic cells (DCs). YTHDF1 in DCs suppresses the cross- 
presentation of tumour antigens to CD8+ T cells by inhibiting 
the translation of lysosomal cathepsins.29 For patients with 
alcohol consumption, 1 m6A methylation regulator (FTO) 
was expressed differently, but the remaining 12 regulators 

showed no significant difference. The expression of FTO in 
patients with alcohol consumption was significantly lower in 
HCC than patients without alcohol consumption. FTO 
increases the expression of lipid metabolism genes (FASN, 
SCD1, MGAT1) but decreases the expression of lipid trans-
port genes (MTTP, APOB, LIPC), which results in lipid 
accumulation.29 Alcoholism alters hepatic metabolism and 
leads to lipid accumulation and hepatitis. The underlying 
reason for the consistency requires further studies using 
more adequate and accurate clinical data. Therefore, we 
will continue to collect clinical HCC samples, and their 
epitranscriptomic information should be collected carefully 
and thoroughly to fully evaluate the underlying mechanism 
and dynamic alterations in RNA modifications during liver 
disease progression. Survival analyses revealed that patients 
with HCC with high expression levels of KIAA1429, 

B

A

C

Figure 6 Prognostic value of m6A RNA methylation regulators in HCC from TCGA database. (A) The heatmap shows the expression of the five m6A RNA methylation 
regulators in low- and high-risk groups. The distribution of clinicopathological features was compared between these two groups. (B and C) Univariate and multivariate Cox 
regression analyses of the association between clinicopathological factors (including the risk score) and OS of patients with HCC. 
Notes: *P < 0.05, **P < 0.01, ***P < 0.001.
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METTL3, WTAP, YTHDF1, or YTHDF2 (three “writers” 
and two “readers”) showed poorer OS. These results suggest 
that m6A RNA methylation regulators are notably related to 
the malignancy and prognosis of HCC, which was further 
confirmed in subsequent qRT-PCR assays in HCC clinical 
surgical specimens. Consensus clustering classified two 
HCC clusters. Both of these subgroups distinctly influenced 
tumour prognosis and clinicopathological characteristics. 
Cluster 1 was significantly correlated with lower AFP levels, 
male sex, lower tumour grade, and better outcomes. 
Consensus clustering was based on systematic analysis of 
the expression of 13 m6A-related genes in HCC and further 
demonstrated that the analysis of m6A-related regulators is 
valuable for clinical and scientific research. The molecular 
classification of liver cancer received increasing attention 
from researchers worldwide, and this research may provide 
a new perspective for the molecular classification of liver 
cancer.

Whether m6A-related regulators are valuable prog-
nostic biomarkers with clinical significance is a mean-
ingful research hotspot for future studies.30 Our HCC 
prognostic signature derived from the five m6A-related 

regulators had clinical significance in the prognostic 
value of HCC stage and grade, AFP levels and T of 
the TNM system.

The primary m6A-related regulators consist of 13 
genes, including “writers,” “erasers,” and “readers.” 
Among the “writers,” METTL3 is highly conserved in 
eukaryotes and acts as a cancer suppressor gene in glio-
blastoma and colorectal cancer, but it is an oncogene in 
acute myelocytic leukaemia, gastric cancer, and HCC. 
METTL3 and METTL14 are key components of the 
m6A methyltransferase complex,31,32 in which they coop-
erate to form a heterocomplex that substantially enhances 
methylation efficiency.31,33,34 These molecules were mark-
edly overexpressed in HCC, and their expression posi-
tively correlated to each other (Supplementary Figure 7). 
However, a recent study demonstrated that METTL14 
acted as a tumour suppressor in HCC and suppressed 
tumour metastasis by interacting with DGCR8 and posi-
tively regulating miR-126 in an m6A-dependent manner.14 

Therefore, further in-depth studies are warranted to com-
prehensively examine the complicated role of these two 
m6A writers in HCC.

Table 3 Univariate Analysis for Survival Analysis

Variables Univariate Analysis

HR HR95%L HR95%H P value

Age 1.005030477 0.986257491 1.024160799 0.601959342

Gender 0.861530609 0.522363069 1.420917813 0.559329001
Grade 0.992357272 0.720338424 1.367097634 0.962563007

Stage 1.978750381 1.525985763 2.565851637 2.63E-07a

T 1.891563567 1.486099139 2.407654129 2.24E-07a

M 3.893338983 1.215901485 12.46654324 0.022068418a

N 2.038552555 0.496683822 8.366885198 0.322851809

Risk score 1.217062776 1.14203598 1.297018506 1.44E-09a

Note: aStatistically significant. 
Abbreviations: HR, hazard ratio; CI, confidence interval.

Table 4 Multivariate Analysis for Survival Analysis

Variables Multivariate Analysis

HR HR95%L HR95%H P value

Stage 1.9305935 0.886862714 4.202669932 0.097428495

T 0.93246355 0.453110038 1.918934033 0.849386391
M 1.654937816 0.445814623 6.143403634 0.451581999

Risk score 1.187701618 1.112674786 1.267787454 2.38E-07a

Note: aStatistically significant. 
Abbreviations: HR, hazard ratio; CI, confidence interval.
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Figure 7 Gene set enrichment analysis for five m6A RNA methylation regulators used in risk signature building. (A) GO terms of biological processes and (B) KEGG 
pathway analysis.
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METTL3 knockout remarkably suppressed HCC carcino-
genesis in a manner dependent on YTHDF2, which suggests 
the efficient cooperation of m6A-related regulatory genes.35 

Proteins that contain the YTH domain have a conserved m6A- 
binding domain and are direct “readers” of m6A. Different 
“readers” have different functions.32 For example, YTHDC1 
and YTHDC2 are located in the nucleus, and YTHDF1 and 
YTHDF2 are located in the cytoplasm.34,35 YTHDC1 binds to 
m6A and recruits alternative splicing factors to affect target 
mRNA splicing.36 YTHDF2 destabilizes alternative m6A- 
containing RNA via direct recruitment of the CCR4-NOT 
deadenylase complex.37 YTHDF2 also acts as an oncogene 
in pancreatic cancer by orchestrating the epithelial-to- 
mesenchymal transition and tumour cell proliferation.38 

Notably, we found that all five readers were overexpressed in 
HCC compared to normal tissues, which indicates a common 
activation in HCC. YTHDF1 and YTHDF2 had significant 
prognostic value for clinical outcomes (eg, OS) in patients 
with HCC. Further investigations are needed to completely 
and systematically address their role in HCC.

ALKBH5 and FTO are “erasers” that act as oncogenes 
in several types of cancers, including glioma, breast cancer 
and acute myelocytic leukaemia.11,39,40 We noted that 
ALKBH5 and FTO were overexpressed in HCC. 
However, these molecules were not independent valuable 
prognostic factors for HCC. Correlation analysis showed a 
close association between these two “erasers” and other 
m6A-related regulators, particularly FTO (Supplementary 
Figure 7), which suggests that these factors work in colla-
boration with other factors to regulate m6A RNA methy-
lation. These findings collectively suggest that the 
dysregulation of m6A-related regulators correlates with 
dysregulated RNAs in cancer. The same m6A-related reg-
ulator may have entirely different features and functions in 
diverse types of cancer due to tumour heterogeneity.

The results also suggested a correlation between m6A- 
related regulators and the pathophysiological function and 
related signal routing of HCC progression. M6A-related 
regulators are involved in many important biological func-
tions, including self-renewal and pluripotent regulation of 
stem cells, such as the directional differentiation of hae-
matopoietic stem cells,12,41 the various processes of RNA 
processing and metabolism,42 DNA damage response,43 

biorhythm, and early embryonic development in mice. 
Our findings demonstrated that m6A-related regulators 
were closely correlated with biological processes, such as 
endothelial-to-haematopoietic transition, gamete genera-
tion, regulation of haematopoietic stem cell differentiation, 

developmental process, negative regulation of the Notch 
signalling pathway, multicellular organism development, 
and regulation of primary metabolic process.

In conclusion, the present study comprehensively demon-
strated the expression profile and prognostic value of 13 
primary m6A-related regulators in HCC. Their expression 
was closely related to HCC malignancy, and some regulators 
also had potential prognostic value. These findings are mean-
ingful for the development of novel therapeutic strategies 
directed toward the expression profile of m6A-related regula-
tors in HCC. Agents targeting m6A RNA methylation are one 
potential approach for tumour therapy.
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