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N6-methyladenosine (m6A) regulatory gene divides hepatocellular
carcinoma into three subtypes
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Background: The N6-methyladenosine (m6A) plays an important role in epigenetic modification
and tumor progression, but the modulations of m6A in hepatocellular carcinoma (HCC) have not been
determined while the relationship between m6A regulation and immune cell infiltration remains unclear.
Methods: This study investigated the modification patterns of m6A by analyzing HCC samples from The
Cancer Genome Atlas (TCGA) database and the Gene Expression Omnibus (GEO) dataset, and performed
molecular typing based on the characteristics of immune cell infiltration. The m6Ascore was also constructed
to quantify m6A modifications and predict the immunotherapy response and prognosis of HCC patients.
Results: Of the 364 samples, 31 (8.52%) were genetically altered in the m6A regulatory gene, with the
highest frequency of mutations in HNRNPC, ZC3H13, and LRPPRC. Three distinct molecular subtypes
of m6A were identified in 590 HCC samples, which were associated with different immune cell infiltrates:
immunodepletion type, immune activation type, and immune immunity type. According to the construction
of the m6Ascore system in the m6A genotype, HCC patients could be divided into high and low groups. The
mo6A modified pattern, characterized by immune immunity and immune failure, showed a lower score and
a better prognosis. However, the immune-activated type of m6A had a higher score and a poorer prognosis.
Further analysis showed that the m6Ascore was correlated with tumor mutation burden (TMB), and the
higher the TMB, the worse the prognosis. m6Ascore was also correlated with the expression of cytotoxic
T-lymphocyte-associated protein 4 (CTAL-4), and the higher the score, the higher the expression of HCC
in patients.

Conclusions: HCC has a unique m6A modification pattern, and 3 different m6A subtypes help to classify
HCC, provide knowledge of drug regimens for immunotherapy, and can be used to predict treatment

response and prognosis.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
type of primary liver cancer, accounting for 75-85% of
cases. In 2020, more than 900,000 new cases of HCC were
recorded globally, and its mortality rate ranks third among
malignant tumors (1). Chronic viral hepatitis, alcoholic and
nonalcoholic liver disease, carcinogens, and genetic factors
are the main risk factors for HCC (2,3). In the past 10 years,
breakthroughs in gene sequencing technology, especially
second-generation sequencing technology, have promoted
the study of tumor genes, providing powerful tools to
elucidate the molecular mechanism of HCC occurrence
and development, and also providing more options for the
treatment of HCC (4,5). The rise of immunotherapies, such
as immunomodulators, immune checkpoint inhibitors, and
cellular immunotherapy, offer new therapeutic directions
for the treatment of HCC.

As researchers deepen their understanding of the diversity
and complexity of the tumor microenvironment (composed
mainly of immune cells and extracellular matrix), a subset
of immune cell subsets is being increasingly linked to tumor
genesis and metastasis (6-8). Immune checkpoint inhibitors,
anti-programmed cell death protein 1/programmed death-
ligand 1 (PD-1/PD-L1), and anti-cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) have been used to achieve
success in the treatment of HCC patients, improving
disease remission rates and control rates (9,10); however,
low single-drug response rates remain a significant problem.
The liver has unique immune characteristics, such as high
immune cell infiltration, strong immunogenicity, and a
variety of immune microenvironments, which account for
the complex immune regulation mechanism of HCC to a
certain extent (11). Additionally, HCC patient treatment
is often complicated by cirrhosis, with immune drugs
displaying varied pharmacokinetic characteristics in
patients with cirrhosis. Based on these characteristics, HCC
has been classified into different immunotypes to guide
immunotherapy decisions.

There are many types of RNA modifications in eukaryotic
messenger RNA (mRNA), which are widely involved in the
various biological behaviors of RNA. The methylation of N6
adenosine (m6A) is the most abundant RNA modification
in eukaryotic cells (12). It is controlled by three regulatory
proteins: methyltransferase (“writer”), demethylase (“eraser”),
and binding protein (“reader”). An increasing number
of studies have shown that the alteration and abnormal
expression of m6A regulatory genes are associated with the
progression of malignant tumors and immune regulation
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(12-14). A recent study suggested that m6A modification
modulates the tumor microenvironment and improves
patient response to PD-1 therapy by blocking m6A-modified
demethylation enzymes (15). In addition, several studies have
also confirmed that m6A modification is involved in HCC
proliferation, replication, invasion, and metastasis (16-19).

At present, the modification mode of the m6A regulatory
gene in HCC is not completely understood, and there are
few studies on the molecular typing of the m6A regulatory
gene and HCC. The purpose of this study was thus to
explore the modification mode of m6A in HCC, analyze its
major components to conduct molecular typing of HCC,
and build a scoring system for quantitative analysis of the
modifications of M6a to evaluate their therapeutic response
in HCC patients, in order to provide a theoretical basis for
personalized treatment of HCC. We present the following
article in accordance with the REMARK reporting checklist
(available at https://dx.doi.org/10.21037/jgo-21-378).

Methods
HCC data set and preprocessing

We obtained RNA-sequencing (RNA-Seq) and mutation
data for 374 tumors and 50 normal samples in the HCC
cohort from The Cancer Genome Atlas (TCGA, https://
cancer genomes.Nih.gov/) and downloaded copy number
variation (CNV) data from the University of California,
Santa Cruz (UCSC) website. The GSE14520 liver cancer
data set was downloaded from Gene Expression Omnibus
(GEO), containing 223 tumor samples. All RNA-Seq data
were normalized using the Combat function of the SVA
package in R. The 23 HCC-related m6A methylation-
related genes were counted by an R package ‘ESTIMATE’
(https://www.r-project.org/); to obtain the CNV data,
mutation status, gene types, and correlations between
genes.

Survival analysis

Univariate Cox regression analysis and the Kaplan-Meier
method were used to evaluate the prognostic effect of 23
HCC-associated m6A methylation genes. When the Kaplan-
Meier method was used to plot survival curves, a log-rank P
value <0.05 was considered statistically significant.

Consistent cluster analysis and differential gene analysis

The ConsensusClusterPlus software package was used to
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analyze the profiles of 23 m6A genes in HCC, including a
total of 23 mo6A regulators, 8 writers (METTL3, METTLI14,
RBMIS, RBM15B, WTAP, KIAA1429, CBLLI, and
ZC3H13), 2 erasers (ALKBHS and FTO), and 13 readers
(YTHDC1, YTHDC2, YTHDF1, YTHDF2, YTHDF3,
IGF2BP1, IGF2BP2, IGF2BP3, HNRNPA2B1, HNRNPC,
FMRI, LRPPRC, and ELAVLI). Meanwhile, the single
sample gene set enrichment analysis (ssGSEA) algorithm
was used to calculate the content of immune cells (28 kinds
of immune cells) in tumor samples, and the infiltration of
immune cells among different m6A types was compared.
To identify the m6A-related genes, differences between the
genotypes (TCGA and RINA-Seq expression matrices of
GEO data sets) were analyzed and differentially expressed
genes (DEGs) were obtained. Univariate Cox analysis
with a P value <0.05 for filtering was then undertaken.
The DEGs related to a patient’s prognosis were obtained,
and the m6A phenotype based on DEGs was obtained
via consistent clustering classification again based on the
prognostic DEGs. At the same time, Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGQG)
used to analyze DEGs.

m6A score construction and analysis of immune-related
markers

Principal component analysis (PCA) was performed
on prognostic DEGs, major components 1 and 2 were
extracted, and a new score (m6Ascore = PCAI + PCA2) was
set to be obtained, namely, the m6Ascore. The correlation
between the m6Ascore and clinical PD-L1 and CTLA-4
subtypes, was analyzed.

Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Statistical analysis

All RNA-Seq data were normalized by the ComBat
function in the sva package. The Wilcoxon rank-sum test
was used to compare the differences in gene expression
between normal tissues and tumor tissues. The Kaplan-
Meier method was used to plot the survival curve, and
a log-rank test was performed to test its significance.
A P value <0.05 was considered statistically significant.
ConsensusClusterPlus software was used for cluster

© Journal of Gastrointestinal Oncology. All rights reserved.

Wei et al. m6A typing of HCC

typing, and the ssGSEA algorithm was used to evaluate
tumor-infiltrating immune cells. All statistical data were
completed using the R language software package (https://
www.r-project.org/), and a P value <0.05 was considered
statistically significant.

Results
Overview of genetic variation of m6A in HCC

We first investigated the incidence of somatic mutations
in 23 m6A regulatory genes found in HCC. Among the
364 samples, 31 samples (8.52%) had genetic changes in
the m6A regulatory gene, mainly in missense mutations,
splice-site mutations, and nonsense mutations. HNRNPC,
ZC3H13, and LRPPRC had the highest mutation frequency,
followed by YTHDCI and YTHDC?2 (Figure 1A4). Further
analysis of 23 m6A regulatory genes showed that m6A in
HCC had extensive CNV mutations. VIRMA, HNRNPC,
and METTL3 had extensive CNV amplification, whereas
WTIAP, YTHDF2, METTLI6, and ZC3H13 had widespread
CNV deletion (Figure 1B). The expression analysis of 23
m6A regulatory genes in normal liver tissue and tumor
tissue showed no difference in VIRMA and IGFBP2
expression, low expression of IGFBPI and IGFBP3 in tumor
tissue, and high expression of the remaining 19 genes in
tumor tissue (Figure 1C). To further study the interaction
between the m6A regulators, a network map of survival
and interaction between the m6A regulatory genes was
constructed (Figure 1D). Survival analysis showed that
the 12 m6A regulatory genes were closely related to the
prognosis; 1O, IGFBP3, LRPPRC, EMTTL3, RBM1IS5,
WTAP, YTHDC1, YTHDC2, YTHDFI, and YTHDF?2 high
expression patients had a poorer prognosis, while patients
with a high expression of ZC3H13 had better prognosis
(Figure 2). The results showed that the m6A modification
pattern was mediated simultaneously by erasers, readers,
and writers. IGFBPI, IGFBP2, FMRI1, and ZC3H13 were
associated with protective factors, while 12 regulators,
including YTHDFI and YTHDEF2, were associated with
risk factors. These results indicate that there are significant
differences and associations between the expression of
mo6A in genomes and the transcriptome between HCC
and normal tissues. They also indicate that m6A affects the
prognosis of HCC patients. In conclusion, the alteration
and genetic variation of m6A play an important role in
regulating the occurrence, progression, and prognosis of
HCC.

7 Gastrointest Oncol 2021;12(4):1860-1872 | https://dx.doi.org/10.21037/jgo-21-378



Journal of Gastrointestinal Oncology, Vol 12, No 4 August 2021 1863

A Altered in 31 (8.52%) of 364 samples B
047
o l-_--II_._I-._-_-l__...II-lIII._-_-- ¢ N
HNRNPC 1%
| - o
g = T — 20+ * GAIN ° LOSS
YTHDC1 L 1%  — Py
YTHDC2 - 1%  —
FMRT - 1%  —
RNPA2B1 | 1%  E—
AP - 1%  E—
i peeeeeniteiseess © [ s .
BIM15 [ ] 0% . X 154
RBM158 [ | 0% . g
HDF3 m_ 0% >
FTO u_0% mm [5)
ALKBHS Wov . c
ETTL3 0% &
METTL4 0% S 104
METTL16 0% °
VIRM/ 0% o °
HDF: 0% o [ ] °
16F8R% o = °
B, 0% ; [ ]
NSRS 5 o0
[ [ lgfml | Hii N u | et L 5 C>T = T>A o [ ] | e [ ] e e |
2 S " To e ef800eo,
= C>A = T>G | N | ®
LM I"llllllll III gele ¢l $efo0s,
T LC OO NN F VO PN XD N R DO N DD
= Missense_Mutation ® Frame_Shift_Del N A LS ENL LR RNLCEOR KRR KRN
| >_Shift_| S LN L LS PR O N R R R
In_Frame_Del = Splice_Sit ¥ & R < £ R L NS <0 K 3
R T AR SEEST T EEE I EEEEE S E T

C D K3 /P
0.

Pa /' // @ ® Erasers
] )

©® Readers

© Writers

Type E3 Normal E3 Tumor

=)
.

Gene expression

e Risk factors
® Favorable factors

‘.ﬂ‘m_m.
- .
Ih .
T .
Ty
el
iy .
.
M
Ty .
L
Ay
S
oy
o T—e
-
.
j ’— .
-

Postive correlation with P<0.0001
— Negative correlation with P<0.0001

Cox test, P value

.1e-o4.o.oo1.o.o1 @005 @1

Figure 1 Genetic alteration of the m6A modulation gene in HCC. (A) In all, 31 of 364 HCC patients experienced modulations of 23 m6A
genetic alterations with a frequency of 8.52%. These alterations mainly included missense mutation, splice site mutation, and nonsense
mutation. (B) CNV mutation frequency of the 23 m6A regulatory genes. This column represents the frequency of change. Deletion
frequency is represented by green dots, while amplification frequency is represented by pink dots. (C) Expression of the 23 m6A regulatory
genes in normal tissues and HCC tissues. (D) Expression interaction of the 23 m6A regulatory genes in HCC. The lines connecting the m6A
regulatory genes show how they are correlated with each other, with positive associations in red and negative associations in blue. The size
of each circle represents the prognostic effect of each regulatory gene and is scaled by P value. The color of the circle’s left half represents
the modification type of m6A (erasers, readers, writers), while the circle’s right half represents survival factors affecting the patients. Green
represents protective factors, and purple represents risk factors. m6A, N6-methyladenosine; HCC, hepatocellular carcinoma; CNV, copy

number variation.

Analysis of m6A methylation modification patterns in further analyzed the modification pattern of m6A in HCC.
HCC After K-means clustering, three clusters with different m6A

modification patterns, m6Acluster A-C (Figure 34-3D)
TCGA data and the GSE14520 data set were analyzed were finally identified. Subsequently, survival analysis of the
through clustering clustering consistency analysis, and three m6Acluster groups showed no significant difference
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Figure 3 Genotyping based on m6A methylation regulatory genes. (A,B) The CDF curve and area under the curve in consistency cluster
analysis. (C) The consensus fraction matrix of all samples when k=3. The higher the consensus score between two samples, the more likely
they are to be grouped into the same cluster in different iterations. (D) A two-dimensional scaling map of the components of the m6A
regulatory gene by PCA algorithm. Each dot represents a sample, and the different colors represent three subtypes. (E) Prognostic analysis
based on the three m6A regulatory genotypes. (F) Analysis of the three m6A subtypes and immune infiltrating cells. (G) Three DEGs of the
moOA subtype are shown in the Venn diagram. (H,I) The CDF curve and the area under the curve in the DEGs concordant cluster analysis
of prognosis. (J) The consensus fraction matrix of all samples when k=3. (K) Prognostic analysis based on DEGs classification. m6A, N6-
methyladenosine; CDF, cumulative distribution function; PCA, principal component analysis; DEGs differentially expressed genes.

in prognosis among HCC patients (P=0.665; Figure 3E). with the concentration of the other 24 types of immune
We further analyzed the number of immune cells in HCC cells. T cell subsets were decreased in m6Aclusters A-B, but
and compared the differences in the number of immune macrophages in m6Acluster A were significantly increased.
cells among the three types of m6Aclusters. The results The activated CD8" T cells, central memory CD8" T cells,
showed that the contents of memory B cells, natural killer and effector memory CD8" T cells were more abundant
T cells, mature dendritic cells, and mast cells were not in the m6Acluster C. However, the levels of activated
significantly different among the 28 types of immune cells. CD4" T cells, central memory CD4" T cells, and effector
Three types of m6Aclusters were significantly correlated memory CD4" T cells were relatively low (Figure 3F).
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Therefore, it was concluded that m6Acluster A is a type of
immune failure characterized by T cell subset depletion
and macrophage enrichment, that m6Acluster B is a type
of immune immunity characterized by a lack of T cell
infiltration, and that m6Acluster C, on the other hand, is
immune-activated and characterized by T cell enrichment.
Based on these results, it was hypothesized that these three
mo6Aclusters may be involved in regulating immunity and
affecting the prognosis of HCC patients. Gene analysis
between m6Acluster groups was then performed, and 388
DEGs were obtained by univariate Cox analysis (Figure 3G).
Concordant clustering was performed again, and three gene
cluster types (including gene cluster A-C) were identified.
Survival analysis showed significant differences in prognosis
(P<0.001; Figure 3H-3K), which confirmed the study’s

assumption.

Analysis of DEGs enrichment function and clinical
correlation

The potential function of DEGs was analyzed using
the GO and KEGG pathway. The first five biological
processes (BPs), including the fatty acid metabolic
process, the G2/M transition of the mitotic cell cycle, and
the carboxylic acid catabolic process, were revealed by
enrichment function analysis, the organic acid catabolic
process, and response to xenobiotics. The first five cell
components (CCs) included chromosomes, centromeric
regions, microtubule spindle mitochondrial matrices,
and chromosomal regions, while the defined molecular
function (MF) included the activation of oxidoreductase.
KEGG pathway analysis showed that DEGs are part of
the cell cycle, DNA replication, and substance metabolism
(Figure 4). Cluster analysis was also performed based on
DEGs, and these subgroups were shown to have different
clinicopathological characteristics. Gene cluster A patients
were more likely to be male, younger, and have a favorable
prognosis. Patients with gene cluster C had early clinical
staging and a relatively good prognosis (Figure 5A). These
results suggest that the screened DEGs play a regulatory
role in substance metabolism and cell cycle and are closely
related to clinicopathological characteristics.

Construction of an méAscore and its clinical significance

This study found that m6A modification has a regulatory
effect on prognosis, metabolism, and immune infiltration.
However, these findings were based on the HCC
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population, and it is not yet possible to accurately predict
the modification pattern of m6A methylation in a single
HCC patient. Therefore, PCA was performed based on
DEGs, and a set m6Ascore (m6Ascore = PCA1 + PCA2)
was used to quantify the modification pattern of m6A in
a single HCC patient, while the treatment response and
prognosis of the patient were predicted. m6Aclusters
and gene clusters were associated with an m6Ascore, and
patients with higher scores had a poorer prognosis than
those with lower scores (P<0.001). Gene cluster A was
associated with a higher m6Ascore and better prognosis.
Conversely, gene cluster C had a low m6Ascore and poor
prognosis (Figure SB-5E). In terms of immune cells, the
activated CD4" T cells and effector memory CD4" T
cells were positively correlated with the m6Ascore, while
the T helper 17 cells and eosinophils were significantly
negatively correlated with the m6Ascore (Figure 6A4,6B).
In addition, analyses incorporating patient age, gender,
tumor clinical stage, and tumor mutation load showed that
mo6Ascore was a reliable predictor of patient prognosis and
that 7P53 and CSMD3 had higher mutations in patients
with high m6Ascores scores. On the other hand, we
found higher expression of CTLA4 in patients with high
mo6Ascore (Figure 6B-6M).

Discussion

Based on TCGA database and GSE dataset, this study first
analyzed the modification pattern of the m6A modulator
gene in HCC, its expression in HCC, and its influence on
the biological behavior of HCC. The study showed that the
mutation frequency of the m6A regulatory gene in HCC
was higher (8.52%), which was greater than the 0.02-8.07%
mutation rate presently reported (20). Furthermore, the
increased frequency of the m6A regulatory gene mutation
was associated with increased gene expression. HCC’s m6A
regulator features a higher frequency of CNV. Moreover,
the expression of VIRMA, HNRNPC, and METTL3 were
elevated with the increase of CNV. Hu ez 4/.’s study reported
that higher levels of HNPNPC were detected in HCC
tissues compared with adjacent tissues; the knockdown
of HNRNPC could inhibit the proliferation, migration,
and invasion of HCC cells (21); and high expression of
METTL3 or YTHDFI was associated with a poor prognosis
for HCC patients (19). In summary, it was found that m6A
RNA modification regulates certain signaling pathways
through methyltransferase, demethylase, and reader
effectors, thereby affecting the differential gene expression
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between HCC and normal tissues, genomic CNV, and
genetic mutations, and affecting the prognosis of HCC
patients.

An increasing number of studies have shown that m6A
regulatory genes play a role in immunity (13), but the
overall tumor microenvironment characteristics mediated
by integrated m6A regulatory genes are yet to be fully
understood. At present, the formulation of a treatment
plan for HCC patients is mainly based on pathological
classification analysis and the staging plans of various
factors. With the expansion of research, many HCC
molecular subtypes have been found to be significantly
correlated with the prognosis of HCC, which lays a
foundation for the selection of corresponding molecular
targeted drugs for different types of patients. The
identification of different m6A modification patterns

© Journal of Gastrointestinal Oncology. All rights reserved.

based on the immune microenvironment is helpful for the
formulation of precision therapy. Previous studies have
shown that the tumor microenvironment plays an important
role in regulating tumor progression and the efficacy of
immunotherapy (22). In this study, based on the infiltrated
immune cells and immune scores, three HCC tumor
microenvironment-related phenotypes were identified:
immunodepletion, immune activation, and immune
immunity. The immunodepletion type is characterized by T
cell depletion and macrophage enrichment. Transforming
growth factor-p (TGF-B) induces T cell failure and
promotes M2 macrophage formation, which in turn
suppresses the host immune response (23,24), suggesting
that this type is more aggressive and that the combination
of TGF-p inhibitors and immune checkpoint inhibitors
can potentially enhance efficacy in these patients. Immune-
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activated types are characterized by T cell enrichment
and a high number of CD4 and CD8 cell infiltrates,
indicating that HCC patients would benefit more from
immunotherapy. Sia e 4l. found that these patients had a
lower rate of tumor recurrence and a better survival rate (25).
The opposite of the immunoactivated type is the immune
immunity type, which is characterized by mutations
in the CTNNBI1 gene and a lack of T cell infiltration.
Furthermore, activation of the CTNNBI pathway is
associated with T cell rejection (26), suggesting that these
types of patients may not be suitable for immunotherapy.

In addition, GO and KEGG analysis of DEGs identified
from different m6A modification modes showed that the
selected DEG was involved in the regulation of substance
metabolism and the cell cycle, suggesting that there may
be a close relationship between the modification modes
of the m6A regulator and HCC metabolism. Studies have
shown that the uptake of exogenous fatty acids can promote
the growth and proliferation of HCC cells and that an
abnormally high expression of fatty acid transporters
on the cell membrane surface of HCC can enhance the
uptake of fatty acids and induce epithelial-mesenchymal
transformation, further promoting the progression of
HCC (27-29). It has been established that the tumor
microenvironment alters the metabolism of cancer cells
and promotes tumor development while enhancing the
heterogeneity of cancer (30,31). However, the regulatory
role of m6A is still unclear and needs further study.

In this study, we further established an m6Ascore
quantification system to define different m6A modification
patterns and to provide a reference for individual assessment
and treatment strategies. The results showed that the m6A-
modified mode, characterized by immune immunity and
immune depletion, displayed a lower score and a better
prognosis, whereas the immune-activated type of m6A
had a higher score and a poorer prognosis. It was observed
that the m6A score was associated with tumor mutation
burden (TMB), and the higher the TMB, the worse the
prognosis. TP53 and CTNNBI were associated with higher
TMB. Studies have shown that the 7P53 gene has a high
mutation frequency in HCC, and these mutations have
immunogenicity in HCC patients. The 7P53 mutant type
has a higher TMB than does the wild type, and there may
an association between the 7P53 mutation and immune
response (32). Studies have reported that CTNNBI
mutation is related to immune rejection, and patients in
whom CTNNBI mutant chemokines are downregulated,
tend to be treated with anti-PD-1 (33). The study of
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Yarchoan found that the immune response rate of HCC has
a linear relationship with TMB, and the larger the TMB,
the higher the PD-1 inhibitor efficiency (34). In addition,
we observed that the m6Ascore was also correlated with
the tumor-node-metastasis (INM) stage, age, and sex, and
had a certain prognostic ability. The m6Ascore was also
correlated with the expression of CTAL-4, and the higher
the score, the higher the expression of HCC patients. These
findings suggest that the m6A modification model can
be used clinically to help determine immune phenotypes
and guide treatment regimens while predicting prognosis
in patients with HCC. This study was a retrospective
analysis and used information sourced from databases,
which introduced a few limitations; also, more data from
HCC patients receiving immunotherapy is needed to
further verify this study’s findings. In addition, the included
pathological features were limited, and more indicators
should be included to improve the accuracy of classification
and prediction.

Conclusions

In this study, we evaluated m6A modification patterns in
HCC based on 23 m6A regulatory genes and classified them
according to the characteristics of immune cell infiltration
in a tumor microenvironment. This study improves the
understanding of the regulatory role of the m6A regulatory
gene in HCC and has important reference value for guiding
personalized immunotherapy and improving the prognosis

of HCC.
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