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Abstract
Background: N7-methylguanosine (m7G) is an essential epigenetic modi�cation and there is increasing
evidence that it is closely associated with tumorigenesis progression. However, the expression pattern of
m7G-related genes in hepatocellular carcinoma (HCC) remains systematically analyzed.

Methods: We downloaded HCC genetic and transcriptomic data from TCGA and GEO datasets.
Unsupervised clustering methods identi�ed different m7G-related gene subtypes, and then an m7G_score
for predicting overall survival and characterizing the tumor microenvironment (TME) was constructed.
Eventually, a highly accurate nomogram was constructed based on the score.

Results: In this study, two m7G-related gene subtypes were obtained by unsupervised clustering analysis
of 18 m7G-related genes, and the relationship between different subtypes and clinicopathological
features and TME was systematically evaluated.

Conclusion: N7-methylguanosine-related patterns are closely related to the clinical characteristics and
tumor microenvironment of HCC patients, providing a new perspective on the treatment of HCC patients.
Meanwhile, m7G_score can improve the clinical applicability with HCC patients.

1. Introduction
Primary liver cancer is the sixth most common cancer globally, of which hepatocellular carcinoma (HCC)
accounts for 80%.1,2 Early-stage HCC is mainly treated by surgical resection, and progressive stage HCC
is treated by chemoembolization for local treatment, immunotherapy and targeted therapy for systemic
treatment, etc. 3,4 However, even after treatment of early-stage HCC, the 5-year recurrence rate is still as
high as 70%, so there is an urgent need to investigate the molecular mechanisms of hepatocellular
carcinogenesis and develop targeted treatment strategies.5

The mechanism of HCC is complex and involves both the genetic and epigenetic levels.6 There is much
evidence linking dysregulated RNA modi�cations to the pathogenesis of human diseases, including
cancers. More than 100 types of RNA modi�cations have been identi�ed, and methylation modi�cations
are one of the major forms of RNA modi�cations, accounting for about two-thirds of them.7,8,9 N7-
methylguanosine (m7G) is an essential epigenetic modi�cation that plays a vital role in regulating gene
expression. M7G is a modi�cation that adds a methyl group to the seventh N position of RNA guanine by
the action of methylation transferase. Studies have shown that m7G modi�cations are present in various
molecules, including mRNA 5' cap structures, mRNA internal, pri-miRNA, transfer RNA (tRNA) and
ribosomal RNA (rRNA).10,11 There is growing evidence that impaired m7G tRNA modi�cations are
associated with various diseases. For example, knockdown of METTL1 impairs m7G tRNA modi�cation
and induces abnormal differentiation and growth of embryonic stem cells.12 Mutations in WDR4 result in
different forms of small-headed primitive dwar�sm.13 These observations suggest a critical function for
METTL1/WDR4-mediated m7G tRNA modi�cations in regulating cell fate determination and growth.
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Recent studies have found that m7G is closely associated with tumorigeneses, such as METTL1
dysregulation associated with chemotherapy sensitivity in colon and cervical cancer cells,14,15

METTL1/WDR4-mediated m7G tRNA modi�cation and m7G codon use promoting mRNA translation and
lung cancer progression16 and METTL1 promoting hepatocarcinogenesis through m7G tRNA
modi�cation-dependent translational control.17

In this study, tumor immune microenvironment (TME) characteristics were systematically assessed in
HCC patients by clustering the expression of previously studied m7G-related genes and m7G_score based
on the differentially expressed genes (DEGs) of two m7G-related gene subtypes was used to predict
survival and assess the immune landscape.

2. Materials And Methods
Data collection

TCGA-LIHC gene expression data (fragments per kilobase million, FPKM) and clinical data were obtained
from The Cancer Genome Atlas (TCGA) (https://portal.gdc.cancer). HCC microarray expression dataset
GSE14520 was obtained from Gene Expression Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo). We
transformed the FPKM data into transcripts per kilobase million (TPM) to make the RNA-seq data values
closer to the microarray data and eliminated the batch effect by the "Combat" algorithm.18

Consensus clustering analysis of m7G-related genes

Eighteen m7G-related genes were obtained from MsigDB Team
http://www.broad.mit.edu/gsea/msigdb/), and these genes were obtained in the supplementary material
table S1. Based on the expression of these genes, the HCC samples were clustered unsupervised using
the R package "ConsensusClusterPlus" to be classi�ed into distinct molecular subtypes.19 The optimal
molecular subtypes were obtained by selecting the best K value. The Kaplan-Meier survival analysis was
performed to assess the differences in survival between the distinct subtypes. Molecular subtypes were
compared to assess differences between subtypes in terms of clinical characteristics. To investigate the
activity of biological pathways in distinct molecular subtypes, Gene set variation analysis (GSVA) was
performed using the hallmark gene set (c2.cp.kegg.v7.2) from the MsigMD database.20 To examine the
relative abundance of distinct subtypes of immune cells in�ltration, the single-sample gene set
enrichment analysis (ssGSEA )algorithm was performed in the R package "GSVA". In addition, the fraction
of human immune cell subpopulations in 23 of each HCC sample was calculated by the CIBERSORT
algorithm to compare the differences in the level of immune cell in�ltration by molecular subtypes.21

Identi�cation and enrichment analysis of DEGs

Distinct m7G subtype-related DEGs were identi�ed using the "limma" package in R (adj. p < 0.05 and
|log2FC|>1.5).22 The functional and enrichment pathways of DEGs were further explored using the
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"clusterpro�ler" package in R.23

Construction of prognostic m7G_score

The m7G subtype-related prognostic DEGs were identi�ed using univariate Cox regression analysis.
Patients were classi�ed into distinct subtypes using Consensus clustering analysis based on these
prognostic DEGs for deeper analysis. All HCC patients were divided into training and testing groups in a
1:1 ratio, then used training group to construct the prognostic m7G_score. Eventually, candidate genes
were identi�ed using lasso Cox regression analysis and multivariate Cox analysis. The m7G_score was
constructed based on candidate genes with the formula:

M7G_score = Σ(Expi *Coe�)

Expi: Candidate gene expression value

Coe�: Candidate gene risk factor

Based on the median m7G_score, patients were divided into high-risk and low-risk groups, and the
Kaplan-Meier survival analysis and receiver operating characteristic (ROC) curves were plotted to evaluate
the merits of the model.

Validation by qRT-PCR and western blot

The total RNA was extracted using Trizol on ice (Thermo Fisher Scienti�c, Waltham, MA, USA) according
to the manufacturer’s instructions, and RNA purity and concentration were measured using a UV
spectrophotometer. cDNA synthesis from RNA was performed using the RT-PCR kit (TAKARA047A; Takara
bio, Shiga, Japan) of Super Script III First-Strand Synthesis System. The ampli�cation conditions were:
denaturation at 95°C for 30 s, 95°C for 5 s, and 60°C for 30 s, for a total of 40 cycles. Real-time PCR
ampli�cation was performed using the 7500 Fast Real-Time PCR system. The primers used for were
shown in the supplementary material table S2. The tissues were lysed by chilled radio-
immunoprecipitation assay (RIPA) and the bicinchoninic acid (BCA) method was used to determine the
protein concentration of each lysate. Proteins (80 mg) were separated using 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis. The procedures were performed according to the manufacturer’s
protocol. The primary antibodies used were listed in the supplementary material table S3.

Relationship with TME of m7G_score

Using CIBERSORT to quantify the abundance of 23 in�ltrating immune cells in samples from high and
low-risk groups, we explored the m7G_score correlation with in�ltrating immune cells. In addition, we
assessed immune checkpoint expression between distinct groups.

Construction and validation of m7G_score nomogram



Page 5/19

The nomogram was developed using the "rms" package in R.24 The forecasting capability of the
nomogram was evaluated using 1-year, 3-year and 5-year calibration curves.

Statistical analyses

All statistical analyses were performed using R version 4.1.0 and GraphPad Prism 8. Statistical
signi�cance was set at P < 0.05.

3. Results
Multi-omics analysis of m7G-related genes in HCC

The waterfall chart in the TCGA-LIHC somatic mutation dataset showed that m7G-related genes had
lower mutation frequency, only mutating in 19 out of 364 samples (Fig. 1(a)). In the TCGA-LIHC somatic
copy number dataset, copy number variants (CNV) were prevalent in m7G-related genes, with increased
CNV in NCBP2 and LARP1 and decreased CNV in EIF4G3, EIF4E, DCPS and EIF4A1 (Fig. 1(b) and 1(c)).
When comparing the gene expression in normal and tumor tissues, signi�cant differences were found in
the expression of 18 m7G-related genes, indicating that m7G-related gene expression plays a vital role in
HCC (Fig. 1(d)). In addition, 15 m7G-related genes had signi�cantly different survival curves(Fig. 2). It
could be found that NCBP2 expression was signi�cantly increased in HCC samples compared with
normal samples, suggesting that the increased frequency of NCBP2 CNV may be one of the mechanisms
of its overexpression, but it was not absolute. EIF4G3 CNV showed low frequency, but its expression was
still higher in tumor samples than normal tissues. Therefore, the variation of CNV frequency is not the
only factor affecting tumor gene expression.25,26

Identi�cation of m7G-related gene subtypes in HCC

We integrated the TCGA-LIHC with the GSE14520 (GPL571) to examine the subtypes of HCC based on the
expression of m7G-related genes. Then, Two m7G-related gene subtypes (subtype A and subtype B) were
identi�ed by unsupervised clustering (Fig. 3(a)). Principal component analysis (PCA) revealed signi�cant
differences in the transcriptional pro�les of m7G-related genes between the two subtypes (Fig. 3(b)). In
terms of survival analysis, Kaplan-Meier survival curves showed that subtype A had a signi�cantly worse
survival rate than subtype B (log-rank test, p = 0.002) (Fig. 3(c)). In terms of clinical clinicopathological
features, the clinical TNM stages showed signi�cant differences, and subtype A had a higher ratio of
TNM stage III-IV than subtype B (Fig. 3(d)).

TME characteristics in m7G-related gene subtypes

To further explore the pathway enrichment characteristics of different subtypes of m7G-related genes,
GSVA revealed that subtype A was signi�cantly enriched in ubiquitin-mediated proteolysis and cell
cycle(Fig. 4(a)). Ubiquitination modi�cations also play a vital role in the development of the human
immune system and in the various stages of the immune response, such as the initiation, development
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and conclusion of the immune response. Moreover, many ubiquitination modi�cations are able to
suppress the immune response by degrading immunomodulatory proteins. To investigate the role of
m7G-realted genes in TME of HCC, correlations between the two subtypes and 23 human immune cell
subpopulations were assessed using the CIBERSORT algorithm, and the results suggested that the
proportion of activated CD4 T in�ltration was signi�cantly higher in the A subtype than in the B
subtype(Fig. 4(b)).

Identi�cation of DEGs in m7G-related gene subtypes

To further explore the heterogeneity of m7G-related gene subtypes, we identi�ed 1581 DEGs. Gene
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses showed that these DEGs
were signi�cantly enriched in DNA replication biological processes and signi�cantly enriched in cell cycle
pathways(Fig. 5(a) and 5(b)). The prognostic value of 1134 subtype-associated genes was determined by
univariate Cox regression analysis. A consensus clustering algorithm was used to validate this regulatory
mechanism further, and classify patients into three gene subtypes (gene subtype A, gene subtype B and
gene subtype C) based on 1134 subtype-associated genes. Kaplan-Meier curves showed that gene
subtype C had the worst overall survival, while gene subtype B had a favorable overall survival(Fig. 5(c)).
Furthermore, the three gene subtypes differed signi�cantly in the expression of m7G-related
genes(Fig. 5(d)).

Construction and validation of m7G_score

The best prognostic features were identi�ed by lasso regression analysis and multivariate Cox regression
analysis of 1134 subtype-associated genes, and eventually, �ve candidate genes (UCK2, PRKCD,
UGT2B15, ADM, NQO1) were �nally screened. The m7G_score formula was as follows:

m7G_score = (0.4466*expression of UCK2) +(0.2772* expression of PRKCD)+( -0.0928* expression of
UGT2B15)+( 0.2021* expression of ADM)+( 0.0960* expression of NQO1)

Sankey diagram illustrated the distribution of m7G-related gene subtypes, gene subtypes and m7G_score
groups(Fig. 6(a)). In comparing the m7G_score of m7G-related gene subtypes, it was found that the
m7G_score of subtype A was signi�cantly higher than that of subtype B(Fig. 6(b)). When comparing
m7G_scores between gene subtypes, gene subtype C had the highest m7G_scores(Fig. 6(c)). When the
m7G_scores were divided into two groups of high and low risk by median, the risk distribution graph
showed that the survival time decreased signi�cantly with increasing scores(Fig. 6(d)). In addition,
Kaplan-Meier survival curves showed that the survival rate in the high-risk group was signi�cantly lower
than that in the low-risk group. In addition, the 1-year, 3-year, and 5-year survival rates for the m7G_score
were expressed as area under the curve (AUC) of 0.754, 0.742, and 0.730, respectively(Fig. 6(d)).

Validation of Transcriptional level and expression level of �ve subtype-related prognostic genes in
m7G_score
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Five pairs of liver tissues (tumor tissues vs. adjacent normal tissues) were examined by qRT-PCR, and the
results showed that ADM, UCK2, PRKCD and NOQ1 were transcribed at higher levels in liver cancer
tissues than in adjacent normal tissues, while UGT2B15 was lower than in normal tissues( Fig. 7(c)). The
expression levels of ADM, UCK2, PRKCD, NOQ1 and UGT2B15 in four pairs of liver tissues (tumor tissues
vs. adjacent normal tissues) were detected by western blot, and the results were consistent with the
transcriptional levels of each gene( Fig. 7(a) and 7(b)). In addition, we further explored the prognostic
value of these genes by Kaplan-Meier Plotter website, which showed that high expression of ADM, UCK2,
PRKCD and NOQ1 was associated with shorter OS (P = 0.0081, P = 1.3e-09, P = 0.00036 and P = 0.001,
respectively), while low expression of UGT2B15 was associated with worse prognosis (P = 0.0022)
(Fig. 7(d)).27

Relationship between m7G_score and TME

The relationship between m7G_score and immune cell abundance was positively correlated with T cell
regulatory and negatively correlated with T cells CD4 memory by the CIBERSORT algorithm(Fig. 8(a)). We
evaluated the relationship between �ve candidate genes and immune cell abundance, and the heat map
showed that these genes were signi�cantly associated with multiple immune cells(Fig. 8(b)). In addition,
immune checkpoint expression was signi�cantly higher in the high-risk group than in the low-risk
group(Fig. 8(c)).

Constructing nomograms to predict survival

We combined m7G_score and TNM stage as predictors to construct a nomogram, through which we
could better show the survival rate of patients at 1, 3 and 5 years(Fig. 9(a)). The calibration curves
showed that the predicted survival at 1, 3 and 5 years was very similar to the actual survival, re�ecting an
excellent predictive e�cacy(Fig. 9(b)).

4. Discussion
HCC remains a global health challenge and its incidence continues to increase year by year. HCC is the
most common form of liver cancer and the molecular mechanisms depending on different genotoxic
insults and risk factors. Although we now have a relatively new understanding of the physiopathology
and mechanistic studies of HCC, we still face challenges in clinical translation.

Genetic and epigenetic misregulation is a critical mechanistic factor in the development and progression
of HCC. Methylation is one of the most common modi�cations of RNA, and RNA methylation has been
shown to be associated with a variety of human diseases, with aberrant methylation leading to disease
and cancer, particularly in tumors.28 Compared to mRNA, tRNA modi�cations are more widespread. The
tRNA modi�cation can regulate tRNA stability, mRNA translation and protein synthesis rates, and
mutations or dysregulated expression of tRNA-modi�ed enzymes which have been widely observed in
human diseases. 29,30,31However, in cancers, the physiological functions of tRNA modi�cations are poorly
understood. The m7G is one of the most prevalent tRNA modi�cations in the tRNA variable loop.
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However, the oncogenic functions and potential mechanisms of m7G tRNA modi�cations in cancer have
not been fully elucidated. Recent studies have found that m7G tRNA modi�cations have effects on a
variety of cancers, such as HCC, intrahepatic cholangiocarcinoma, lung cancer, bladder cancer,
Esophageal Cancer, etc17,32,33,16,34,35

In this study, the overall alterations of m7G-related genes in HCC at the gene level and expression level
were revealed by 18 m7G-related genes. The results showed that the mutation level of these genes in HCC
was not high, only 5.22% of the mutation frequency, and the CNV results showed that the loss of EIF4G3
CNV was the most, higher than 15%, but the transcriptional level was found to be higher in the tumor than
the normal group. It is commonly believed that CNV loss causes a decrease in transcript levels, but
transcript levels are affected not only by CNV but also by DNA methylation, transcription factors, and
other factors. 25,26 In the transcribed landscape, these 18m7G-related genes were signi�cantly different in
both tumor tissues and normal tissues, suggesting that m7G-related genes play an important role in HCC
development. We identi�ed two molecular subtypes based on 18 m7G-related genes, and result showed
that patients with subtype A had worse overall survival and clinical staging than patients with subtype B.
GSVA revealed that subtype A was characterized by a signi�cant enrichment in cell cycle, ubiquitin-
mediated protein degradation pathways, suggesting a higher degree of tumor progression in patients with
subtype A. In addition, immune cell tumor in�ltration of both molecular subtypes existed to varying
degrees in CD4 T and NK cells. To better reveal the differences that existed between the two molecular
subtypes, GO and KEGG enrichment was performed by identifying mRNA expression differences and
based on DEGs that were shown to be signi�cantly enriched in DNA replication and cell cycle checkpoint.
We �nally obtained 5 candidate genes based on these genes by unvariate analysis, lasso regression
analysis, and multivariate analysis, and constructed m7G_score to predict survival based on these 5
genes, that was demonstrated its strong predictive ability for prognostic survival.

Usually, a solid and effective immune system plays a crucial role in the �ght against tumorigenesis and
progression. 36Among them, immune cells play an essential role in the tumor microenvironment,
including innate immune cells (neutrophils, dendritic cells, macrophages, NK cells, etc.) and adaptive
immune cells (T cells and B cells).37 However, tumors can escape from the immune system by a variety
of means, contributing to the phenomenon of immune escape. 38,39 We observed that T cell CD4 memory
activation, T cell regulation (Treg), and macrophage M0 were positively correlated with a risk score, while
T cells gamma delta, mast cells, and macrophage M1 were negatively correlated with a risk score. It was
shown that increased numbers of Treg cells in the tumor microenvironment and the ability to attenuate
effector T cells suppressed tumor immunity,40,41and that T cells gamma delta effectively-recognized and
killed tumor cells, thereby regulating multiple mechanisms to inhibit tumor progression.42The high
m7G_score group exhibited immunosuppressive features and T cell regulatory were associated with high
m7G_score, while T cells gamma delta were associated with low m7G_score, again suggesting that the
subtype A is immunosuppressive, having a poorer prognosis and lower immunogenicity, which was
similarly validated by the fact that multiple immune checkpoints were higher in the high m7G_score
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group than in the low m7G_score group. It indicates that molecular subtypes constructed using m7G-
related genes can provide new insights in immunotherapy.

Finally, by integrating the m7G_score and TNM staging, we established a quantitative nomogram, which
further improved the performance and facilitated the use of the m7G_score. This prognostic model can
be used to stratify HCC patients' prognosis, help understand the molecular mechanisms of HCC better
and provide new ideas for comprehensive treatment.

5. Conclusion
We identi�ed two subtypes with different clinical and immunological characteristics in HCC by m7G-
related genes. The comprehensive analysis revealed a wide range of regulatory mechanisms affecting
tumor clinicopathological characteristics, tumor microenvironment and prognosis, which provides new
ideas to guide personalized treatment strategies for HCC patients.
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Figures

Figure 1
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Genetic and transcriptional alterations of m7G-related genes in HCC. (a) Mutation frequencies of eighteen
m7G-related genes from the TCGA-LIHC cohort. (b) Frequency of CNV in m7G-related genes. (c) Location
of CNV alterations in m7G-related genes on twenty-three chromosomes. (d) Expression distributions of
eighteen m7G-related genes between normal and HCC tissues. HCC, hepatocellular carcinoma; CNV, copy
number variant.

Figure 2

Fifteen m7G-related genes with signi�cant survival differences.



Page 14/19

Figure 3

Characteristics of two m7G-related genes subtypes obtained by unsupervised clustering analysis. (a)
Consensus matrix heatmap de�ning two clusters (k = 2). (b) PCA analysis revealed differences in the
transcriptomes of the two m7G-related gene subtypes. (c) Survival analysis for two m7G-related genes
subtypes. (d) Clinicopathological characteristics and expression differences between the two m7G-related
genes subtypes.
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Figure 4

Correlation of two m7G-related genes subtypes of HCC and TME. (a) GSVA of a biological pathway
between two m7G-related genes subtypes. (b) An abundance of 23 in�ltrating immune cells in two m7G-
related genes subtypes. HCC, hepatocellular carcinoma; TME, tumor microenvironment; GSVA, gene set
variation analysis.
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Figure 5

Identi�cation of gene subtypes based on DEGs. (a) GO and KEGG enrichment analysis of DEGs among
two m7G-related gene subtypes. (b) Kaplan-Meier curves for the three gene subtypes. (c) Differences in
the expression of eighteen m7G-related genes between three gene subtypes.

Figure 6



Page 17/19

Characteristic of m7G_score. (a) Alluvial diagram of subtype distributions with m7G_score and survival
status. (b) Differences in m7G_score between distinct m7G-related genes subtypes. (c) Differences in
m7G_score between distinct gene subtypes. (d) The ranked dot plot, scatter plot and heatmap of
m7G_score distribution in training group, (e) Survival analysis between the high- and low-risk group in
training group. (f)ROC curves to predict the sensitivity and speci�city of 1-, 3-, and 5-year survival
according to the m7G_score in training group.

Figure 7

Western blot and qRT-PCR results of subtype-related prognostic genes. (a) Expression of ADM, UCK2,
PRKCD, NQO1 and UGT2B15 in tissues by western blotting (n =4 for each group). (b) Relative values of
ADM, UCK2, PRKCD, NQO1 and UGT2B15 in the tissues mentioned in (a), GAPDH was as the internal
control. (c) The mRNA expression of ADM, UCK2, PRKCD, NQO1 and UGT2B15 in liver tissue samples by
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qRT-PCR (2-ΔΔCт n=5 .(d). Prognostic values of dysregulated ADM, UCK2, PRKCD, NQO1 and UGT2B15
in liver tissues, as analyzed by Kaplan-Meier Plotter. Data are presented as mean ± SD.*, P < 0.05; **, P <
0.01; ***, P < 0.001.

Figure 8

Evaluation of TME and immune checkpoints in both groups. (a) Correlation between m7G_score and
immune cell types. (b) Correlation between immune cell abundance and �ve genes in m7g_score model.
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(c) Expression of immune checkpoints in both groups. TME, tumor microenvironment.

Figure 9

Construction of a nomogram. (a) Nomogram for predicting 1-, 3-, and 5-year survival in HCC patients. (b)
Calibration curves for the nomogram were used to predict 1-, 3-, and 5-year survival.
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