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Abstract
Background: Hepatocellular carcinoma (HCC) is a tumor of the digestive system with high mortality. N6methyladenosine (m6A) is one of the most common forms of mRNA modification. Tumor neoantigens
play an important role in anti-tumor immune response and predict the clinical response of
immunotherapy. There are few studies on the relationship between m6A regulators and immune
infiltrating cells. The objective of this study was to determine the gene expression and prognostic value of
m6A regulators in hepatocellular carcinoma. Further, we explored the relationship between m6A
regulators and immune-infiltrating cells.
Methods: 13 m6A regulators expressions in 374 cancer tissues and 50 normal tissues were analyzed
using RNA-seq data and clinical information in the TCGA database. Survival package was used to
analyze the survival of patients in the two groups, and the corresponding clinical characteristics and gene
expression were analyzed using univariate and multivariate Cox regression. We evaluated the expression
of KIAA1429, YTHDF1, YTHDF2, and METTL3 in HCC and its correlation with TIICs using TIMER and
CIBERSORT.
Results: Most m6A regulators had higher expression levels in 374 cancer tissues. We confirmed two
groups of HCC patients using a consensus clustering method. The prognosis of the cluster 1 group was
poor compared with that of the cluster 2 group. The m6A regulators, KIAA1429, YTHDF1, YTHDF2, and
METTL3 are highly expressed in the high-risk group of HCC. Furthermore, it was found that four m6A
regulators (KIAA1429, YTHDF1, YTHDF2, and METTL3) are closely related to the clinicopathological
characteristics and poor prognostic marker of hepatocellular carcinoma. We analyzed the correlation
between KIAA1429, YTHDF1, YTHDF2, and METTL3 expression and the level of immune invasion of HCC.
Conclusion: KIAA1429, YTHDF1, YTHDF2, and METTL3 as m6A regulators may regulate the tumor
microenvironment through tumor immune infiltration cells to exert immune anti-tumor effects. KIAA1429,
YTHDF1, YTHDF2, and METTL3 as molecular markers providing a new target for therapy of HCC in the
further.

Introduction
Hepatocellular carcinoma (HCC) which the most common type of primary liver cancer is a tumor of the
digestive system with high mortality. The latest cancer statistics indicate that hepatocellular carcinoma is
the sixth most common cancer and the fourth leading cause of death from cancer worldwide. (1).
Unfortunately, most liver cancer patients diagnosed at an advanced stage are not candidates for surgery
treatment. Therefore, these patients display a dismal outcome. Novel drugs may improve the outcomes
of patients with HCC, especially those in advanced stages. Exploring the molecular mechanism of liver
cancer helps identify more potential therapeutic targets, providing more treatment options for HCC.
N6-methyl adenosine methylation (m6A), which occurs on mRNA and lncRNA (long chain noncoding
RNA), is an epigenetic modification of RNA molecules (2-3). Geneticists discovered this methylation of
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eukaryotic messenger RNA (mRNA) in the 1970s (3). The m6A mathylation process involves
methyltransferase complexes (writers), demethylases (erasers), and function managers (readers) (4).
Writer genes, including WTAP, RBM15, KIAA1429(also called VIRMA), METTL3, METTL14, ZC3H13,
mediate the methylation of RNA (5). Erasers mediate the process of RNA demethylation. FTO and
ALKBH5 are two types of m6A demethylase genes (6). Readers are in charge of "reading" information
about RNA modification and perform downstream RNA translation, degradation. Reader genes include
YTHDFs (YTHDF1, YTHDF2, YTHDF3), YTHDC1, YTHDC2 and HNRNPC (7). m6A methylation is involved
in the complex and delicate biological regulation of important functional genes in many cellular activities
(8-10). Evidence also shows that m6A methylation is controlled by the biological clock (11) and by sperm
production (12), embryo development (13), maintenance of pluripotency of embryonic stem cells (14), sex
determination of fruit flies(15), T cell homeostasis (16), heat shock response (17), and regulation of
cardiac contractile function (18). m6A modifications have been associated with multiple diseases, for
instance obesity (19), type 2 diabetes (20), neurological diseases (21), and tumors (22-30).
In this study, the 13 m6A regulators expression in 374 patients with HCC was systematically analyzed
using the Cancer Genome Atlas (TCGA) data set. Using bioinformatics and statistical analysis, this study
explored the potential application value of m6A regulators and its correlation with immune infiltration in
hepatocellular carcinoma.

Materials & Methods

Datasets
We downloaded the RNA-seq transcriptome data and clinical information of HCC patients using the TCGA
database (https:// cancergenome. nih. gov/).

Immune infiltrates analysis
TIMER is a tool for systematic analysis of immune infiltration of different cancer types
(https://cistroshinyapps.io/timer/) (31). We evaluated the expression of four m6A regulators in HCC and
its correlation with TIICs including B cells, CD 4 + T cells, CD 8 + T cells, neutrophils, dendritic cells, and
macrophages. We used CIBERSORT (https://cibersortx.stanford.edu/) to investigate the relationship
between high and low levels of the four m6A regulators in the tumor immune microenvironment of HCC.

Bioinformatic Analyses
We analyzed the 13 genes expression in 374 tumor tissues and 50 normal liver tissues using Limma
software package. Then, we used the vioplot software package to visualize 13 genes in 374 tumor
tissues and 50 normal liver tissues. Next, in this study, 50 normal tissue samples were extracted, 374
cancer tissues were grouped using the Consensus ClusterPlus package, and the grouping results were
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verified using Principal Component Analysis (PCA). Finally, we analyzed the survival of the two clusters
using the survival package. We used univariate and multivariate Cox regression to analyze the
corresponding clinical features and gene expression in the TCGA data set.

Statistical Analyses
The 13 m6A regulators expression in 374 HCC tissues and 50 normal liver tissues in the TCGA dataset
were contrasted using one-way ANOVA. The clinical characteristics of the primary liver cancer samples in
the TCGA dataset were compared using a t-test. Kaplan-Meier method was used for the bilateral
logarithmic rank test in overall survival analysis. All the statistical analyses in this study were
implemented by R v3.6.3, and P < 0.05 means the difference is statistically significant.

Results

Identification of m6A regulators in hepatocellular
carcinoma.
The 13 m6A regulators expression in the TCGA database is shown in Figure 1A and 1B. Except for
METTL14 and ZC3H13, the expression of the other 11 genes was strikingly different among tumor group
and normal group. The expression of ALKBH5 (p=0.001), WTAP (p<0.05), YTHDF1, YTHDF2, FTO,
HNRNPC, YTHDC1, YTHDC2, RBM15, KIAA1429, and METTL3 (P<0.001) in HCC tissues was upregulated
compared with normal liver tissues (Figure 1A, 1B). 13 m6A regulators expression were positively
correlated with each other (Figure 1C).

Consistent clustering of m6A regulators determined two
clusters
In this study, we used the Consensus Cluster Plus package to extract 50 normal liver tissues and 374 liver
cancer tissues. On the basis of the expression similarity of m6A regulators in the TCGA dataset, k = 2
seemed to have the smaller Cumulative distribution function (CDF) value (Figure 2 B, C). We divided the
patients into two groups (Figure 2A). Next, we used PCA to analyze the two clusters. The results showed
that cluster 1 and cluster 2 were distinct. (Figure 2D)

Correlation between consensus cluster classification and
clinical characteristics
We analyzed the OS curves of two groups of patients. Kaplan-Meier survival curve was used to analyze
OS rate of HCC patients between two clusters. In this study, we found that the OS of cluster 1 was striking
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shorter than cluster 2 (Figure 3A). Most m6A regulators were highly expressed in the cluster 2. Patients of
HCC in the cluster 1 had higher scores compared with the cluster 2. In this study, we investigated the
positive relationship of m6A regulator and the pathological characteristics such as age, gender, grade,
stage, TMN status of HCC. (Figure 3B)

Risk Signature and Poor prognosis of m6A Regulators
Univariate Cox regression analysis was used to the expression of the TCGA dataset. The results showed
that HNRNPC (HR= 1.024, 95% CI= 1.009–1.039), RBM15 (HR= 1.264, 95% CI = 1.031–1.548), WTAP (HR
= 1.086, 95% CI = 1.029–1.147), KIAA1429 (HR = 1.158, 95% CI = 1.070–1.253), YTHDF2 (HR = 1.117,
95% CI = 1.070–1.165), METTL3 (HR = 1.252, 95% CI = 1.128–1.390), YTHDC1 (HR = 1.091, 95% CI =
1.015–1.173) and YTHDF1 (HR = 1.080, 95% CI = 1.045–1.115) corresponded to lower survival rate in
patients. Instead, increased expression of ZC3H13 (HR = 0.907, 95% CI = 0.833–0.988) was associated
with a higher survival rate in patients (Figure 4A). The 13 genes in the TCGA dataset were analyzed using
the least absolute shrinkage and selection operator (LASSO) Cox regression algorithm. (Figure 4B, C). We
separated the patients into a low-risk group and a high-risk group. The results indicated that the high-risk
group of patients had poor survival (Figure 4D).

Correlation between prognostic risk score and
clinicopathological characteristics
We investigated the role of the five genes in the high and low-risk patients, and the pathological
characteristics including age, stage, TMN status of liver cancer (Figure 5A). Higher expression of
KIAA1429, YTHDF1, YTHDF2, and METTL3 and lower expression of ZC3H13 in hepatocellular carcinoma
(Figure 5A). Using the ROC curve, we predicted prognostic risk scores and 3-year survival rates in HCC
patients. The consequences showed that risk score predicted 3-year survival in patients (AUC = 0.619)
(Figure 5B). Univariate and multivariate Cox regression analysis confirmed that the risk score, stage, T
status were all related to OS (Figure 5C,D). The clinicopathological characteristics of primary liver cancer,
and KIAA1429, YTHDF1, YTHDF2, and METTL3 were risk factors for poor prognosis of liver cancer
patients.

Relationship between KIAA1429, YTHDF1, YTHDF2, and
METTL3 expression and tumor-infiltrating immune cells
Independent tumor-infiltrating lymphocytes play a pivotal role in predicting prognosis (32). This study
used TIMER to analyze the correlation between KIAA1429, YTHDF1, YTHDF2, and METTL3 expression
and the level of immune invasion of liver cancer. KIAA1429 expression was associated with B cells (pvalue = 1.39 × 10−7), CD 4 + T cells (p-value =4.20 ×10−7), Neutrophil (p-value = 2.46 × 10 −7), and
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Dendritic cells (p-value =1.85 × 10−7). YTHDF1 expression was associated with B cells (p-value =
2.70×10−11), CD 4 + T cells (p-value =5.11×10−16), Macrophage (p-value = 5.23×10 −21), Neutrophil(p-value
= 2.25×10 −18), and Dendritic cells(p-value =1.36 × 10−14). YTHDF2 expression was associated with CD 4 +
T cells (p-value =8.97 × 10−13), Macrophage (p-value = 7.23 × 10 −16), Neutrophil (p-value = 3.02 ×10 −21),
and Dendritic cells (p-value =6.71 × 10 −11). METTL3 expression was associated with B cells (p-value =
9.51×10−7), CD 4 + T cells (p-value =5.73 ×10−14), Macrophage (p-value = 1.25×10 −11), Neutrophil(p-value
= 8.70×10 −9),and Dendritic cells(p-value =6.21×10−9) (Figure 6A-6D). We further investigated whether
there is a difference in the tumor immune microenvironment between high and low levels of the four m6A
regulators in HCC. The CIBERSORT algorithm was applied to 22 immune cell subtypes to evaluate the
difference in their expression levels between the high expression group and the low expression group
(Figure 7A-7D). There was no significant difference in immune infiltrating cells between the KIAA1429
high expression group and the low expression group. Compared with the low expression group, the
neutrophils in the YTHDF1 high expression group increased (p-value=0.039), the neutrophils in the
YTHDF2 high expression group increased (p-value = 0.023), and the METTL3 memory B cells increased
(p-value=0.006). The results indicate that KIAA1429, YTHDF1, YTHDF2, and METTL3 may play a crucial
part in immune invasion of liver cancer.

Discussion
Globally, liver cancer is the sixth most frequent cancer and the fourth leading cause of cancer death. (1)
Surgery is the preferred treatment for patients with liver cancer at an early stage (33). More evidence
indicated that primary liver cancer is a multistep process including the complex interactions between
genetics, epigenetics, and transcriptional changes (34).
The m6A modification usually first causes the m6A methylation group to be written into the RNA through
coding genes called writers (35) and then eraser genes remove the m6A methylation group on the RNA,
thereby affecting the tumor biological process (30). Finally, the reader gene binds to the m6A site on the
RNA in the nucleus or cytoplasm to play a specific biological role (36,37). The expression level of m6A
gene and protein may a new target of molecular targeted therapy for primary liver cancer.
In this study, we investigated that there is a close relationship between the m6A regulators and
pathological characteristics of prime liver cancer. KIAA1429, YTHDF1, YTHDF2, and METTL3 were higher
expressed in a high-risk group of liver cancer. The risk score is an independent prognostic indicator, which
is related to the clinicopathological features of primary liver cancer.
As a downstream target of METTL3, cytokine signaling inhibitor 2 (SOCS2) is also a tumor suppressor.
Through the m6A-YTHDF2-dependent signal way, METTL3 reduced the stability of SOCS2 and promotes
the occurrence and development of HCC (38). METTL3, YTHDF2, and ZC3H13 were found to be
independent prognostic factors. In HCC, the expression of METTL3 is up-regulated through CNV and DNA
methylation mechanisms. METTL3 may be a biomarker for the prognosis of liver cancer (39). YTHDF1
expression is related to the pathological stage of patients with HCC. Patients with low expression of
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YTHDF1 related to higher survival rates (40). The decreased expression of METTL14 enhanced the ability
of metastasis in liver cancer cells, and the OS rate of liver cancer patients was lower. Increased METTL14
expression inhibited the ability of migration and invasion in vitro tumor cell (41). METTL14 may play a
role in the progression of HCC by regulating the m6A levels of CSAD, GOT2, and SOCS2(42). In this study,
we also found that KIAA1429 protein expression was not detected in normal liver tissues and HCC
tissues. Protein expression data of YTHDF1 and METTL3 were missing from the HPA data. The
expression of YTHDF2 was not detected in normal tissues or moderately expressed in liver tissues, and
the expression of the four genes in normal tissues and liver cancer tissues was not consistent with their
mRNA expression levels. This conclusion is only based on the HPA database and needs to be confirmed
by further experimental data. The study demonstrated the expression and poor prognosis of m6A
regulators in HCC. The expression of m6A regulator are positively correlated with the clinicopathological
features of HCC.
The composition of immune cells in the tumor microenvironment is closely related to prognosis.M2
macrophages and pro-inflammatory M1 macrophages are associated with the growth and spread of
tumors and the formation of immunosuppressive microenvironments (43,44). High concentrations of
CD 3+T cells, CD 8+cytotoxic T cells, and CD 45RO+ memory T cells suggest a better prognosis.(45,46)
Compared with normal livers, there were fewer mast cells, monocytes, and plasma cells activated in HCC,
and more resting mast cells, total B cells, and naive B cells, CD 4+ memory resting T cells, and CD 8+ T cells
(47). Tumor neoantigens play an important role in anti-tumor immune response and predict the clinical
response of immunotherapy (48,49). The potential role of m6A modification in the host's anti-tumor
immune response is unclear. Studies have shown that long-lasting new antigen-specific immunity can be
controlled by m6A modification of m6A binding protein YTHDF1 to achieve anti-tumor therapy,
suggesting that YTHDF1 may be a potential therapeutic target for anti-cancer immunotherapy (50). We
found that KIAA1429, YTHDF1, YTHDF2, and METTL3 are positively correlated with various immune
cells, suggesting that they may participate in the tumor microenvironment through the composition of
immune cells and play a role in the occurrence and development of tumors.

Conclusions
KIAA1429, YTHDF1, YTHDF2, and METTL3 can not only be used for tumors by m6A modification
mechanism, but also may regulate the tumor microenvironment through tumor immune infiltration cells
to exert immune anti-tumor effects. KIAA1429, YTHDF1, YTHDF2, and METTL3 as molecular markers
providing a new target for therapy of HCC in the further.
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Figures

Figure 1
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Gene expression and role of m6A regulators in HCC. (A) m6A RNA regulators expression in normal tissues
and tumor tissues. High expression in red and low expression in green. (B) Vioplot visualization of m6A
regulators expression in tumor tissues and normal tissues (tumor tissues in red and normal tissues in
blue). (C) Spearman correlation analysis of 13 m6A regulators.

Figure 2
Description of consistent clustering. (A) Matrix k = 2; (B) Cumulative distribution function (CDF) when k =
2-9;(C) The area under the CDF curve when k = 2-9; (D) Principal component analysis (PCA) of m6A
regulators expression. The group of cluster 1 are marked red, and the group of cluster 2 are marked blue.
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Figure 3
Overall survival rate and clinicopathologic features in both groups. (A) Overall survival (OS) curve using
Kaplan-Meier. Cluster 1 in red and cluster 2 in blue. (B) Heatmap of the 13 m6A regulators expression in
patients of different pathological characteristics of two clusters in HCC.
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Figure 4
Risk characteristics of m6A regulators. (A) Univariate Cox regression was used to calculate the hazard
ratios (HRs) and 95% confidence intervals (CIs). (B, C) Multivariate Cox regression was performed with
LASSO. (D)
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Figure 5
The relationship between risk score, clinicopathological characteristics. (A) Expression of the three m6A
regulators in low and high-risk groups. (B) ROC curve verifies the validity of risk signatures. (C) Univariate
Cox regression analysis for OS and clinicopathological factors in patients (D) Multivariate Cox regression
analysis for clinicopathological factors and OS in patients.
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Figure 6
Relationship between KIAA1429(A), YTHDF1(B), YTHDF2(C), and METTL3(D) expression and tumorinfiltrating immune cells.
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Figure 7
The immune cells in high and low expression groups of KIAA1429(A), YTHDF1(B), YTHDF2(C), and
METTL3(D).

Page 18/18

