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Background: Hepatocellular carcinoma (HCC) is a common primary malignant tumor and cause of
cancer-related death in humans. Increasing evidence indicates that an imbalance in N6-methyladenosine
(m6A) methylation is strongly linked to the occurrence and development of cancer. We used comprehensive
bioinformatics to establish a potential prognostic model of HCC based on m6A methylation-related genes.
And case analyses were used to verify the results.

Methods: The clinical data and gene expressions were obtained from The Cancer Genome Atlas
(TCGA) and International Cancer Genome Consortium (ICGC) databases. The prognostic value of m6A
methylation-related genes in HCC patients and their relationship with the immune microenvironment
were explored by comprehensive bioinformatics analyses. We also collected pathological specimens from
70 patients with HCC from the Department of Pathology, Affiliated Hospital of Qingdao University,
and performed immunohistochemical staining on the specimens. We compared tumor specimens from
27 patients positive for METTL3, YTHDF?2, and ZC3H]I3 staining with their adjacent normal tissues and
against 27 patient specimens negative for METTL3, YTHDF?2, and ZC3H]I13. The influence of METTL3,
YTHDEF2, and ZC3H]I3 on survival was analyzed, and the prognostic model for METTL3, YTHDF2, and
ZC3H13 in HCC was verified by clinical data.

Results: Most m6A methylation-related genes showed significantly different expressions between cancer
and normal tissues. Three candidate m6A methylation-related genes (YTHDF2, METTL3, and ZC3HI3)
were significantly correlated with the overall survival (OS) of HCC patients. A Kaplan-Meier survival
analysis indicated a worse prognosis of high-risk patients than that of low-risk patients. Immunological
analysis showed that the high-risk group was more likely to have higher follicular helper T cell counts and
lower resting memory CD4 T cell counts. The expression of YTHDF2, METTL3, and ZC3H13 was validated
by other databases, including the Oncomine database, the Human Protein Atlas (HPA), and the Kaplan-
Meier plotter.

Conclusions: Our prognostic model based on m6A methylation-related genes effectively predicted the
prognosis of HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common
cancers in Asia and a common cause of cancer-related
death in humans (1). It is estimated that in 2018, there were
approximately 42,220 new cases of liver and intrahepatic bile
duct cancers and 30,200 deaths in America (2). Moreover,
the overall 1- and 3-year survival rates of HCC patients are
only 36% and 17%, respectively (3). Although significant
progress has been made in HCC therapy in recent years,
such as surgical resection, systemic therapy, radiofrequency
ablation, and liver transplantation, HCC patients’ prognoses
remain poor (4). Also, due to individual differences, HCC
patients with the same tumor stage or other similarities
in clinicopathological characteristics may have different
prognoses. Hence, developing new biomarkers to precisely
predict the prognosis of HCC patients is vital because HCC
is a heterogeneous disease with a dismal prognosis. With
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® The m6A methylation-related genes could potential be high-risk
independent prognostic factors, including YTHDF2, METTL3, and
ZC3H13, providing a theoretical basis for the prognosis evaluation
of patients with HCC.
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the rapid development of gene sequencing technology,
multivariable prediction models have been suggested for
potential biomarkers associated with HCC progression.
However, the study of these multiple biomarker models is
limited (5).

N6-methyladenosine (m6A) methylation is the most
common RNA modification in human cells (5). Extensive
research has shown that m6A methylation regulates cellular
processes, including cell self-renewal, differentiation,
invasion, and apoptosis, by modulating gene expression (5).
Modulators of m6A methylation play a significant and
pleiotropic role in the regulation of HCC. But now the
studies about prognostic function of m6A genes on HCC
were explored only based on bioinformatics analysis (6,7).
The accurate role of m6A methylation in the tumorigenesis
and progress of HCC is still not well defined neither verified
by clinical cases. Messenger RNA (mRNA) and non-coding
RNA (ncRNA) are involved in m6A-mediated biological
processes in HCC (7). Some studies found that the most
common m6A-driven regulatory functions in HCC are
mRNA stability and degradation (6,7). Moreover, ncRNAs
can be regulated by the m6A modification in various ways,
including preprocessing, splicing, decay, and stability; thus,
ncRNAs affect and participate in the m6A process of HCC (7).
According to existing literature, m6A modification regulators
include “writers”, which are methyltransferases that are
mainly responsible for transferring the methyl group to the
N6 position; “readers”, which are RNA-binding proteins
that regulate RNA functions by recognizing specific m6A-
modified positions; and “erasers”, which are demethylases
that remove the methyl group (8,9). The m6A methylation-
related genes, including “writer” genes (RBM15/15B,
METTL3, METTLI14, WTAP VIRMA, and ZC3H]I3),
“reader” genes (IGF2BP1/2/3, YTHDC1/2, YTHDF1/2/3,
HNRNP, and elF3), and “eraser” genes (ALKBH3, ALKBHS,
and FT0), interact to ensure that the dynamic and reversible
balance of m6A methylation is cooperatively maintained (10).

Upon consulting the literature, we found some previous
mo6A methylation research in HCC. For example, METTL3
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has been found to be related to the poor prognosis of HCC
patients (11). It promotes the proliferation, migration,
and colony formation of HCC cells via posttranscriptional
silencing of SOCS2, which depends on YTHDF2 (11). In
addition, METTLI4 is a reader that plays a beneficial role in
HCC by regulating m6A-dependent miRNA processing (12).
MiR-145 downregulates YTHDF2 by targeting the
3'-untranslated region (3'-UTR). In summary, the
upregulation of METTL3 or downregulation of METLI14
can predict poor prognosis for HCC patients and lead to
HCC progression and metastasis (12). METTL3 inhibits
the expression of SOCS2 in HCC via the miR-145/m6A/
YTHDF? axis (11). These studies provide a new dimension
for investigating epigenetic changes in liver cancer. To explore
the prognostic model of effectively predicted the prognosis
of HCC patients based on m6A methylation-related genes,
in this study, we conducted extensive analyses based on The
Cancer Genome Atlas (TCGA) and International Cancer
Genome Consortium (ICGC) databases. We used consensus
clustering analysis, least absolute shrinkage and selection
operator (LASSO) regression, and Cox regression analyses
to develop m6A methylation-related gene signatures. Finally,
using comprehensive bioinformatics analyses, we developed
a novel prognostic model based on m6A modifications as an
independent risk factor predicting HCC prognosis, which we
preliminarily verified with clinical cases to provide potential
therapeutic targets for HCC. We present the following article
in accordance with the TRIPOD reporting checklist (available
at https://atm.amegroups.com/article/view/10.21037/atm-
22-5964/rc).

Methods
Data download and processing

The potential m6A methylation-related genes, including
KIAA1429, METTLI14, RBM15, METTL3, WTAP,
ZC3HI13, HNRNPC, YTHDCI, YTHDC2, YTHDFI,
YTHDF2, ALKBHS, and FTO were obtained. The HCC
RNA-seq transcriptome and clinical data were obtained
from the TCGA database. Patients with incomplete survival
time, survival status, or clinicopathological characteristics
were excluded. The ICGC cohort was used to validate the
prognostic model.

Consensus clustering analysis
The HCC patients were clustered into different subgroups

by consensus expression of m6A methylation-related genes
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with the “Consensus Cluster Plus” R package (13). The
accuracy of the clustering results was verified by principal
component analysis (PCA). A Kaplan-Meier analysis
was used to calculate the overall survival (OS) difference
between clusters. The Wilcoxon rank-sum test or the
Kruskal-Wallis test was used to analyze the differences in
baseline characteristics, such as age, gender, grade, and
stage between clusters.

Construction and validation of the prognostic model

We used a univariate Cox regression analysis to identify the
prognostic m6A methylation-related genes. We performed
a LASSO regression analysis, a machine learning algorithm,
to eliminate over-fitting (14). All the m6A methylation-
related genes identified as independent prognostic factors
of OS were then screened by multivariate Cox regression
analysis, and their regression coefficients were calculated.

Risk scores were conducted by multivariable fractional
polynomials (MFPs) (14). The calculation was conducted
as follows: risk score=2" vixci (where v; is the gene
expression and ¢, is the regression coefficient). Based on the
median risk score, HCC patients were divided into high-
and low-risk groups. A Kaplan-Meier survival curve was
used to compare OS between the two risk subgroups. In
addition, the prognostic model’s accuracy was analyzed by a
receiver operating characteristic (ROC) curve.

"To further ensure the stability of the prognostic model,
we calculated the risk score of HCC patients in the ICGC
cohort. A Kaplan-Meier survival curve and survival ROC
curve were developed to show the predictive ability of the
prognostic model in the validation cohort. In the meantime,
an independent prognostic analysis was performed to
predict whether the prognostic model could be used as an
independent factor for HCC prognosis.

Tumor immune microenvironment evaluation

The tumor microenvironment (TME) scores and the
fraction of 21 types of immune cells were obtained from
CIBERSORT in R software and were used to further
explore the tumor immune microenvironment differences
among different subgroups of the prognostic model. A P
value <0.05 was defined as statistically significant (15).

m6A methylation-related gene validation by other databases

To explore whether the expression of m6A methylation-
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Table 1 Clinical data of HCC patients in the TCGA and ICGC
cohorts (17)

Clinical characteristics TCGA cohorts ICGC cohorts
(n=273) (n=260)

Total cases
Survival status, n (%)

Alive 186 (68.1) 214 (82.3)

Dead 87 (31.9) 46 (17.7)
Age (years), n (%)

<65 174 (63.7) 91 (35.0)

>65 99 (36.3) 169 (65.0)
Gender, n (%)

Male 186 (38.1) 192 (73.8)

Female 87 (31.9) 68 (26.2)
Tumor stage, n (%)

[+ 196 (71.8) 157 (60.4)

I+ v 77 (28.2) 103 (39.6)
Metastasis stage, n (%)

MO 269 (98.5) -

M1 4(1.5) -

HCC, hepatocellular carcinoma; TCGA, The Cancer Genome
Atlas; ICGC, International Cancer Genome Consortium.

related genes was different between HCC and other liver
cancers, we analyzed several databases, including Oncomine,
the Human Protein Atlas (HPA), and the Kaplan-Meier
plotter online tool (16). The gene and protein expressions
of the m6A methylation-related genes in HCC tissues and
liver tissues were obtained from the Oncomine database and
the HPA. The prognostic value of m6A methylation-related
genes in HCC was verified by the Kaplan-Meier plotter
online tool.

Clinical sample validation

To verify the conclusions drawn by the above analysis, we
collected pathological specimens from patients from the
Department of Pathology, Affiliated Hospital of Qingdao
University, who had undergone liver cancer surgery (the
samples had previously been analyzed and diagnosed as
HCC by the Department of Pathology). Specimens from
2015 to 2020 were analyzed by immunohistochemical
staining. The study was approved by the Institutional
Review Board of the Affiliated Hospital of Qingdao
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University Ethics Committee for Clinical Investigation (No.
QYFYKYLIL471311920), and conducted in accordance with
the Declaration of Helsinki (as revised in 2013) and good
clinical practice. All patients in our study had undergone
liver surgery without comprehensive systemic treatment
due to complex and heterogeneous reasons. And all of them
signed informed consent of this study.

Statistical analysis

All bioinformatics analysis were performed by Perl language
and R software 3.6.1. Univariate and multivariate Cox
regression, LASSO regression, ROC curve, and Kaplan-
Meier survival analyses were performed by R software and
corresponding R packages. For all comparisons, a statistically
significant difference was defined as a P value <0.05.

The clinical sample size was calculated using PASS
software version 15.0 to obtain a 90% confidence level
and 90% study power. In the randomized cohorts, we
enrolled 54 evaluable patients, 27 of whom were positive for
METTL3, YTHDF2, and ZC3H]13 staining and compared
their samples with the adjacent normal tissues, and 27
patients negative for METTL3, YTHDF2, and ZC3H13. All
patients who survived approximately 6 months or longer
would provide 90% power to detect a doubling of the
median progression-free survival (PFS) of more than 4.0
months at a two-sided a significance level of 0.05.

The Kaplan-Meier method was used to analyze the
survival analysis of PFS and OS, and the differences
between groups was evaluated by the log-rank test. The
hazard ratios (HRs) were calculated by Cox proportional
hazards model with 95% as their corresponding confidence
intervals (CIs). For all evaluations, the P value of 0.05
was used to indicate statistical significance. The SPSS 20
software (IBM Corp., Armonk, NY, USA) and Graph Pad
Prism 9 (Graph Pad Software, Inc., San Diego, CA, USA)
were used to analyze all the results. All experiments were
replicated three times. P<0.05 was considered a statistically
significant difference.

Results
Clinical data of HCC patients
A total of 273 HCC patients were included in the TCGA

cohort, comprising 186 males and 87 females from 2001 to
2020. There were 260 patients in the ICGC cohort, comprising
192 males and 68 females from 2001 to 2020 (Table 1) (17).
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Figure 1 Figure 1 Differentially expressed m6A methylation-related genes in HCC and normal tissues. (A) The heatmap of differentially

expressed m6A methylation-related genes. (B) The expression patterns of differentially expressed m6A methylation-related genes in HCC

and normal tissues. Red, tumor tissues; Blue, normal tissues. (C) The correlations among m6A methylation-related genes. ***

, means

significant difference P<0.001. N, normal tissues; T, tumor tissues; HCC, hepatocellular carcinoma; m6A, N6-methyladenosine.

Differentially expressed m6A methylation-related genes

We visualized the differential expression of m6A
methylation-related genes between tumor tissues and
normal tissues with a heatmap. The expression of RBM1I5,
YTHDC1, KIAA1429, YTHDC2, ALKBHS, HNRNPC,
METTL3, YTHDF2, FTO, WTAP, and YTHDFI was
significantly higher in tumor samples than in normal tissues
(Figure 14). Additionally, the expression pattern of the
differentially expressed m6A methylation-related genes
was visualized by volcano plots and box plots (Figure 1B).
Among all the interactions of m6A methylation-related

© Annals of Translational Medicine. All rights reserved.

genes, Pearson correlation analysis showed that METTL3
was most associated with HNRNPC (r=0.72) (Figure 1C).

Consensus clustering of m6A methylation-related genes

"To gain much more insight into the molecular heterogeneity
of HCC and explore whether m6A methylation-related
genes presented discernable patterns in HCC, we performed
an unsupervised consensus analysis of all samples. The
result of k=2 seemed to be more accurate, stratifying the

samples into two subgroups with less correlation between
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Figure 2 Tumor classification and verification based on m6A methylation-related genes. (A) The HCC patients divided into two distinct

clusters, k=2. (B) The consensus clustering CDF for k=2-9. (C) The
based on the m6A methylation-related genes. (E) The Kaplan-Meier

relative change in area under the CDF curve for k=2-9. (D) The PCA
survival analysis of OS in different subgroups. (F) The heatmap of m6A

methylation-related gene expressions and clinicopathological features between different subgroups. *, P<0.05; **, P<0.01. PCA, principal

component analysis; CDEF, cumulative distribution function; N, node

HCC, hepatocellular carcinoma; OS, overall survival.

them (Figure 2A4-2C). Then, we performed a PCA to show
the effect of the stratification on the transcriptional profile
between cluster 1 and cluster 2 (Figure 2D). The 5-year OS
of cluster 1 was significantly longer than that of cluster 2
(P<0.001) (Figure 2E). Then, the associations between the
clusters and clinicopathological features were evaluated.
Significant differences were found in features between
cluster 1 and cluster 2, including grade (P<0.05), sex
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stage; M, metastasis stage; T, tumor stage; m6A, N6-methyladenosine;

(P<0.005), and survival (P<0.05) (Figure 2F).

Construction and validation of the prognostic model

To explore the prognostic value of m6A methylation-
related genes in HCC, we first performed a univariate
Cox regression analysis to identify OS-associated genes
(Figure 34). Then, we performed LASSO regression and
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Figure 3 The univariate Cox regression and LASSO regression analyses for screening m6A methylation-related genes used in the

construction of the prognostic model. (A) The univariate Cox regression analysis of m6A methylation-related genes significantly associated

with survival. (B) The screening of the optimal parameter (lambda) at which the vertical lines were drawn. (C) The LASSO coefficient

profiles of the five m6A methylation-related genes with non-zero coefficients determined by the optimal lambda. LASSO, least absolute

shrinkage and selection operator; m6A, N6-methyladenosine.

Table 2 Three candidate m6A methylation-related genes

Gene Coef HR HR.95L HR.95H P value
YTHDF2 0.094697968 1.099326773 1.050486621 1.150437645 4.42E-05
METTL3 0.195865822 1.216363685 1.081123362 1.368521544 0.00112586
ZC3H13 0.16638959 0.846716298 0.765465428 0.9365916 0.001226368

m6A, N6-methyladenosine; coef, coefficient; HR, hazard ratio; HR.95L, hazard ratio with low 95% confidence index; HR.95H, hazard ratio

with high 95% confidence index.

multivariate Cox regression analyses to establish an optimal
multigene prognostic model for OS, which resulted in the
identification of three genes: YTHDF2, METTL3, and
ZC3H13 (1able 2, Figure 3B,3C). Our model for predicting

© Annals of Translational Medicine. All rights reserved.

prognosis based on these three m6A methylation-related
genes used the following formula: risk score = (YTHDF2
expression x 0.094698) + (METTL3 expression x 0.195866)
+ (ZC3H]13 expression x -0.16639).
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Figure 4 The prognostic model for HCC patients. (A) The Kaplan-Meier curve for the prognostic model in the TCGA cohort. (B) The
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HCC patients were divided into low- and high-risk
groups based on the median value of the risk score. The
low-risk group had a higher survival rate than the high-
risk group (HR, 1.547; 95% CI, 1.320-1.812; P<0.001)
according to the Kaplan-Meier survival curves (Figure 4A).
In addition, we assessed the accuracy of the OS-related
prognostic model by constructing a ROC curve, and the
AUC of the risk score was significantly higher than that of
other clinicopathological parameters (Figure 4B). Finally, we
ranked the HCC patients by risk score to analyze the survival
distribution. As the risk score increased, the mortality rate of
HCC patients also increased (Figure 4C,4D).

We also calculated the risk score of the ICGC cohort
patients (Liver Cancer-RIKEN, Japan) to validate the
formula externally. Similar to the TCGA cohort, the Kaplan-
Meier survival curves and the ROC curve showed that the
low-risk group had a higher survival rate than the high-
risk group, and the risk score had a good ability to predict

© Annals of Translational Medicine. All rights reserved.

the prognosis of HCC patients (P<0.001) (Figure 4E,4F).
Meanwhile, as the risk score increased, the mortality rate
of HCC patients also increased (Figure 4G,4H). Therefore,
these results revealed that the prognostic signature for OS
described here could effectively identify high-risk HCC
patients with relatively worse OS.

The relationships between the prognostic model and
immune function

According to the univariate and multivariate Cox regression
analysis results (P<0.001), our model can be used as a
prognostic factor for HCC (Figure 5A,5B). Thus, we
evaluated the association of the prognostic model and
tumor-infiltrating immune cells in the HCC immune
microenvironment using the CIBERSORT algorithm.
The CIBERSORT results showed that the populations of

22 types of immune cells differed between the two
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Figure 5 The independent prognostic analysis of the prognostic
model. (A) Univariate factor independent prognostic analysis. (B)
Multivariate factor independent prognostic analysis. T, tumor

stage; M, metastasis stage; N, node stage.

subgroups (Figure 64,6B). Moreover, there were more
follicular helper T cells in the high-risk group (P=0.016),
while there were fewer resting memory CD4 T cells in the
low-risk group (P=0.014) (Figure 6C).

Expression of m6A methylation-related genes in samples
from other databases

We analyzed the gene expression levels of YTHDF2,
METTL3, and ZC3H]I3 in samples from different databases,
including the Oncomine and HPA databases and the
Kaplan-Meier plotter online tool. The expression levels of
YTHDF2 and METTL3 in HCC were higher than those in
other liver cancers in two Wurmbach Liver studies (222430_
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s_at, P=0.002; 209265_s_at, P=1.37¢-05) (Figure 74,7B).
The expression level of ZC3H13 showed no prognostic
value in the Oncomine dataset. Moreover, we verified the
histological levels of YTHDF2, METTL3, and ZC3HI13
expressions in samples from the HPA database. The results
showed that the expression of YTHDF2 and ZC3HI3
were upregulated in HCC tissues compared to normal
tissues (Figure 7C,7D). The histological level of METTL3
was not detected in samples from the HPA database. The
prognostic value of YTHDF2, METTL3, and ZC3HI13 was
evaluated with the Kaplan-Meier plotter online tool. We
found that a high expression of YTHDF2 (HR, 1.52; 95%
CI, 1.07-2.15; log-rank P=0.017) and METTL3 (HR, 1.77;
95% CI, 1.21-2.60; predicted poor survival, while a high
expression of ZC3H13 (HR, 0.43; 95% CI, 0.26-0.69; log-
rank P=0.00033) had a higher survival (Figure 7E-7G).
These results show that YTHDF2, METTL3, and ZC3HI13
are highly expressed in HCC tissues and closely related to
OS in HCC patients.

Clinical sample validation

"To verify the conclusions drawn by the above analysis, we
collected pathological specimens from 70 patients from the
Department of Pathology, Affiliated Hospital of Qingdao
University who had undergone liver cancer surgery (the
samples had been previously analyzed and diagnosed as
HCC by the Department of Pathology), and the specimens
were analyzed using immunohistochemical staining. The
patients were aged 18—65, with an average age of 47.
Among them, 24 were female, and 46 were male. None had
hepatitis B. Among the 70 HCC specimens that underwent
immunohistochemical staining, the cancer tissues were all
positive for METTL3, YTHDF2, and ZC3HI13 compared
with the adjacent tissues, as shown in Figure 8$4-8C. Among
them, in the METTL3-related immunohistochemical
staining, 39 specimens (about 56%) were strongly stained,
and 31 (about 44%) were weakly stained. In the YTHDF2-
related immunohistochemical staining, there were
42 specimens that were strongly stained (about 60%) and
28 (about 40%) with weak staining. In the ZC3H13-related
immunohistochemical staining, 43 specimens (about 61%)
had strong staining, and 27 (about 39%) had weak staining.
By collecting the clinical data of the patients, we conducted
a Kaplan-Meier survival analysis. The results showed
that patients with low METTL3 expression had a longer
survival time than patients with high METTL3 expression,
and patients with low YTHDF2 expression had a longer
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Figure 6 The comparison of the tumor immune microenvironment among different groups. (A) Twenty-two immune cells in the high-
risk group. (B) Twenty-two immune cells in the low-risk group. (C) The violin plot displays the differentially expressed tumor-infiltrating
immune cells in the high- and low-risk groups.
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Figure 7 The expression level of YTHDF2, METTL3, and ZC3H13 in the Oncomine database, the HPA, and the Kaplan-Meier plotter.
(A) The expression level of YTHDF2 in HCC and other liver cancers in the Oncomine database. (B) The expression level of METTL3 in
HCC and other liver cancers in the Oncomine database. (C) The immunohistochemistry results of YTHDF2 in HCC (x200) (hematoxylin-

eosin staining: medium; intensity: moderate; quantity: >75%; location: nuclear) and in normal tissues (x200) (hematoxylin-eosin staining:

not detected; intensity: weak; quantity: <25%; location: nuclear). (D) The immunohistochemistry results of ZC3H13 in HCC (x200)

(hematoxylin-eosin staining: medium; intensity: moderate; quantity: 75% to 25%; location: cytoplasmic/membranous) and in normal
tissues (x200) (hematoxylin-eosin staining: low; intensity: weak; quantity: 75% to 25%; location: cytoplasmic/membranous nuclear). (E)
The Kaplan-Meier plotter results of YTHDF?2. (F) The Kaplan-Meier plotter results of METTL3. (G) The Kaplan-Meier plotter results of

ZC3H13. HPA, Human Protein Atlas; HR, hazard ratio; HCC, hepatocellular carcinoma.
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survival time than patients with high YTHDF2 expression.
At the same time, patients with high ZC3H13 expression
lived longer than those with low ZC3H13 expression.
This result is consistent with the above bioinformatics
analysis conclusion, as shown in Figure §D-8F. Further
prospective study to verify the correlations between the
expressions of YITHDF2, METTL3, and ZC3H13 and
the clinicopathological characteristics of HCC has been
designed and added in the registered clinical trial (clinical
trial No. NCT'05292885).

Discussion

The HCC carcinogenesis involves an intricate regulatory
network. Compared to using a single clinicopathological
parameter or gene, combining diverse biomarkers and
establishing a prognostic model is a more effective way to
predict tumor prognosis. It is now well-established that
mo6A methylation plays a significant role in various types of
cancer. m6A methylation is ubiquitous in the occurrence
and development of cancer. A prognostic model based
on selected m6A methylation-related genes may be more
accurate and effective than a single clinicopathological
parameter.

Herein, we analyzed the relationship between m6A
methylation-related genes and the prognosis of HCC
patients. We obtained the expression patterns of m6A
methylation-related genes in samples from the TCGA
database. Moreover, we identified three m6A methylation-
related genes (YTHDF2, METTL3, ZC3H13) by
multivariate Cox regression analysis and used them to
construct the prognostic model. We verified the prognostic
model via the ICGC cohort, thus indicating that the model
could be used as an independent prognostic biomarker for
HCC patients.

Previous studies indicated m6A genes could regulate the
PD-L1 expression and immune infiltration in multiple solid
tumors (18-20). But in HCC the relationship between m6A
regulation and tumor immune microenvironment remains
ambiguous. A study of 18 m6A regulators (21) indicated
HCC patients with higher m6A scores associated with higher
PD-L1 expression. However, the patient with low m6A scores
might be benefit from immune checkpoint inhibitor therapy
according to clinical outcomes. May be the m6A regulation
group of the study mentioned above both associated the
PD-L1 expression and TME cell infiltration (21). Although
the results was still debated, it can be confirmed that m6A
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regulation is a potential biomarker for prognostic prediction
of immunotherapy for HCC. And the accurate prognostic
model should further explored. Herein, the CIBERSORT
results showed higher counts of follicular helper T cells in
the high-risk group, while the resting memory CD4 T cell
counts were higher in the low-risk group. Follicular helper
T cells, which are key regulators in the tumor immune
microenvironment, are a specialized type of T cell that helps
B cells and drives the response of germinal centers (22-24).
Recent evidence suggests that follicular helper T cells
participate in antitumor immune responses (25). However,
only a few studies have reported the relationship between
resting CD4 memory T cells and cancer immunotherapy.
According to these results high-risk patients identified by our
prognostic model may be sensitive to immunotherapy. And
our results indicated a novel insight to the relationship of the
mo6A regulation and the HCC immunotherapy.

YTHDF?2, the first functionally verified m6A reader,
promotes the degradation of m6A-modified mRNAs in
humans (26). A previous study has shown that YTHDF?2
destabilizes m6A-containing RNA via direct recruitment
of the CCR4-NOT deadenylase complex. And the CCR4-
NOT deadenylase complex is recruited to m6A-containing
RNAs through a direct interaction with the N-terminal
region of YTHDF2 (27). YTHDF?2 has a vast impact on
mRNA degradation in different tissues and cell types in
vertebrates (28). In addition, YTHDF2 may act as a tumor
suppressor to repress cell proliferation and growth by
destabilizing EGFR mRNA in HCC cells (29). Our results
further revealed that YTHDF2 might play an important role
in liver cancer development and could be used as a therapeutic
target for HCC patients. METTL3, a RNA methyltransferase,
has been implicated in mRNA decay, biogenesis, and
translation control through m6A modification (30).
Some studies have shown that METTL3-mediated m6A
modification is involved in regulating numerous genes
in various types of cancer (30-33). Moreover, one study
reported that crosstalk between METTL3 and miR-186
regulates hepatoblastoma progression through the Wnt/
B-catenin signaling pathway (34). Another study showed
that METTL3 promotes the progression of HCC via m6A-
mediated upregulation of microRNA-873-5p (35). Our
observations suggest that METTL3 abnormalities contribute
to an increased risk of developing HCC. ZC3H13, a
canonical CCCH zinc finger protein, plays an important role
in modulating RNA m6A methylation in the nucleus (36,37).
One report has stated that ZC3HI13 suppresses colorectal
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cancer proliferation and invasion by inactivating Ras-ERK
signaling (36). However, there are few studies about the
mechanism of ZC3H13 in cancer. Our findings suggest
that ZC3H13 is a promising diagnostic marker in HCC.
The HCC RNA-seq transcriptome and clinical data in our
study were all obtained from the TCGA database. All the
conclusion should be verified and other biomarkers should
be further studied by clinical trials. According to our study,
the YTHDF2, METTL3, and ZC3HI3 potential predict
the prognosis of HCC patients independently. And the
interactions of the three genes should be further explored.

In addition, we assessed the expression of the three
m6A methylation-related genes in samples from other
databases. YTHDF2, METTL3, and ZC3H13 were highly
expressed in HCC tissues and closely related to OS in
HCC patients. Based on existing reports, the mechanism of
YTHDF2, METTL3, and ZC3H]13 in HCC remains unclear.
Our study firstly used multiple databases to establish a
prognostic model related to YTHDF2, METTL3, and
ZC3H13 expression for the prognosis predicting of HCC,
which maybe provide novel treatment strategy for HCC.
However, our research still has certain limitations. Firstly,
it is a retrospective study, there may be biases concerning
the choice of variables. Second, the mechanisms of action
of the m6A methylation-related genes in HCC need to
be validated by in vive and in vitro experiments to confirm
our results. Third, all the samples were nonrepresentative,
and samples from clinical trials should be further studied.
Finally, our sample size was limited with few events per
predictor. And missing data may have also potentially
influenced the objectivity of the study.

Conclusions

In conclusion, our research systematically demonstrated that
the m6A methylation-related genes YTHDF2, METTLS3,
and ZC3H]I13 were significantly associated with the tumor
microenvironment and may have further potential to
effectively predict the prognosis of HCC patients.
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