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Background: Increasing evidence indicates a crucial role for N7-methylguanosine
(m7G) methylation modification in human disease development, particularly cancer,
and aberrant m7G levels are closely associated with tumorigenesis and progression
via regulation of the expression of multiple oncogenes and tumor suppressor genes.
However, the role of m7G in sarcomas (SARC) has not been adequately evaluated.

Materials and methods: Transcriptome and clinical data were gathered from the
TCGA database for this study. Normal and SARC groups were compared for the
expression of m7G-related genes (m7GRGs). The expression of m7GRGs was verified
using real-time quantitative PCR (RT-gPCR) in SARC cell lines. Then, differentially
expressed genes (DEGs) were identified between high and low m7GRGs expression
groups in SARC samples, and GO enrichment and KEGG pathways were evaluated.
Next, prognostic values of m7GRGs were evaluated by Cox regression analysis.
Subsequently, a prognostic model was constructed using m7GRGs with good
prognostic values by Lasso regression analysis. Besides, the relationships between
prognostic m7GRGs and immune infiltration, clinical features, cuproptosis-related
genes, and antitumor drugs were investigated in patients with SARC. Finally, a ceRNA
regulatory network based on m7GRGs was constructed.

Results: The expression of ten m7GRGs was higher in the SARC group than in the control
group. DEGs across groups with high and low m7GRGs expression were enriched for
adhesion sites and cGMP-PKG. Besides, we constructed a prognostic model that
consists of EIF4A1, EIF4G3, NCBP1, and WDR4 m7GRGs for predicting the survival
likelihood of sarcoma patients. And the elevated expression of these four prognostic
m7GRGs was substantially associated with poor prognosis and elevated expression in
SARC cell lines. Moreover, we discovered that these four m7GRGs expressions were
negatively correlated with CD4" T cell levels, dendritic cell level and tumor purity, and
positively correlated with tumor mutational burden, microsatellite instability, drug
sensitivity and cuproptosis-related genes in patients with sarcomas. Then, a triple
regulatory network of mRNA, miRNA, and IncRNA was established.

Conclusion: The current study identified EIF4AL, EIF4G3, NCBP1, and WDR4 as prognostic
genes for SARC that are associated with m7G.These findings extend our knowledge of m7G
methylation in SARC and may guide the development of innovative treatment options.
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Introduction

Sarcoma (SARC) is a very heterogeneous malignant solid tumor
with more than 100 subtypes (Fornaciari, 2018; Siegel et al., 2019).
Sarcomas can occur at any age, but are more prevalent among
teenagers and young adults (Reed et al., 2019). Standard therapies
for sarcomas include surgery, radiation, and chemotherapy;
nevertheless, these approaches had some limitations. Only a few
kinds,
rhabdomyosarcoma were applicable to chemotherapy and targeted
therapy (Harwood et al., 2015; Hiniker and Donaldson, 2015; Paprcka
et al., 2022). The metastasis rate of sarcomas within 5 years is as high

.
such as  osteosarcoma, Ewing’s sarcoma, and

as 50%, and only 5% of patients with sarcoma metastases survived for
5years (Brennan et al,, 2014; Zhu et al., 2020), despite the fact that
surgery and radiation can eliminate sarcomas. Therefore, there is an
immediate need to find novel sarcoma treatment strategies.

There are more than 160 kinds of chemical modification in RNA
(Boccaletto et al., 2018; Mathlin et al., 2020). In both eukaryotes and
prokaryotes, RNA methylation is a common post-transcriptional
alteration (Courtney et al, 2019; Chen et al, 2021). N6-
(m6A),  C5-methylcytidine  (m5C), N7-
methylguanosine (m7G) and 2’-O-methylation were included in
RNA methylation according to the different methylation sites
(Zhang et al., 2021). RNA splicing (Zhao et al.,, 2014; Xiao et al,
2016), stability (Wang et al., 2014), translation (Meyer et al., 2015;
Wang et al.,, 2015), DNA damage repair (Xiang et al., 2017) were
regulated by RNA methylation, which then affected the occurrence
and development of cancer (Li et al., 2017a; Zhang et al., 2017; Wang
et al, 2019a). m7G is a kind of RNA methylation modification
involving the addition of a methyl group to the seventh N position
of RNA guanine (G) (Zhang et al., 2021). m7G modification is one of
the most common forms of base modification in post-transcriptional

methyladenosine

regulation, which is broadly distributed in the 5’cap region of tRNA
(Guy and Phizicky, 2014), rRNA (Sloan et al, 2017), siRNA
(Pandolfini et al, 2019) and eukaryotic mRNA (Lin et al.,, 2018).
The methyltransferase-like 1 (METTL1) and WD repeat domain 4
(WDR4) complex, which was a member of m7GRGs, primarily
governed the processing, metabolism, and function of RNA
(Alexandrov et al,, 2002; Malbec et al,, 2019). m7G methylation of
tRNA and miRNA played a crucial role in the occurrence and
development of cancers, such as liver cancer (Li et al., 2022), lung
cancer (Ma et al.,, 2021), and colon cancer (Chen and Liu, 2021).
However, few investigations on m7GRGs in sarcomas have been
conducted.

The immune system has a considerable influence on sarcomas
progression. Immune checkpoints and their ligands are expressed on
the surface of various effector lymphocytes (Heinrich et al., 2018; Jiang
et al., 2018). Sarcomas with a greater number of mutations are
genetically heterogeneous and tend to have multiple neoantigens
that can be targets for T cells and thus represent promising
candidates for immune check-point inhibitors therapies. However,
sarcomas with less mutated yet expresses immunogenic self-antigens
(Nakata et al., 2021; Wang et al., 2021). Therefore, strategies to
improve antigen presentation and T -cell infiltration may allow for
successful immunotherapy. Therefore, the strategies of sarcoma and
antigen presentation, T cell infiltration, and immune checkpoints may
contribute to the success of immunotherapy.

A systematic bioinformatics investigation of m7GRGs in sarcomas
was conducted in this study. Gene expression and mutation rates in

Frontiers in Genetics

10.3389/fgene.2023.1101683

sarcoma tissues were analyzed based on 27 m7GRGs. They were split
into two subtypes by consensus clustering, and the signaling pathways
of DEGs enrichment were analyzed. Prognostic m7GRGs in sarcomas
were also analyzed using logrank test and univariate regression
analysis. Cell experiment results revealed that prognostic m7GRGs
are abundantly expressed in sarcoma cell lines. A prognostic model for
predicting the overall survival (OS) and disease-specific survival (DSS)
of sarcoma patients was created. There was a significant correlation
between prognostic m7GRGs and immune cell infiltration, tumor
mutation burden (TMB), microsatellite instability (MSI), and drug
sensitivity. Moreover, there was a strong connection between
m7GRGs and cuproptosis-related genes. Finally, ceRNA regulatory
networks were constructed to screen the IncRNA-miRNA-mRNA
networks that might affect the prognosis of patients with sarcoma.
Our findings underscored the significance of m7GRGs in the
formation of sarcomas, laying the groundwork for the use of m7G
regulators in the treatment of sarcomas.

Materials and methods
Data sources and preprocessing

29 m7GRGs were identified based on published data in this study,
including AGO2, CYFIP1, DCP2, DCPS, EIF3D, EIF4Al, EIF4E,
EIF4E2, EIF4E3, EIF4G3, GEMINS5, IFIT5, LARP1, LSMI,
METTL1, NCBP1, NCBP2, NCBP2L, NCBP3, NSUN2, NUDT10,
NUDTI11, NUDT16, NUDT3, NUDT4, SNUPN, and WDR4. In
contrast, neither NUDT4B nor EIF4E1B was expressed in sarcomas
within the TCGA dataset. Consequently, the remaining 27 m7GRGs
were used for further analysis. Clinical information regarding
sarcomas and m7GRGs expression was gathered from The Cancer
Genome Atlas (TCGA) database for this investigation. (https://portal.
gdc. cancer.gov//) (Tomczak et al, 2015). This study included
260 instances of sarcoma and two samples of non-cancerous tissue.
The data utilized in this study were standardized data per million
transcripts and their data distribution was close to the normal
distribution, which was realized by R software (v4.0.3) “ggplot2”.
Gene expression data were extracted to construct data matrices, which
were then analyzed using wilcox test.

Identification of molecular subgroups

Firstly, 27 m7GRGs were retrieved from the TCGA expression
matrix. Consistency analysis was performed using the R software
package Consensus Cluster Plus (v1.54.0), and the maximum number
of clusters based on the consistent grouping of the twenty-seven genes was
six (Wilkerson and Hayes, 2010). The cases of TCGA-SARCREAD
disease were divided into two clusters based on the expression profile
of m7GRGs. This procedure was repeated one hundred times to confirm
the stability and reproducibility of the classification.

Identification and functional enrichment
analysis of DEGs

The DEGs between C1 and C2 subtypes were obtained by using
the Limma package (version 3.40.2) in R software (Ritchie et al., 2015).
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The adjusted p-value was analyzed in the TCGA database to correct
the false positive results. “Adjusted p < 0.05 and log2 (multiple
changes) > 1.5 or log2 (multiple changes) <-1.5"was defined as the
criteria for screening differential expression of mRNA. Gene MANIA
(http://www.genemania.org) (Warde-Farley et al., 2010) is a software
that elucidates the relationship between genes and data sets by
building a network of gene interactions. In this study, Gene
MANIA software was used to visualize the gene network of
m7GRGs in
prediction, co-mapping, and genetic interaction, as well as to assess
its function. STRING database (https://string-db.org/) (version 11.0)
(Szklarczyk et al., 2019) is a search tool for analyzing biological gene or

terms of physical interaction, co-expression,

protein interactions, including biological databases and networks for
identified
differentially expressed m7GRGs were investigated using a PPI

and predictable protein-protein interactions. Four
network to determine their interaction. The GO function and the
enrichment of KEGG pathways were analyzed using “cluster Profiler”
R packet (Yu et al, 2012). In addition, other potential biological
pathways were identified using GSEA (http://software.broadinstitute.
org/gsea/index.jsp) (Powers et al., 2018). According to TCGA data,
DEGs were classified into upregulated and downregulated categories.
10000 gene combinations were performed to identify pathways with
significant changes in each analysis. The genes were regarded as
enriched to meaningful pathways when p. adjust <0.05 and FDR
(false discovery rate) < 0.25 (Ge et al.,, 2021). Statistical analysis and

graphing were performed using the R package cluster profile (3.18.0).

Immune infiltration, and immune checkpoint-
related genes expression in two subgroups

The R software package immunedeconv (Sturm et al., 2020) was
used for immune score assessment to compare the degree of immune
cell infiltration in C1 (N = 156) and C2 (N = 104) subgroups by
Wilcoxon test, by integrating six state-of-the-art algorithms, including
TIMER, xCell, MCP-counter, CIBERSORT, EPIC, and quantTIseq.
The expression of some immune checkpoint-related genes was also
analyzed. The results were visualized through the R (v4.0.3) packages
“ggplot2” and “pheatmap.” The abundance of immunized cells
infiltrated was analyzed through TIMER (https://cistrome.
shinyapps. io/timer/) database (Li et al, 2017b) and TCGA
database. In addition, the infiltration level of immune cell types
was quantified by single sample GSEA (ssGSEA) in R packet
“GSVA” (Hanzelmann et al., 2013).

Expression of m7GRGs and survival analysis

The expression of m7GRGs in 260 sarcoma tissues and two
paracancerous tissues was examined using the TCGA database. In
addition, univariate Cox regression analysis was used to investigate the
effect of m7GRGs on the prognosis of sarcomas. The logrank test and
univariate Cox regression were used to derive Kaplan-Meier curves, p
values, and hazard ratios (HR) with 95% confidence intervals (CI).
Four m7GRGs (EIF4A1, EIF4G3, NCBP1, WDR4) with higher hazard
ratios were screened from the Cox regression analysis plot. In addition,
the relationship between the prognostic m7GRGs and the OS rate in
sarcoma patients was analyzed, and the Area Under Curve under the
receiver operator characteristic (ROC) curve was calculated.
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TABLE 1 Primer sequences of genes.

Real-time quantitative PCR primer sequence

Gene Sequence (5'- 3’ on minus strand)
GAPDH Fwd: GGAGCGAGATCCCTCCAAAAT
Rev: GGCTGTTGTCATACTTCTCATGG
EIF4A1 Fwd: ATGGCACTAGGAGACTACATGG
Rev: CCACGGCTTAACATTTCGTCA
EIF4G3 Fwd: CCTAGAGCTACCATCCCGAAC
Rev: GGGCCACTATGACGGTACTG
NCBPI Fwd: GGAGAGCAACCTAGAAGGCTT
Rev: AGGTAATAGGCGTGCAACTGT
WDR4 Fwd: TAACCGATGACAGTAAGCGTCT

Rev: TCTCCTCCGAGGCTATGAAAG

Cell lines and culture conditions

Cell lines such as 143B, SW982, SW872, osteoblast cell line (hFOB1.19,
Punosai, Wuhan, China), synovial fibroblast (HFLS, Jennio Biotech,
Guangzhou, China) and human preadipocyte line (HPA-v, sciencell)
were used in this study. All cell lines were cultured in Dulbecco modified
Eagle medium (DMEM; Gibco, Grand Island, NY, United States)
supplemented containing 10% fetal bovine serum (Gibco, Grand Island,
NY, United States), 100 U/ml penicillin and 100 U/ml streptomycin
(Invitrogen, Carlsbad, CA, United States). The hFOB1.19 cell line was
cultured in an incubator containing 5% CO, at 34°C. The remaining
cells were cultured in an incubator containing 5% CO, at 37°C.

RT-gPCR

Total RNA was extracted from cultured cells using high-purity RNA
separation kits (Roche Diagnostics, Mannheim, Germany) and DNase I
(Roche Diagnostics, Sigma-Aldrich) according to the manufacturer’s
instructions. RNA was immediately reverse-transcribed using HiScript
®II 1st Strand cDNA Synthesis Kit (MR101-01 MR101 V azyme, Nanjing,
China) according to the manufacturer’s instructions. Then, AceTaq
®qPCR SYBR Green Master Mix (Q121-03 azyme V azyme, China)
was used for quantitative RT-PCR. The amplification conditions were:
pre-denaturation at 95°C for 30 s, denaturation at 95°C for 5 s, annealing
at 60°C for 30 s, and a total of 40 cycles according to 1 (1 mol primer, 10 ng
sample, 0.08 w mol ROX dye, and 2 x SYBR Green Pro TaqHS Premix ||
hybrid setting 20 pL Reaction system. Several specific primer sequences
(Gene Pharma, China) were designed. The primer sequences are listed in
Table 1. For PCR analysis, the mean cycle threshold (Ct) value of each
target gene was standardized to that of the housekeeping gene GAPDH.
The results were shown in a fold change using the 27T method.

Construction and validation of the m7GRG
prognostic model

A prognostic model was constructed using LASSO-Cox regression
analysis based on the above prognostic m7GRGs. The prognostic
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m7GRG risk score was calculated as follows: Risk score = Y1
Coefficient (mRNAi) x Expression (mRNAi) according to the
results of multivariate Cox regression analysis. Next, TCGA-SARC
patients were divided into low-risk and high-risk subtypes according
to the average risk score. The OS rates of the two subgroups were
compared using Kaplan-Meier analysis, and time ROC research was
done to estimate the accuracy of the model. The optimal truncated
expression value is determined by the “surve_cutpoint” function of the
“surviver” R package. According to the threshold value, the GSE17674,
GSE71118, and GSE21050 data set patients downloaded from the
GEO database are divided into high expression and low expression
subgroups, further verifying the above results. The risk score of each
included patient was calculated using the same model based on the
characteristics of prognostic genes. Next, Kaplan-Meier and ROC
curve were used to verify the predictive value of prognostic gene
markers.

Building a predictive nomogram

Each variable (including the p-value, and HR with 95% CI) was
presented using univariate and multivariate cox regression analysis
and forest plots by the “forest plot” package. The “rms” package was
used to develop a Nomogram model for predicting 1, 3, and 5-year OS
and DSS based on the results of multivariate cox proportional hazards
analysis.

Mutation analysis

CBioPortal (The cBio Cancer Genomics Portal) (http://www.
cbioportal.org/index) provided a visual tool (Gao et al, 2013) for
analyzing cancer gene data. Based on the TCGA database, cBioPortal
was used to analyze the genomic map of m7GRGs to comprehend the
mutation frequency in sarcomas.

TMB, MSI, ESTIMATE score, and drug
sensitivity

The relationship between Prognostic m7GRGs in sarcomas and
TMB, MSI, and ESTIMATE score was analyzed using Spearman’s
method. The chemotherapeutic response was predicted for each
sample using the GDSC database (https://www.cancerrxgene.org/)
(Yang et al,, 2013). The half-maximum inhibitory concentration
(IC50) of chemotherapeutic medicines was determined using ridge
regression using the R package pRRophetic. Drug sensitivity and gene
expression profiling data from cancer cell lines in the GDSC database
were integrated in this study.

Single cell analysis

The effect of prognostic m7GRGs on the expression of single cell
subsets in the tumor microenvironment (TME) was investigated using
TISCH (http://tisch.comp-genomics.org/) (Sun et al., 2021). TISCH is
a scRNA-seq database that focuses on the TME and provides thorough
annotation of single-cell cell types. Immune cells, stromal cells, and
malignant cells were presented in this dataset. The t-distributed
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stochastic neighborhood embedding (t-SNE) map of SARC_
GSE119352_mouse_ aPD1aCTLA4 and the heatmap of SARC_
GSE119352_mouse_aPD1aCTLA4 were exhibited using the TISCH
database to illustrate the effect of m7GRGs on the TME of sarcoma.
The scatter diagrams of the correlation between immune infiltration
levels between m7GRGs and tumor-associated fibroblasts (CAFs)
were drawn by TIMER2.0 (http://timer.cistrome.org/) (Li et al., 2020).

Cuproptosis-related gene expression analysis

The correlation between prognostic m7GRGs and cuproptosis-
related gene expression in two hundred and sixty sarcoma samples was
analyzed, and the difference in cuproptosis-related gene expression
between the C1 group (N = 156) and C2 group (N = 104) was
investigated. The genes FDX1, LIAS, LIPT1, DLD, DLAT, PDHAI,
PDHB, MTF1, GLS, CDKN2A, SLC31A1, and ATP7B linked to
cuproptosis were examined.

Competing endogenous RNA network
construction

Potential miRNA targets of prognostic CRGs were predicted
using the ENCORI (http://starbase.sysu.edu.cn/) database (Li et al.,
2014) and RNA22 (https://cm.jefferson.edu/rna22/interactive)
database (Loher and Rigoutsos, 2012). The prognostic value of
these putative miRNA targets in sarcomas was also confirmed
using ENCORI, Kaplan-Meier Plotter, and TCGA-SARC cohort.
The probable binding of IncRNAs to prognostic miRNAs was then
predicted using the miRNet database (Chang et al., 2020) and
ENCORI database. A miRNA-IncRNA regulatory network was
established by Cytoscape (version 3.7.1; http://www.cytoscape.org/
) software (Shannon et al., 2003). The prognostic significance of
these possible IncRNA targets in sarcomas was investigated further.

Finally, a IncRNA-miRNA-mRNA regulatory network was
established.
3 Results

RNA-seq transcriptional group data of
m7GRGs in sarcomas

The flowchart of the study is illustrated in Figure 1. TCGA
dataset was used to investigate the expression of twenty-seven
m7GRGs in sarcomas and para-cancerous tissues. In cancer
tissues, the expression of WDR4, NUDT3, NCBP1, DCP2,
EIF4A1l, NSUN2, CYFIPI1, EIF4G3, GEMIN5, and AGO2 was
upregulated compared with para-cancerous tissues (Figure 2A).
In addition, the cBioPortal database was used to investigate the
genetic variations of prognostic m7G in order to comprehend the
etiology of m7GRG diseases. Eighty percent of the 255 sarcoma
patients exhibited m7G regulatory gene alterations indicating a
high frequency of somatic mutations in the m7GRGs of
sarcomas. Figure 2B compares the mRNA expression z-scores
of m7GRGs in sarcoma tissues with para-cancerous tissues.
These that m7GRGs are
associated with sarcomas.

findings demonstrated closely
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The flowchart of the present study.
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Identification and analysis of m7GRG clusters
in sarcomas

The interaction between 27 m7GRGs was analyzed in order to
comprehensively study the role of m7G modification in sarcomas. The
protein-protein interaction network result showed a close relationship
between m7G-related proteins (Figure 3A). In addition, Pearson
correlation analysis was conducted to explore the correlation
between the expression patterns of 27 m7GRGs in TCGA data sets.
These results showed that most of the 27 m7GRGs were positively
correlated (Figure 3B). Therefore, the biological function of these
27 m7GRGs and sarcomas were intimately related. 260 sarcoma
samples were clustered in the TCGA database using consensus
clustering to identify potential m7GRG clusters. All tumor samples
were classified into k (k = 2-6) distinct clusters based on the
expression of 27 m7GRGs in sarcomas. Subsequently, according to
the cluster analysis findings, the number of clusters was set at two,
suggesting that the sarcoma patients were properly split into two
clusters (C1 and C2 clusters) (Figures 3C-F).

DEGs and functional enrichment analysis

4,266 upregulated and 573 downregulated genes were included in
the DEGs identified between C1 and C2 subtypes. Then, a volcano
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map (Figure 4A) and a heat map (Figure 4B) were constructed based
on these DEGs. RNA cap binding, translation regulatory activity,
translation initiation, nucleotide diphosphatase activity, translation
factor activity, RNA binding, and nucleic acid binding were among the
processes associated with the functions of the significantly co-
expressed genes in this network, as determined by GeneMANIA.
(Figure 4C). The identified up-and-down-regulated DEGs were
further subjected to GO and KEGG enrichment analysis. Biological
process (BP) analysis showed that the DEGs were mainly concentrated
in myofibril assembly, cell junction assembly, DNA replication, cell
cycle phase transition regulation, and extracellular matrix tissue. The
Cell Composition (CC) analysis revealed that the majority of DEGs
were found in contractile fibers, myofibril, sarcomere, extracellular
matrix containing collagen, cell-matrix junction, adhesion plaque.
Molecular Function (MF) analysis showed that the DEGs were
mainly concentrated in actin binding, extracellular matrix
structural components, adenylate cyclase binding, tubulin binding,
and collagen binding. The DEGs were most abundant in adhesion
plaque, cGMP-PKG signal route, cAMP signal pathway, ECM-
receptor interaction, and cell cycle, as determined by KEGG
analysis (Figure 4D; Supplementary Table S1). The results of Gene
Set Enrichment Analysis (GESA) showed that m7GRGs were tightly
associated with adhesion plaque, cell cycle checkpoint, DNA repair,
TP53 transcriptional regulation, and EGFEGEFR signal pathway. Due

to the activation of these pathways, the likelihood of tumor
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development and progression was raised (Figure 4E; Supplementary
Table S2).

Analysis of the correlation between immune
infiltration and immune checkpoints

The results showed that the expression of m7GRGs was closely
related to tumor-infiltrating immune cells, which included CD4"
T cells, CD8" T cells, B cells, NK cells, macrophages, myeloid
dendritic cells, monocytes, endothelial cells, and neutrophils
(Figures 5A, B; Supplementary Figures SIA-E). Finally, the results
of immune checkpoints’ expression showed significant differences in
CD274, HAVCR2, PDCDI, and TIGIT between the two subtypes
(Figure 5C), and m7GRGs might be a predictive marker for the
treatment of sarcomas by targeting immune checkpoints.

DEGs clinicopathological characteristics and
prognostic models

Clinical characteristics of patients with sarcoma from TCGA
cohort (Supplementary Table S3). To determine the clinical
importance of m7GRGs in sarcoma tissues, the connection between
the expression of C1 and C2 subtypes and various clinicopathological
characteristics was examined using the TCGA database. The research
revealed substantial differences between group Cl1 and group C2 in
gender, race, and new tumor type (Supplementary Figure S3).
Univariate Cox regression analysis was performed to identify
prognostic m7GRGs. Survival analysis suggested that EIF4Al,
EIF4G3, METTLI1, NCBP1, NCBP3, and WDR4 were potential risk
factors for OS (Figure 6A). Moreover, AGO2, EIF4G3, NCBPI, and
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WDR4 were potential risk factors for DSS in sarcomas. The mRNA
expression of EIF4A1, EIF4G3, NCBP1, and WDR4 in sarcomatous
cell lines (143B, SW982, and SW872) was considerably upregulated
compared to their equivalent normal cell lines (Figure 6B). Based on
the above prognostic analysis, Kaplan-Meier survival curve revealed
that the OS rate of sarcoma patients with high expression of EIF4A1
(HR =1.64, p =0.016), EIF4G3 (HR = 2.52, p = 0), NCBP1 (HR = 1.74,
p =0.007) and WDR4 (HR = 1.98, p = 0.001) was lower. (Figures 6C,
D). Consequently, four genes with prognostic values (EIF4Al,
EIF4G3, NCBP1, and WDR4) were identified.

Construction and validation of the m7GRG
prognostic model by TCGA dataset and
external databases

A prognostic gene model was constructed using LASSO Cox
regression analysis based on prognostic m7GRGs (Figure 7;
Supplementary Figures S3A, B). Risk score = (0.1472) *EIF4A1 +
(0.4087)*EIF4G3 (-0.2538)*NCBP1 + (0.6578)*WDR4 was applied to
the calculation of OS in sarcoma patients. Sarcoma patients were
divided into two groups according to the risk scores, survival status,
and the expression of EIF4A1, EIF4G3, NCBP1, and WDR4 (Figures
7C, D). The risk of mortality rose and survival duration reduced with
the rise of risk score (Figure 7C). Sarcoma patients with high-risk
scores had a decreased likelihood of OS (median time =4 years, p = 6e-
5) according the result of the Kaplan-Meier curve (Figure 7D). The
area under the ROC curve (AUC) for the 1-year, 3-year and 5-year
ROC curves were 0.724, 0.638, and 0.718 respectively (Figure 7E). The
same analysis was carried out on the analysis of DSS. Sarcoma patients
were divided into two groups based on the distribution of risk scores,
survival status, and expression of EIF4G3 and WDR4 (Supplementary
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low expression.

Figures S3C, D) and the risk score = (0.1036)*EIF4G3 + (0.5255)
*WDR4 was applied to the calculation of DSS. The DSS is shorter the
higher the patient’s risk score (HR = 1.974 95% CI = 1.259-3.095, log-
rank p = 0.00302) (Supplementary Figures S3D). The area under the
ROC curve (AUC) in the 1-year, 3-year, and 5-year ROC curves was
0.696, 0.621, and 0.693, respectively (Supplementary Figure S3E). The
prognostic m7GRG model showed a substantial correlation between
sarcoma patient survival rate and m7GRGs. In order to verify the
predictive value of the four gene characteristics, we calculated the
patient’s risk score GEO data set (GSE17674, GSE71118 and
GSE21050) using the same formula, which was consistent with the
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Identification of common clusters based on the expression of m7GRGs. (A) Protein-protein interaction of twenty-seven m7GRGs; (B) Pearson
correlation analysis of twenty-seven m7GRGs expressions in sarcomas; (C) cumulative distribution function (CDF) (k = 2—6); (D) relative change of area under
CDF curve (k = 2-6); (E) consensus clustering matrix (k = 2). (F) The heat map of m7GRG expression in different subgroups; red for high expression and blue for

results of the TCGA cohort. Distribution of risk score, survival time
and m7GRGs expression in each SARC patient (Supplementary
Figures S4A, S5A, S6A). The OS of patients in the high-risk group
was significantly lower than those in the low-risk group (p = 0.00137,
p =0.000474 and p = 0.00107) (Supplementary Figures S4B, S5B, S6B).
The AUC of 1-year, 3-year and 5-year OS is 0.703, 0.637 and
0.709 respectively (Supplementary Figutre S4C), 0.521, 0.55, and
0.528 respectively (Supplementary Figure S5C) and 0.509, 0.54 and
0.53 respectively (Supplementary Figure S6C). To sum up, these
results confirm the effectiveness of our risk scoring model. The
four gene characteristics can predict OS in SARC.
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composition; MF, molecular function.

Building of a predictive nomogram

A predictive nomogram was built to predict the survival
probability of sarcoma patients. The results of the univariate and
multivariate analyses revealed that WDR4 expression and race were
independent factors affecting the prognosis of sarcoma patients
(Figures 8A, B; Supplementary Figures S7A, B). The predictive
nomogram suggested that the 3-year and 5-year OS rates and
DSS rates were accurately predicted compared with an ideal
model in the entire cohort (Figures 8C, D; Supplementary Figures
$7C, D).
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Prognostic m7GRGs interfere with immune
cell infiltration in sarcomas

The correlation between the expression of prognostic m7GRGs
(EIF4A1, EIF4G3, NCBP1, WDR4) and immune infiltration in
sarcomas was investigated using the TIMER database and TCGA
database. According to TIMER data, EIF4G3, and NCBP1 were
negatively connected with CD4" T cells and dendritic cells,
however, EIF4A1 and WDR4 were not substantially correlated with
immune cell infiltration in sarcomas (Figure 9A). Higher amounts of
CD4" T cells and neutrophils were associated with a better prognosis,
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as determined by immune survival testing. In addition, the prognosis
was worse the greater the expression of EIF4G3 and NCBP1
(Figure 9B). Then, the infiltration of twenty-four immune cell types
in sarcomas was determined using ssGSEA method, and the
relationship between prognostic m7GRGs and immune cell
infiltration was studied by Spearman analysis. The results showed
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that the high expression levels of prognostic m7GRGs were
significantly negatively correlated with most immune cells.
EIF4G3 and NCBP1 were positively correlated with T helper cells,
Th2 cells, but negatively correlated with pDC, Cytotoxic cells, DC,
T cells. In addition, EIF4A1 and WDR4 were positively correlated with
T helper cells, and Th2 cells and negatively correlated with Mast cells,
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DEGs and prognostic models. (A) Analysis of four prognostic m7GRGs from univariate Cox regression analysis plots; (B) mRNA expression of prognostic
m7GRGs in sarcoma cell lines and the corresponding normal cell lines; (C, D) Prognostic value of four m7GRGs (EIF4Al, EIF4G3, NCBP1, and WDR4) in

sarcoma patients (OS curve of high/low expression group).

pDC, DC, NK cells, and Cytotoxic cells (Supplementary Figure S8A).
Furthermore, EIF4G3, NCBP1, and WDR4 were negatively correlated
with the ESTIMATE score (Supplementary Figure S8B). The findings
demonstrated a correlation between m7GRGs

and immune

infiltration of tumors.

TMB, MSI, and drug sensitivity analysis

The correlation between prognostic m7GRGs and TMB, MSI was
analyzed in sarcomas to determine whether m7GRGs can be used as
biomarkers for screening chemotherapeutic medications. MSI and
TMB may be utilized as predictors of the immunotherapy response of
certain cancers (Rizzo et al., 2021). The results showed that EIF4G3
(p=0.032), NCBP1 (p = 0.003), and WDR4 (p = 0.031) were positively
correlated with TMB (Figure 10A). EIF4A1 (p = 1.35e-04), EIF4G3
(p = 0.019), NCBP1 (p = 0.030), and WDR4 (p = 7.96e-05) were
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strongly positively associated with MSI (Figure 10B). Finally, the gene
expression patterns of cancer cell lines from the Genomics of Drug
Sensitivity in Cancer database were combined in order to
comprehensively investigate the potential therapeutic benefit of the
EIF4A1, EIF4G4, NCBP1, and WDR4 genes. The result of Pearson
correlation analysis showed that the expression of EIF4A1, EIF4G3,
NCBP1 and WDR4 was favorably correlated with Selumetinib,
Roscovitine, Lapatinib, Gefitinib, Erlotinib and Avagacestat, but
negatively correlated with Vismodegib, Tretinoin, JNK inhibitor
VIII, Etoposide, Embelin, Doramapimod, CCT018159 and Axitinib
(Figure 10C).

Single-cell RNA data analysis

Extracellular matrix (ECM), CAF, muscle fibroblasts, and immune
cells comprise the majority of TME. CD4Tconv, Tprolif, CD8T, NK,
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Construction of a prognostic m7GRG model. (A) LASSO coefficient profiles of prognostic m7GRGs, (B) Plots of the ten-fold cross-validation error rates.
(C) Distribution of the risk score, survival status, and the expression of prognostic m7GRGs in sarcomas. (D, E) OS curves of sarcoma patients in the high-/low-

risk group and the ROC curve for measuring the predictive value.

DC, Mono/Macro, Fibroblasts were annotated by single-cell RNA
sequencing analysis (Figure 11A). The results showed that EIF4A1,
EIF4G3, NCBPI,
fibroblasts and were strongly connected with immune cells, stromal
cells, and malignant cells (Figures 11B, C). Consequently, the

and WDR4 were considerably expressed in

relationship between m7GRGs expression and CAFs related
biomarkers was explored further. The correlation between m7GRGs
and CAF markers such as PDGFRA, PDGFRB, and S100A4 was
11D).
infiltration analysis was used to determine the correlation between
the prognostic m7GRGs and CAFs infiltration. The results showed
that EIF4A1 (n = 260, Rho = 0.263, p = 3.08¢—-05), EIF4G3 (n = 260,
Rho = 0.371, p = 2.23e-09), NCBPI1 (n = 260, Rho = 0.293, p =
3.14e-06) and WDR4 (n = 260, Rho = 0.172, p = 7.18e—03) were
positively correlated with CAFs infiltration (Figure 11E).

extensive (as shown in Figure Meanwhile, immune

Correlation between m7GRGs and
cuproptosis-related genes in sarcomas

Cuproptosis is a novel method of programmed cell death in which
copper may directly join with fatty acylation components in the
2022).
intimately associated with the progression of cancers such as

tricarboxylic acid cycle (Tsvetkov et al, Cuproptosis is
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kidney cancer, liver cancer, bladder cancer, etcetera (Zhang et al.,
2022a; Bian et al., 2022; Song et al., 2022). The correlation between
m7GRGs and cuproptosis-related genes was analyzed using the
Spearman correlation coefficient in order to explore the novel
mechanism of the occurrence and development of sarcomas. The
result demonstrated that prognostic m7GRGs were tightly associated
with cuproptosis-related genes (Figure 12A). EIF4G3
MTF1 exhibited a substantial positive connection (R = 0.535; p <
0.01), as did NCBP1 and MTF1 (R = 0.524; p < 0.01), NCBP1 and
SLC31A1 (R =0.539; p < 0.01), and WDR4 and SLC31A1 (R = 0.427;
p < 0.01). A scatter plot of the correlation between prognostic

and

m7GRGs and cuproptosis-related genes was created based on these
results (Figure 12B). In addition, most cuproptosis-related genes were
differentially expressed in the two sarcoma subtypes (Figure 12C). The
association between m7GRGs and cuproptosis-related genes was
validated by the aforementioned findings.

Prediction and validation of upstream key
miRNAs

The intersection of ENCORI and the RNA22 database yielded
50 pairs of EIF4A1-miRNAs, 83 pairs of EIF4G3-miRNAs, 47 pairs of
NCBP1-miRNAs, and 71 pairs of WDR4-miRNAs. Using Cytoscape, a
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possible miRNAs gene network was created. (Supplementary Figure
S9A). A negative correlation between the predicted mRNA and the
predicted miRNA was expected according to traditional mechanism of
miRNA in negative regulation of gene expression. One pair of
miRNA-EIF4Al1, 1 pair of miRNA-EIF4G3, 1 pair of miRNA-
NCBP1 and two pairs of miRNAs-WDR4 were substantially
negatively correlated among these miRNA-mRNA interactions
(Supplementary Figure S9B). Theoretically, miRNAs that bind to
high expression EIF4Al, EIF4G3, NCBP1, and WDR4 should be
down regulated in sarcomas and show poor prognosis. The
prognostic role and expression of these potential miRNAs in
sarcomas were further verified using the ENCOR1 database. The
findings revealed that only the low expression of hsa-miR-195-5p
had a substantial unfavorable prognosis (Supplementary Figure S9C).
WDR4-hsa-miR-195-5p might represent a critical pathway that
the of
incorporating the findings of correlation and survival study.

mediated incidence and  development sarcomas,

Prediction and validation of key IncRNAs
binding to potential miRNAs

LncRNAs bind to miRNAs, which provide a biological purpose by
modulating the expression of target genes. The IncRNAs potentially
binding to hsa-miR-195-5p were predicted by the intersection of
ENCORI and miRNet databases, yielding a total of 121 IncRNAs
13A). A miRNA-IncRNA

targeting hsa-miR-195-5p  (Figure
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regulatory network was established using Cytoscape software for
better visualization (Figure 13B). According to the ceRNA
hypothesis (Salmena et al, 2011), IncRNAs enhance mRNA
expression by binding competitively to miRNAs. Consequently,
IncRNAs were negatively correlated with miRNAs or positively
correlated with mRNAs. The ENCORI database identified the
association between IncRNAs and hsa-miR-195-5p, and the
findings indicated that 10 IncRNAs were substantially associated
with hsa-miR-195-5p and WDR4 (Supplementary Table S4).
Subsequently, the prognostic value of IncRNAs in sarcomas was
assessed by the Kaplan-Meier plotter. CASC9, LINC00922,
LINC00511, MEG3, MEGS, and SNHG16 were significantly related
to the poor prognosis of sarcoma patients (Figure 13C). Finally, a
critical mRNA-miRNA-IncRNA regulation network related to the
prognosis of sarcoma patients was identified (Figure 13D).

4 Discussion

RNA methylation is a prevalent method of RNA modification in
prokaryotic and eukaryotic cells. They may be divided into m6A, m5C,
and m7C according to distinct locations of methylation modification
(Zhang et al., 2021). m7G is the modification of RNA guanine (G) by
adding methyl group at the 7th N position (Zhang et al., 2021), mostly
in tRNA, rRNA, and mRNA 5’cap, which plays a crucial role in
maintaining RNA processing,

metabolism, stability, protein

translation (Ramanathan et al., 2016). Through m7G alteration of
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Prognostic m7GRGs intervene in immune infiltration in sarcomas. (A) Correlation between the abundance of immune cells and the expression of

prognostic m7GRGs in sarcomas; (B) The relationship between the expression

of EIF4A1, EIF4G3, NCBP1, WDR4, B cells, CD8" T cells, CD4* T cells,

macrophages, neutrophils, dendritic cells and the cumulative survival rate in sarcomas.

tRNA or miRNA, the METTL1/WDR4 complex influences the course
of several malignancies, such as liver cancer (Li et al,, 2022), lung
cancer (Ma et al.,, 2021), and colon cancer (Chen and Liu, 2021).
However, the role of m7G methylation modification in sarcomas
remains unclear. To guide future investigation of m7GRGs in
sarcomas, a bioinformatics analysis was performed on publicly
available sequencing data, and RT-qPCR was employed for
experimental validation.

Firstly, 27 m7GRGs were retrieved from the TCGA expression
matrix and separated into subgroups Cl and C2. m7G regulatory
genes showed high expression mainly in the C1 clusters. Subsequently,
The DEGs across Cl and C2 subtypes were evaluated, yielding
4,266 upregulated and 573 downregulated genes. The results of
GO, KEGG enrichment analysis showed that m7GRGs were mainly
involved in the biological functions of myofibril, collagen-containing
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extracellular matrix, adhesive plaque, DNA replication, as well as the
signaling pathways of adhesive plaque, cGMP PKG, cAMP, ECM
receptor interaction, cell cycle in sarcomas. The findings of the GSEA
enrichment study indicated that adhesion plaque, cell cycle
checkpoint, DNA repair, TP53 transcriptional regulation, and
EGFEGFR were among the probable biological processes and
pathways implicated in sarcoma by m7GRGs. These biological
functions and signaling pathways are intimately related to
tumorigenesis and progression (Tang et al., 2017; Mai et al., 2021).
Collagen subtype and modification may be used to predict the
metastatic potential of these sarcomas (Eisinger-Mathason et al,,
2013). Elevated cAMP signal transduction can be considered
carcinogenic in osteosarcoma (Naviglio et al., 2006; Danieau et al.,
2021). Further investigations are required to elucidate the signaling
pathway of m7GRGs in sarcomas.

frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1101683

Qin et al. 10.3389/fgene.2023.1101683
A e et e e e
5 5 5 . 5 t
g 4 g 4 g 4 g &
g 3 3 3 g 3 3 3 .
2 & ) a
2 £ g o Foo
1 :' l". 12 b ; AL A} 1=
ol P O——— o P ot
0 1 2 3 4 3 4 5 6 7 3 4 5 6 3 4 5 6
Log2 (EIF4A1 expression) Log2 (EIF4G3 expression) Log2 (NCBP1 expression) Log2 (WDR4 expression)
B 109{S)e14.52, p1 35004, fSpearmeans0 24, Chenl0 11, 0.35]. noame252 10g+{S}=14.86, pe0.019, fSpearmen=0 15, Cheal0 02, 027) roarss254. 10gW{S)=1467, pe0.030, fSpearman=0.14, Clasal0.01, 0.25] rpans254. 10ge(S)e14 54, pe7.966-05, Spearmans0 24, Cleai 12, 0.35], roars254.
0.7 0.7 0.7 . 0.7 =
Lo £06 £0.6 £06
2 2 2 2
7 17 7 7]
0.5 = 0.5 0.5 =05
o 1 2 3 4 3 04 5 6 7 3 4 5 6
Log2 (EIF4AL1 expression) Log2 (EIF4G3 expression) Log2 (WDR4 expression)
EIF4A1}: - = »— — T FARDARE S S S 3 R »— L3
EIF4G3 e S SRR Y S L L S e e e S . S
NCBP1- =+ 5 % ——~—5— 8 —+— @108 ¢ L e 52 —
WDR4|: : : : = S = : t 19t : @ » b B e S =t : .
Y P OLRORL L PR L2 X0 N0 P E 2200 a2 O NP0V o 5.2 0P, 22V 0.8 . o2 :©
R e R S R T i
B e I R R R N A N X R A S A SRS EH S oy T
I o 2%0\0649&2&_0%_;@0 RS A R X A PO R R A v NG
& ] g &G <@ T
) V& QO N
< & A 7
2 X
o
FIGURE 10

TMB, MSI and drug sensitivity. (A) Correlation between the expression of prognostic m7GRGs and TMB in sarcomas; (B) Correlation between prognostic
m7GRGs and TMB in sarcomas; (C) Correlation between prognostic m7GRGs and antitumor drugs in sarcomas.

The correlation between the expression of C1 and C2 subtypes and
various clinicopathological parameters was analyzed using TCGA
database. There were significant differences between C1 group and
C2 group in gender, race, and new tumor type. Prognostic m7GRGs
(EIF4A1, EIF4G3, NCBP1, and WDR4) were identified based on the
aforementioned expression level and prognosis analysis. Patients with
sarcoma who had high levels of EIF4A1, EIF4G3, NCBPI, and
WDR4 exhibited a lower OS rate. Eukaryotic initiation factor (eIF)
4F is a cytoplasmic complex consisting of three subunits: (i) eIF4E, a
cap-binding protein that interacts with the m7G mRNA cap structure,
(ii) eIF4G, as a protein scaffold, and (iii) eIF4A, an RNA helicase,
utilized to remodel mRNA templates to facilitate ribosome recruitment
(Pelletier and Sonenberg, 2019). EIF4A1 is the starting factor in the
chromosome 17p13 gene map. It is also known as EIF4A (Pelletier and
Sonenberg, 2019). EIF4A1 is associated with cancer cell malignancy,
tumor-specific survival, and drug sensitivity (Xu et al., 2013; Liang et al.,
2014; Modelska et al., 2015). circEIF4G3 is a novel form of circRNA that
may be generated by reverse splicing of the EIF4G3 transcript (Zang
et al.,, 2022). Circ-EIF4GS3 is a closed loop structure, without 5‘end cap
and 3’end of poly (A) tail, and is more stable (Wang et al., 2019b). Circ-
EIF4G3 may contribute to the progression of gastric cancer, lung cancer,
and other malignancies (Wang et al, 2019b; Huang et al, 2021).
NCPBI is a nuclear cap binding protein capable of heterodimerizing
with NCPB2 and NCPB3 to produce a nuclear cap-binding complex
(Gebhardt et al., 2015). Cap binding complex was discovered in HeLa
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cells for the first time. It may combine with the N7 methylguanine
(m7G) “cap structure” of freshly transcribed mRNA and coordinate
downstream RNA biogenesis, such as nuclear-cytoplasmic transport
and recruitment of translation factors in the cytoplasm (Izaurralde et al.,
1994; E Izaurralde et al., 1995; Calero et al,, 2002). Huijun Zhang et al.
found that NCBP1 may also accelerate lung cancer progression (Zhang
et al,, 2019a). WD repeat domain 4 (WDR4) is a member of the WD
repeat protein family, which is associated with several aspects of cell
development, such as cell cycle evolution, signal transduction, gene
regulation, and apoptosis (Michaud et al., 2000; Rastegari et al., 2020;
Ma et al, 2021). WDR4 performs a crucial part in a number of
malignant cancers (Zeng et al., 2021).

The four distinctive genes were evaluated using univariate,
multivariate, and LASSO Cox regression analysis (EIF4A1, EIF4G3,
NCBP1, and WDR4). Then, the risk distribution analysis, ROC curve
analysis and survival analysis were conducted. The results showed that
high expression of EIF4A1, EIF4G3, NCBP1, and WDR4 elevated the
risk score, and the high-risk group had a considerably shorter OS rate
than the low-risk group. WDR4 and race were also identified as
independent risk factors for sarcomas. An effective nomogram was
constructed to predict the 1-year, 3-year, and 5-year survival rates of
patients with sarcoma, indicating that WDR4 and race\ have a
significant influence on the prevalence and prognosis of sarcomas.

As a vital part of the tumor microenvironment, immune cells
played a crucial role in tumor progression (Thakkar et al., 2020).
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infiltration; Correlation analysis was completed by TIMER2.0; **p < 0.01; Cancer associated fibroblasts (CAFs).

Previous studies found m7GRGs expression in ovarian cancer (OC) is
significantly correlated with immune cells (involving CD4" memory
resting T cells, plasma cells, and Macrophages M1) (Zheng et al.,
2022). In Hepatocellular carcinoma high m7G risk led to a decreased
infiltration level of CD8" T cells, whereas it increased the infiltration
(Zhou al., 2022).
METTL1 expression was enhanced in HCC, accompanied by
increased CD11b CDI15 polymorphonuclear-myeloid-derived
suppressor cells (PMN-MDSCs) and decreased CD8 T cells.
Mechanistically, heat-mediated METTL1 upregulation enhanced
TGE-B2 translation to form the immunosuppressive environment

levels of Tregs and macrophages et

by induction of myeloid-derived suppressor cell (Zeng et al., 2022).
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In genetically engineered mouse models, the WDR4/Promyelocytic
leukemia (PML) axis elevates intratumoral Tregs and M2-like
macrophages and reduces CD8" T cells to promote lung tumor
growth. Our study identifies WDR4 as an oncoprotein that
negatively regulates PML via ubiquitination to promote lung
cancer progression by fostering an immunosuppressive and
prometastatic tumor microenvironment, suggesting the potential of
immune-modulatory approaches for treating lung cancer with
aberrant PML degradation (Wang et al.,, 2017). The expression of
eIF4E acts on mouse dendritic cells, resulting in increased activation of
cytotoxic CD8 T cells ex vitro (Li et al., 2017c). In this study m7GRGs
were associated with the degree of immune infiltration in sarcomas,

frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1101683

Qin et al.

10.3389/fgene.2023.1101683

N 5 5
P ] W\
(A LN N L QN S o R
e AR 9 WL 9 &£ &P L T e ol
SELFTFELITI T TS o & £ - &S by
EIF4A1 | *% #x % o dx kk wk e o [ax ‘§§ . / gé . . g
EIF4G3 ** **% Kk kk ok K% K Kk kk %’i =5 3 %’i g
g8 |~ g8 | —
NCBP1 ** kk  kk  kk  kk  kk  kk  kk | kk kK 3= 47 34,
2 i 2
WDR4 *  w% % *x *x kE £ 5 £
FDX1 *k k% *% 1 T T T ! T T T T
3 4 5 6 E & 3 4 5 6
Kk ek * * ;. &
LIAS The e{%rgzs?% \of EIF4G3 The e{%ezs??; ot 1N)mam
*p<0.05 LIPT] ** % K kk wox , .
DLD *k *k *k *k *k *k *% 2 2
*p<0.01 B % e
DLAT ** #*% % | %% *  kk Qo S_ =
: ac ac .
Correlation 53 52 A =
10 PDHA1 ** *x % 5& s §& . 3 s
ok PDHB o * ts g5 2
‘ 88 8Y | ~Tra
0.0 MTF1 *% *% *% * s 4 H 4
H H
-05 GLS ** £ [
o CDKN2A ~ ** : e
SLC31A1 ** The e:g;sﬁ\gr’h T1\;VDR4
- Fkk Fkk *kk *kk *kk Fkk Fkk *kk * *k *%
7.5
Group
8 5.0
g5 E Tumor_CI
Q
E Tumor_C2

2.59

0.01

4>
N

FIGURE 12

Significant correlation between m7GRGs and cuproptosis-related genes. (A) Heat map showing correlation between m7GRGs and cuproptosis-related
genes; (B) Scatter plot of correlation between prognotic m7GRGs and cuproptosis-related genes; (C) Differential expression of cuproptosis-related genes

between C1 and C2 subtypes.

which is another major conclusion of this study. EIF4G3 and
NCBP1 were substantially negatively correlated with CD4" T cells
and dendritic cells. EIF4A1 and WDR4 were not
significantly correlated with immune cell infiltration in sarcomas. A

However,

spearman analysis revealed that a high level of m7GRGs expression
was negatively correlated with the majority of immune cells.

TMB and MSI were suggested as potential biomarkers for predicting
the response of immunosuppressive agents at immune checkpoints
(Dudley et al, 2016; Ritterhouse, 2019). In several tumor types,
increased TMB was associated with the response to immunosuppressive
agents (Ritterhouse, 2019). TMB and MSI scores of sarcomas were
dramatically enhanced with the increase of EIF4G3, NCBP1, and
WDR4 expression according to our findings. EIF4A1 improved the MSI
score while having little impact on the TMB score. In addition, prognostic
m7GRGs were positively or negatively correlated with a variety of
chemotherapy drugs through the CDSC database. These findings may
provide a novel potential therapeutic target for sarcomas.

Matrix components, such as CAFs and macrophages associated
with tumors, plays a significant role in the onset and progression of
cancer (Hanahan and Coussens, 2012). m7GRGs may upregulate
prognostic CD4Tconv, Tprolif, CD8T, NK, DC, macrophages, and
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fibroblasts in sarcomas. In addition, prognostic m7GRGs are positively
correlated with many markers of CAFs. The expression of prognostic
m7GRGs is positively correlated with the infiltration of CAFs.
Previous studies have shown that CAFs are highly invasive in
recurrent osteosarcoma (Huang et al., 2022). Therefore, prognostic
m7GRGs may influence the progression of sarcoma patients by
altering the expression of CAFs, tumor-associated macrophages,
and other immune cells in the TME.

Cuproptosis is a novel copper-dependent and regulated form of
cell death that differs from the known way of cell death, in that copper
may directly interact with the fatty acylation component of the TCA,
resulting in protein toxicity stress and eventually cell death (Tsvetkov
et al,, 2022). Cuproptosis-related genes play an important role in the
occurrence and development of various cancers, such as sarcoma and
liver cancer (Zhang et al., 2022b; Han et al., 2022). This study revealed
a tight association between m7GRGs and cuproptosis-associated genes
in sarcomas. These two kinds of genes might jointly influence the
occurrence and development of sarcomas, but further research is
required to confirm this theory.

Four miRNA-mRNA regulatory axes and six IncRNA-miRNA-
mRNA regulatory axes were also constructed, including has-miR-28-
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5p/EIF4A1, has-miR-145-5p/EIF4G3, has-miR-489-3p/NCBP1, and
has-miR-28-5p/WDR4, CSA 9-has-miR-195-5p-WDR4, LINC00511-
has-miR-195-5p-WDR4, LINC00922-has-miR-195-5p-WDR4,
MEG3-has-miR-195-5p-WDR4, MEGS8-has-miR-195-5p-WDR4,
and SNHGI16-has-miR-195-5p-WDR4. The miR-185-3p/E2F1 axis
was regulated by LINCO00511 to promote the occurrence and
progression of osteosarcoma (Xu et al, 2020). The prognosis of
many cancers was predicted by SNHGI16 (Zhang et al, 2019b).
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Screening of the regulatory axis of INcCRNA-miRNA-CRGs in sarcomas. (A) Potential IncRNAs associated with hsa-miR-195-5p predicted by ENCORI and
miRNet databases. (B) Potential miRNA-IncRNA network constructed using Cytoscape software. (C) Expression and prognostic value of six potential IncRNAs
in sarcomas. (D) LncRNA-miRNA-mRNA triple regulatory network affecting the prognosis of sarcomas.

MiR-128-5p participated in the progression of colorectal cancer (Si
etal,, 2021). Our study revealed that these miRNAs and IncRNAs were
related to the prognosis of sarcoma patients. All these pieces of
evidence suggested that these regulatory axes might play an
important role in the progression of sarcomas. Our study also has
certain limitations. First, the sample size of the control group was
small. In addition, further research should be conducted to

corroborate this conclusion.
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5 Conclusion

In conclusion, dataset analysis revealed that the expression of
m7GRGs (EIF4A1, EIF4G4, NCBP1, and WDR4) was strongly
associated with clinicopathological characteristics of SARC. In
addition, the relationships between the m7GRGs and tumor
immune microenvironment, immunotherapy and chemotherapy
response were preliminarily ascertained. Four miRNA-mRNA
regulatory axes and six IncRNA-miRNA-mRNA regulatory axes
were also identified, which may play an important role in the
progress of sarcomas and may serve as potential diagnostic
biomarkers and therapeutic targets for sarcomas. It is plausible to
hypothesize that our study may provide valuable insights into clinical
decision-making and individualized therapy regimens as a foundation
for future research.

Data availability statement

The datasets are available in TCGA database (https://portal.gdc.
cancer.gov/), GDSC database (https://www.cancerrxgene.org/),
GeneMANIA (http://www.genemania.org), GSEA (http://software.
broadinstitute.org/gsea/index.jsp), Human Protein Atlas database
(https://www.proteinatlas.org), cBioPortal (http://www.cbioportal.
org/), GDSC database (https://www.cancerrxgene.org/), TISIDB
(http://cis.hku.hk/TISIDB), TISCH database (http://tisch.comp-
genomics.org/), ENCORI database (http://starbase.sysu.edu.cn/),
miRNet database (http://www.mirnet.ca/), RNA22 database (https://
cm.jefferson.edu/rna22/interactive) as well as TIMER database
(https://cistrome.shinyapps.io/timer/).

Author contributions

Conceptualization, HZ, AX, and FY; methodology, WS and YZ;
software, YC; formal analysis, JW and GL; investigation, HQ, WS, and
QW; data curation, YC; writing—original draft preparation, HQ, WS,
and QY; writing—review and editing, FY and HZ; supervision, FY, AX
and HZ; funding acquisition, FY and HZ. All authors have read and
agreed to the published version of the manuscript.

References

Alexandrov, A., Martzen, M. R,, and Phizicky, E. M. (2002). Two proteins that form a
complex are required for 7-methylguanosine modification of yeast tRNA. RNA 8 (10),
1253-1266. doi:10.1017/s1355838202024019

Bian, Z., Fan, R, and Xie, L. (2022). A novel cuproptosis-related prognostic gene
signature and validation of differential expression in clear cell renal cell carcinoma. Genes.
(Basel) 13 (5), 851. doi:10.3390/genes13050851

Boccaletto, P., Machnicka, M. A., Purta, E., Piatkowski, P., Baginski, B., Wirecki, T. K.,
et al. (2018). Modomics: A database of RNA modification pathways. 2017 update. Nucleic
Acids Res. 46 (D1), D303-D307. doi:10.1093/nar/gkx1030

Brennan, M. F., Antonescu, C. R., Moraco, N., and Singer, S. (2014). Lessons learned
from the study of 10,000 patients with soft tissue sarcoma. Ann. Surg. 2603, 416-421.
discussion 21-2. doi:10.1097/SLA.0000000000000869

Calero, G., Wilson, K. F.,, Ly, T., Rios-Steiner, J. L., Clardy, J. C., and Cerione, R. A.

(2002). Structural basis of m7GpppG binding to the nuclear cap-binding protein complex.
Nat. Struct. Biol. 9 (12), 912-917. doi:10.1038/nsb874

Chang, L., Zhou, G., Soufan, O., and Xia, J. (2020). miRNet 2.0: network-based visual
analytics for miRNA functional analysis and systems biology. Nucleic Acids Res. 48 (W1),
W244-W251. doi:10.1093/nar/gkaa467

Frontiers in Genetics

18

10.3389/fgene.2023.1101683

Funding

This research was continuously funded by National Natural
Science Foundation of China (No. 82102568; 82172432 and
82001319), National & Local Joint Engineering Research Center
of Orthopaedic Biomaterials (XMHT20190204007), Shenzhen
High-level Hospital Construction Fund, Shenzhen Key Medical
Discipline Construction Fund (No. SZXK023), Shenzhen “San-
Ming” Project of Medicine (No. SZSM201612092), Research and
Development Projects of Shenzhen (No. Z2021N054), Shenzhen
Science and Technology Program (No. JCYJ20210324110214040
and JCYJ20190809152409606), Guangdong Basic and Applied
Basic Research Foundation (No. 2021A1515012586), Bethune
Charitable Foundation and CSPC Osteoporosis Research
Foundation Project (No. G-X-2020-1107-21), and The Scientific
Research Foundation of Peking University Shenzhen Hospital (No.
KYQD2021099).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fgene.2023.1101683/
full#supplementary-material

Chen, Y., Wang, J., Xu, D., Xiang, Z., Ding, J., Yang, X, et al. (2021). m(6 A mRNA
methylation regulates testosterone synthesis through modulating autophagy in Leydig
cells. Autophagy 172, 457-475. doi:10.1080/15548627.2020.1720431

Chen, Z.,, and Liu, J. (2021). MicroRNA-let-7 targets HMGA2 to regulate the
proliferation, migration, and invasion of colon cancer cell HCT116. Evid. Based
Complement. Altern. Med. 2021, 2134942. doi:10.1155/2021/2134942

Courtney, D. G., Tsai, K., Bogerd, H. P, Kennedy, E. M., Law, B. A, Emery, A.,
et al. (2019). Epitranscriptomic addition of m(5)C to HIV-1 transcripts regulates
viral gene expression. Cell. Host Microbe 262, 217-227. doi:10.1016/j.chom.2019.
07.005

Danieau, G., Morice, S., Renault, S., Brion, R, Biteau, K., Amiaud, J., et al. (2021).
ICG-001, an inhibitor of the beta-catenin and cAMP response element-binding
protein dependent gene transcription, decreases proliferation but enhances
migration of osteosarcoma cells. Pharm. (Basel) 14 (5), 421. doi:10.3390/
ph14050421

Dudley, J. C., Lin, M. T., Le, D. T., and Eshleman, J. R. (2016). Microsatellite instability as
a biomarker for PD-1 blockade. Clin. Cancer Res. 22 (4), 813-820. doi:10.1158/1078-0432.
CCR-15-1678

frontiersin.org


https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
https://www.cancerrxgene.org/
http://www.genemania.org/
http://software.broadinstitute.org/gsea/index.jsp
http://software.broadinstitute.org/gsea/index.jsp
https://www.proteinatlas.org
http://www.cbioportal.org/
http://www.cbioportal.org/
https://www.cancerrxgene.org/
http://cis.hku.hk/TISIDB
http://tisch.comp-genomics.org/
http://tisch.comp-genomics.org/
http://starbase.sysu.edu.cn/
http://www.mirnet.ca/
https://cm.jefferson.edu/rna22/interactive
https://cm.jefferson.edu/rna22/interactive
https://cistrome.shinyapps.io/timer/
https://www.frontiersin.org/articles/10.3389/fgene.2023.1101683/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2023.1101683/full#supplementary-material
https://doi.org/10.1017/s1355838202024019
https://doi.org/10.3390/genes13050851
https://doi.org/10.1093/nar/gkx1030
https://doi.org/10.1097/SLA.0000000000000869
https://doi.org/10.1038/nsb874
https://doi.org/10.1093/nar/gkaa467
https://doi.org/10.1080/15548627.2020.1720431
https://doi.org/10.1155/2021/2134942
https://doi.org/10.1016/j.chom.2019.07.005
https://doi.org/10.1016/j.chom.2019.07.005
https://doi.org/10.3390/ph14050421
https://doi.org/10.3390/ph14050421
https://doi.org/10.1158/1078-0432.CCR-15-1678
https://doi.org/10.1158/1078-0432.CCR-15-1678
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1101683

Qin et al.

E Izaurralde, J. L., Gamberi, C., Jarmolowski, A., McGuigan, C., and Mattaj, I. W. (1995).
A cap-binding protein complex mediating U snRNA export. Nature 376 (6542), 709-712.
doi:10.1038/376709a0

Eisinger-Mathason, T. S., Zhang, M., Qiu, Q., Skuli, N., Nakazawa, M. S., Karakasheva,
T., etal. (2013). Hypoxia-dependent modification of collagen networks promotes sarcoma
metastasis. Cancer Discov. 3 (10), 1190-1205. doi:10.1158/2159-8290.cd-13-0118

Fornaciari, G. (2018). Histology of ancient soft tissue tumors: A review. Int.
J. Paleopathol. 21, 64-76. doi:10.1016/j.ijpp.2017.02.007

Gao, J. ], Aksoy, B. A., Dogrusoz, U., Dresdner, G., Gross, B., Sumer, S. O,, et al. (2013).
Integrative analysis of complex cancer genomics and clinical profiles using the cBioPortal.
Sci. Signal. 6 (269), pll. doi:10.1126/scisignal.2004088

Ge, X, Chen, Y. E,, Song, D., McDermott, M., Woyshner, K., Manousopoulou, A., et al.
(2021). Clipper: p-value-free FDR control on high-throughput data from two conditions.
Genome Biol. 22 (1), 288. doi:10.1186/s13059-021-02506-9

Gebhardt, A., Habjan, M., Benda, C., Meiler, A., Haas, D. A., Hein, M. Y., et al. (2015).
mRNA export through an additional cap-binding complex consisting of NCBP1 and
NCBP3. Nat. Commun. 6, 8192. doi:10.1038/ncomms9192

Guy, M. P., and Phizicky, E. M. (2014). Two-subunit enzymes involved in eukaryotic
post-transcriptional tRNA modification. RNA Biol. 11 (12), 1608-1618. doi:10.1080/
15476286.2015.1008360

Han, J., Hu, Y,, Liu, S,, Jiang, J., and Wang, H. (2022). A newly established cuproptosis-
associated long non-coding RNA signature for predicting prognosis and indicating
immune microenvironment features in soft tissue sarcoma. J. Oncol. 2022, 8489387.
doi:10.1155/2022/8489387

Hanahan, D., and Coussens, L. M. (2012). Accessories to the crime: Functions of cells
recruited to the tumor microenvironment. Cancer Cell. 21 (3), 309-322. doi:10.1016/j.ccr.
2012.02.022

Hanzelmann, S., Castelo, R., and Guinney, J. (2013). Gsva: Gene set variation analysis for
microarray and RNA-seq data. BMC Bioinforma. 14, 7. doi:10.1186/1471-2105-14-7

Harwood, J. L., Alexander, J. H., Mayerson, J. L., and Scharschmidt, T. J. (2015).
Targeted chemotherapy in bone and soft-tissue sarcoma. Orthop. Clin. North Am. 464,
587-608. doi:10.1016/j.0c1.2015.06.011

Heinrich, B., Czauderna, C., and Marquardt, J. U. (2018). Immunotherapy of
hepatocellular carcinoma. Oncol. Res. Treat. 41 (5), 292-297. doi:10.1159/000488916

Hiniker, S. D., and Donaldson, S. S. (2015). Recent advances in understanding and
managing rhabdomyosarcoma. F1000Prime Rep. 7, 59. doi:10.12703/P7-59

Huang, X,, Bi, N., Wang, J,, Ren, H,, Pan, D, Lu, X,, et al. (2021). Chidamide and
radiotherapy synergistically induce cell apoptosis and suppress tumor growth and cancer
stemness by regulating the MiR-375-eif4g3 Axis in lung squamous cell carcinomas.
J. Oncol. 2021, 4936207. doi:10.1155/2021/4936207

Huang, X, Wang, L, Guo, H., Zhang, W, and Shao, Z. (2022). Single-cell
transcriptomics reveals the regulative roles of cancer associated fibroblasts in tumor
immune microenvironment of recurrent osteosarcoma. Theranostics 12 (13), 5877-5887.
doi:10.7150/thno.73714

Izaurralde, E., Lewis, J., McGuigan, C., Jankowska, J., DarzynkiEwicz, E., and Mattaj, L.
W. (1994). A nuclear cap binding protein complex involved in pre-mRNA splicing. Cell.
78, 657-668. d0i:10.1016/0092-8674(94)90530-4

Jiang, P., Gu, S, Pan, D,, Fu, J,, Sahu, A,, Hu, X,, et al. (2018). Signatures of T cell
dysfunction and exclusion predict cancer immunotherapy response. Nat. Med. 24 (10),
1550-1558. doi:10.1038/s41591-018-0136-1

Li, J. H,, Liu, S., Zhou, H., Qu, L. H,, and Yang, J. H. (2014). starBase v2.0: decoding
miRNA-ceRNA, miRNA-ncRNA and protein-RNA interaction networks from large-scale
CLIP-Seq data. Nucleic Acids Res. 42, D92-D97. doi:10.1093/nar/gkt1248

Li, Z., Weng, H,, Su, R., Weng, X, Zuo, Z., Li, C,, et al. (2017). FTO plays an oncogenic
role in acute myeloid leukemia as a N(6)-methyladenosine RNA demethylase. Cancer Cell.
31 (1), 127-141. doi:10.1016/j.ccell.2016.11.017

Li, T, Fan, J., Wang, B., Traugh, N,, Chen, Q,, Liu, J. S,, et al. (2017). Timer: A web server
for comprehensive analysis of tumor-infiltrating immune cells. Cancer Res. 77 (21),
€108-e110. doi:10.1158/0008-5472.CAN-17-0307

Li, J., Wang, W, He, Y, Li, Y,, Yan, E. Z, Zhang, K, et al. (2017). Structurally
programmed assembly of translation initiation nanoplex for superior mRNA delivery. ACS
Nano 11 (3), 2531-2544. doi:10.1021/acsnano.6b08447

Li, T, Fu, J., Zeng, Z., Cohen, D,, Li, J., Chen, Q,, et al. (2020). TIMER2.0 for analysis of
tumor-infiltrating immune cells. Nucleic Acids Res. 48 (W1), W509-W514. doi:10.1093/
nar/gkaa407

Li, X. Y., Zhao, Z. J., Wang, J. B., Shao, Y. H.,, Hui, L., You, J. X,, et al. (2022). m7G
methylation-related genes as biomarkers for predicting overall survival outcomes for
hepatocellular carcinoma. Front. Bioeng. Biotechnol. 10, 849756. doi:10.3389/fbioe.2022.
849756

Liang, S., Zhou, Y., Chen, Y., Ke, G., Wen, H., and Wu, X. (2014). Decreased expression
of EIF4Al after preoperative brachytherapy predicts better tumor-specific survival in
cervical cancer. Int. J. Gynecol. Cancer 24 (5), 908-915. doi:10.1097/IGC.
0000000000000152

Lin, S, Liu, Q,, Lelyveld, V. S,, Choe, J., Szostak, J. W., and Gregory, R. I. (2018). Mettl1/
Wdr4-Mediated m(7)G tRNA methylome is required for normal mRNA translation and

Frontiers in Genetics

10.3389/fgene.2023.1101683

embryonic stem cell self-renewal and differentiation. Mol. Cell. 71 (2), 244-255. doi:10.
1016/j.molcel.2018.06.001

Loher, P., and Rigoutsos, I. (2012). Interactive exploration of RNA22 microRNA
target predictions. Bioinformatics 28 (24), 3322-3323. doi:10.1093/bioinformatics/
bts615

Ma, J., Han, H., Huang, Y., Yang, C., Zheng, S., Cai, T, et al. (2021). METTL1/WDR4-
mediated m(7)G tRNA modifications and m(7)G codon usage promote mRNA translation
and lung cancer progression. Mol. Ther. 29 (12), 3422-3435. doi:10.1016/j.ymthe.2021.
08.005

Mai, W, Kong, L., Yu, H,, Bao, J., Song, C., and Qu, G. (2021). Glycogen synthase kinase
3B promotes osteosarcoma invasion and migration via regulating PTEN and
phosphorylation of focal adhesion kinase. Biosci. Rep. 41 (7), BSR20193514. doi:10.
1042/BSR20193514

Malbec, L., Zhang, T., Chen, Y. S, Zhang, Y., Sun, B. F,, Shi, B. Y., et al. (2019). Dynamic
methylome of internal mRNA N(7)-methylguanosine and its regulatory role in
translation. Cell. Res. 29 (11), 927-941. doi:10.1038/541422-019-0230-z

Mathlin, J., Le Pera, L., and Colombo, T. (2020). A census and categorization method of
epitranscriptomic marks. Int. . Mol. Sci. 21 (13), 4684. doi:10.3390/ijms21134684

Meyer, K. D., Patil, D. P,, Zhou, J., Zinoviev, A., Skabkin, M. A., Elemento, O., et al.
(2015). 5> UTR m(6)A promotes cap-independent translation. Cell. 163 (4), 999-1010.
doi:10.1016/j.cell.2015.10.012

Michaud, J., Kudoh, J., Berry, A., Bonne-Tamir, B., Lalioti, M. D., Rossier, C., et al.
(2000). Isolation and characterization of a human chromosome 21q22.3 gene (WDR4) and
its mouse homologue that code for a WD-repeat protein. Genomics 681, 71-79. doi:10.
1006/geno.2000.6258

Modelska, A., Turro, E., Russell, R., Beaton, J., Sbarrato, T., Spriggs, K., et al. (2015). The
malignant phenotype in breast cancer is driven by eIF4Al-mediated changes in the
translational landscape. Cell. Death Dis. 6, €1603. doi:10.1038/cddis.2014.542

Nakata, E., Fujiwara, T., Kunisada, T., Ito, T., Takihira, S., and Ozaki, T. (2021).
Immunotherapy for sarcomas. Jpn. J. Clin. Oncol. 51 (4), 523-537. doi:10.1093/jjco/
hyab005

Naviglio, S., Spina, A., Chiosi, E., Fusco, A., Illiano, F., Pagano, M., et al. (2006).
Inorganic phosphate inhibits growth of human osteosarcoma U20S cells via adenylate
cyclase/cAMP pathway. J. Cell. Biochem. 98 (6), 1584-1596. doi:10.1002/jcb.20892

Pandolfini, L., Barbieri, I., Bannister, A. J., Hendrick, A., Andrews, B., Webster, N, et al.
(2019). METTLI promotes let-7 MicroRNA processing via m7G methylation. Mol. Cell. 74
(6), 1278-1290. doi:10.1016/j.molcel.2019.03.040

Paprcka, S., Sridhar, S., Goshayeshi, A., Park, E., Liu, S., Flores, R., et al. (2022). AB801 is
a potent and selective AXL inhibitor that demonstrates significant anti-tumor activity in
combination with standard of care therapeutics. Eur. J. Cancer 174, S110. doi:10.1016/
$0959-8049(22)01093-0

Pelletier, J., and Sonenberg, N. (2019). The organizing principles of eukaryotic ribosome
recruitment. Annu. Rev. Biochem. 88, 307-335. doi:10.1146/annurev-biochem-013118-
111042

Powers, R. K., Goodspeed, A., Pielke-Lombardo, H., Tan, A. C.,, and Costello, J. C.
(2018). GSEA-InContext: Identifying novel and common patterns in expression
experiments. Bioinformatics 34 (13), i555-i564. doi:10.1093/bioinformatics/bty271

Ramanathan, A., Robb, G. B, and Chan, S. H. (2016). mRNA capping: Biological
functions and applications. Nucleic Acids Res. 44 (16), 7511-7526. doi:10.1093/nar/
gkws51

Rastegari, E., Kajal, K., Tan, B. S.,, Huang, F., Chen, R. H,, Hsieh, T. S,, et al. (2020).
‘WD40 protein Wuho controls germline homeostasis via TRIM-NHL tumor suppressor
Mei-p26 in Drosophila. Development 147 (2), dev182063. doi:10.1242/dev.182063

Reed, D. R, Naghavi, A., and Binitie, O. (2019). Sarcoma as a model for adolescent and
young adult care. J. Oncol. Pract. 155, 239-247. doi:10.1200/JOP.18.00684

Ritchie, M. E., Phipson, B., Wu, D., Hu, Y., Law, C. W, Shi, W, et al. (2015). Limma
powers differential expression analyses for RNA-sequencing and microarray studies.
Nucleic Acids Res. 437, e47. doi:10.1093/nar/gkv007

Ritterhouse, L. L. (2019). Tumor mutational burden. Cancer Cytopathol. 127 (12),
735-736. doi:10.1002/cncy.22174

Rizzo, A., Ricci, A. D., and Brandi, G. (2021). PD-L1, TMB, MSI, and other predictors of
response to immune checkpoint inhibitors in biliary tract cancer. Cancers (Basel) 13, 558.
doi:10.3390/cancers13030558

Salmena, L., Poliseno, L., Tay, Y., Kats, L., and Pandolfi, P. P. (2011). A ceRNA
hypothesis: The rosetta stone of a hidden RNA language? Cell. 1463, 353-358. doi:10.
1016/j.cell.2011.07.014

Shannon, P., Markiel, A., Ozier, O., Baliga, N. S, Wang, J. T, Ramage, D, et al. (2003).
Cytoscape: A software environment for integrated models of biomolecular interaction
networks. Genome Res. 13, 2498-2504. doi:10.1101/gr.1239303

Si, Z., Yu, L, Jing, H.,, Wu, L., and Wang, X. (2021). Oncogenic IncRNA ZNF561-AS1 is
essential for colorectal cancer proliferation and survival through regulation of miR-26a-

3p/miR-128-5p-SRSF6 axis. J. Exp. Clin. cancer Res. CR 40 (1), 78. doi:10.1186/s13046-
021-01882-1

Siegel, R. L., Miller, K. D., and Jemal, A. (2019). Cancer statistics, 2019. CA Cancer
J. Clin. 691, 7-34. doi:10.3322/caac.21551

frontiersin.org


https://doi.org/10.1038/376709a0
https://doi.org/10.1158/2159-8290.cd-13-0118
https://doi.org/10.1016/j.ijpp.2017.02.007
https://doi.org/10.1126/scisignal.2004088
https://doi.org/10.1186/s13059-021-02506-9
https://doi.org/10.1038/ncomms9192
https://doi.org/10.1080/15476286.2015.1008360
https://doi.org/10.1080/15476286.2015.1008360
https://doi.org/10.1155/2022/8489387
https://doi.org/10.1016/j.ccr.2012.02.022
https://doi.org/10.1016/j.ccr.2012.02.022
https://doi.org/10.1186/1471-2105-14-7
https://doi.org/10.1016/j.ocl.2015.06.011
https://doi.org/10.1159/000488916
https://doi.org/10.12703/P7-59
https://doi.org/10.1155/2021/4936207
https://doi.org/10.7150/thno.73714
https://doi.org/10.1016/0092-8674(94)90530-4
https://doi.org/10.1038/s41591-018-0136-1
https://doi.org/10.1093/nar/gkt1248
https://doi.org/10.1016/j.ccell.2016.11.017
https://doi.org/10.1158/0008-5472.CAN-17-0307
https://doi.org/10.1021/acsnano.6b08447
https://doi.org/10.1093/nar/gkaa407
https://doi.org/10.1093/nar/gkaa407
https://doi.org/10.3389/fbioe.2022.849756
https://doi.org/10.3389/fbioe.2022.849756
https://doi.org/10.1097/IGC.0000000000000152
https://doi.org/10.1097/IGC.0000000000000152
https://doi.org/10.1016/j.molcel.2018.06.001
https://doi.org/10.1016/j.molcel.2018.06.001
https://doi.org/10.1093/bioinformatics/bts615
https://doi.org/10.1093/bioinformatics/bts615
https://doi.org/10.1016/j.ymthe.2021.08.005
https://doi.org/10.1016/j.ymthe.2021.08.005
https://doi.org/10.1042/BSR20193514
https://doi.org/10.1042/BSR20193514
https://doi.org/10.1038/s41422-019-0230-z
https://doi.org/10.3390/ijms21134684
https://doi.org/10.1016/j.cell.2015.10.012
https://doi.org/10.1006/geno.2000.6258
https://doi.org/10.1006/geno.2000.6258
https://doi.org/10.1038/cddis.2014.542
https://doi.org/10.1093/jjco/hyab005
https://doi.org/10.1093/jjco/hyab005
https://doi.org/10.1002/jcb.20892
https://doi.org/10.1016/j.molcel.2019.03.040
https://doi.org/10.1016/s0959-8049(22)01093-0
https://doi.org/10.1016/s0959-8049(22)01093-0
https://doi.org/10.1146/annurev-biochem-013118-111042
https://doi.org/10.1146/annurev-biochem-013118-111042
https://doi.org/10.1093/bioinformatics/bty271
https://doi.org/10.1093/nar/gkw551
https://doi.org/10.1093/nar/gkw551
https://doi.org/10.1242/dev.182063
https://doi.org/10.1200/JOP.18.00684
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1002/cncy.22174
https://doi.org/10.3390/cancers13030558
https://doi.org/10.1016/j.cell.2011.07.014
https://doi.org/10.1016/j.cell.2011.07.014
https://doi.org/10.1101/gr.1239303
https://doi.org/10.1186/s13046-021-01882-1
https://doi.org/10.1186/s13046-021-01882-1
https://doi.org/10.3322/caac.21551
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1101683

Qin et al.

Sloan, K. E., Warda, A. S., Sharma, S., Entian, K. D., Lafontaine, D. L. J., Bohnsack, M. T.,
et al. (2017). Tuning the ribosome: The influence of rRNA modification on eukaryotic
ribosome biogenesis and function. RNA Biol. 14 (9), 1138-1152. doi:10.1080/15476286.
2016.1259781

Song, Q., Zhou, R, Shu, F., and Fu, W. (2022). Cuproptosis scoring system to predict the
clinical outcome and immune response in bladder cancer. Front. Immunol. 13, 958368.
doi:10.3389/fimmu.2022.958368

Sturm, G., Finotello, F., and List, M. (2020). Immunedeconv: An R package for
unified access to computational methods for estimating immune cell fractions from
bulk RNA-sequencing data. Methods Mol. Biol. 2120, 223-232. d0i:10.1007/978-1-
0716-0327-7_16

Sun, D., Wang, J., Han, Y., Dong, X., Ge, J., Zheng, R, et al. (2021). Tisch: A
comprehensive web resource enabling interactive single-cell transcriptome visualization
of tumor microenvironment. Nucleic Acids Res. 49, D1420-D1430. doi:10.1093/nar/
gkaal020

SzKlarczyk, D., Gable, A. L., Lyon, D., Junge, A., Wyder, S., Huerta-Cepas, J., et al. (2019).
STRING v11: Protein-protein association networks with increased coverage, supporting
functional discovery in genome-wide experimental datasets. Nucleic Acids Res. 47D1,
D607-D613. doi:10.1093/nar/gky1131

Tang, Y., Xie, M., Jiang, N., Huang, F., Zhang, X,, Li, R,, et al. (2017). Icarisid 1T
inhibits the proliferation of human osteosarcoma cells by inducing apoptosis and cell
cycle arrest. Tumour Biol. 39 (6), 1010428317705745. doi:10.1177/
1010428317705745

Thakkar, S., Sharma, D., Kalia, K., and Tekade, R. K. (2020). Tumor microenvironment
targeted nanotherapeutics for cancer therapy and diagnosis: A review. Acta Biomater. 101,
43-68. doi:10.1016/j.actbio.2019.09.009

Tomczak, K., Czerwinska, P., and Wiznerowicz, M. (2015). The cancer genome Atlas
(TCGA): An immeasurable source of knowledge. Contemp. Oncol. Pozn. 19, A68-A77.
doi:10.5114/w0.2014.47136

Tsvetkov, P., Coy, S., Petrova, B., Dreishpoon, M., Verma, A., Abdusamad, M., et al.
(2022). Copper induces cell death by targeting lipoylated TCA cycle proteins. Science 375
(6586), 1254-1261. doi:10.1126/science.abf0529

Wang, X, Lu, Z, Gomez, A, Hon, G. C, Yue, Y., Han, D, et al. (2014). N6-
methyladenosine-dependent regulation of messenger RNA stability. Nature 505 (7481),
117-120. doi:10.1038/nature12730

Wang, X., Zhao, B. S., Roundtree, I. A,, Lu, Z,, Han, D., Ma, H,, et al. (2015). N(6)-
methyladenosine modulates messenger RNA translation efficiency. Cell. 161 (6),
1388-1399. doi:10.1016/j.cell.2015.05.014

Wang, Y. T., Chen, J., Chang, C. W,, Jen, J., Huang, T. Y., Chen, C. M,, et al. (2017).
Ubiquitination of tumor suppressor PML regulates prometastatic and
immunosuppressive tumor microenvironment. J. Clin. investigation 127 (8),
2982-2997. doi:10.1172/jci89957

Wang, Q., Chen, C, Ding, Q. Q.,, Zhao, Y., Wang, Z. D., Chen, J. ], et al. (2019).
METTL3-mediated m6A modification of HDGF mRNA promotes gastric cancer
progression and has prognostic significance. Gut 69 (7), 1193-1205. doi:10.1136/
gutjnl-2019-319639

Wang, Q., Wang, T., Hu, Y., Jiang, W., Lu, C., Zheng, W, et al. (2019). Circ-EIF4G3
promotes the development of gastric cancer by sponging miR-335. Pathol. Res. Pract. 215
(9), 152507. doi:10.1016/j.prp.2019.152507

Wang, N,, Lefaudeux, D., Mazumder, A., Li, J. J., and Hoffmann, A. (2021). Identifying
the combinatorial control of signal-dependent transcription factors. PLoS Comput. Biol. 17
(6), €1009095. doi:10.1371/journal.pcbi.1009095

Warde-Farley, D., Donaldson, S. L., Comes, O., Zuberi, K., Badrawi, R., Chao, P., et al.
(2010). The GeneMANIA prediction server: Biological network integration for gene
prioritization and predicting gene function. Nucleic Acids Res. 38, W214-W220.
doi:10.1093/nar/gkq537

Wilkerson, M. D., and Hayes, D. N. (2010). ConsensusClusterPlus: A class discovery tool
with confidence assessments and item tracking. Bioinformatics 26, 1572-1573. doi:10.
1093/bioinformatics/btq170

Frontiers in Genetics

20

10.3389/fgene.2023.1101683

Xiang, Y., Laurent, B., Hsu, C. H., Nachtergaele, S., Lu, Z., Sheng, W., et al. (2017). RNA
m(6)A methylation regulates the ultraviolet-induced DNA damage response. Nature 543
(7646), 573-576. doi:10.1038/nature21671

Xiao, W., Adhikari, S., Dahal, U., Chen, Y. S., Hao, Y. J., Sun, B. F., et al. (2016). Nuclear
m(6)A reader YTHDCI regulates mRNA splicing. Mol. Cell. 614, 507-519. doi:10.1016/j.
molcel.2016.01.012

Xu, C.Z, Shi, R. ], Chen, D,, Sun, Y. Y., Wu, Q W, Wang, T, et al. (2013). Potential biomarkers
for paclitaxel sensitivity in hypopharynx cancer cell. Int. J. Clin. Exp. Pathol. 6 (12), 2745-2756.

Xu, J, Chen, G., Zhang, Y. Huang, Z, Cheng, X, Gu, H, et al. (2020).
LINCO00511 promotes osteosarcoma tumorigenesis and invasiveness through the miR-
185-3p/E2F1 Axis. BioMed Res. Int. 2020, 1974506. doi:10.1155/2020/1974506

Yang, W., Soares, J., Greninger, P., Edelman, E. J., Lightfoot, H., Forbes, S., et al. (2013).
Genomics of drug sensitivity in cancer (GDSC): A resource for therapeutic biomarker
discovery in cancer cells. Nucleic Acids Res. 41, D955-D961. doi:10.1093/nar/gks1111

Yu, G., Wang, L., Han, Y., and He, Q. (2012). clusterProfiler: an R package for comparing
biological themes among gene clusters. OMICS 16, 284-287. doi:10.1089/0mi.2011.0118

Zang, X,, Jiang, J., Gu, J., Chen, Y., Wang, M., Zhang, Y., et al. (2022). Circular RNA
EIF4G3 suppresses gastric cancer progression through inhibition of beta-catenin by
promoting delta-catenin ubiquitin degradation and upregulating SIK1. Mol. Cancer 21
(1), 141. doi:10.1186/s12943-022-01606-9

Zeng, H., Xu, S., Xia, E,, Hirachan, S., Bhandari, A., and Shen, Y. (2021). Aberrant
expression of WDR4 affects the clinical significance of cancer immunity in pan-cancer.
Aging (Albany NY) 13 (14), 18360-18375. doi:10.18632/aging.203284

Zeng, X., Liao, G,, Li, S., Liu, H., Zhao, X,, Li, S,, et al. (2022). Eliminating METTL1-
mediated accumulation of PMN-MDSCs prevents hepatocellular carcinoma recurrence
after radiofrequency ablation. Hepatology. (Baltimore, Md.). doi:10.1002/hep.32585

Zhang, S., Zhao, B. S., Zhou, A., Lin, K, Zheng, S., Lu, Z, et al. (2017). m(6 A
demethylase ALKBH5 maintains tumorigenicity of glioblastoma stem-like cells by
sustaining FOXM1 expression and cell proliferation program. Cancer Cell. 31 (4),
591-606. doi:10.1016/j.ccell.2017.02.013

Zhang, H., Wang, A,, Tan, Y., Wang, S., Ma, Q., Chen, X,, et al. (2019). NCBP1 promotes
the development of lung adenocarcinoma through up-regulation of CUL4B. J. Cell. Mol.
Med. 23 (10), 6965-6977. doi:10.1111/jemm.14581

Zhang, C,, Ren, X,, He, J., Wang, W, Tu, C,, and Li, Z. (2019). The prognostic value of
long noncoding RNA SNHG16 on clinical outcomes in human cancers: A systematic
review and meta-analysis. Cancer Cell. Int. 19, 261. doi:10.1186/s12935-019-0971-2

Zhang, M., Song, J., Yuan, W., Zhang, W., and Sun, Z. (2021). Roles of RNA methylation
on tumor immunity and clinical implications. Front. Immunol. 12, 641507. doi:10.3389/
fimmu.2021.641507

Zhang, Z., Zeng, X., Wu, Y., Liu, Y., Zhang, X,, and Song, Z. (2022). Cuproptosis-related
risk score predicts prognosis and characterizes the tumor microenvironment in
hepatocellular carcinoma. Front. Immunol. 13, 925618. doi:10.3389/fimmu.2022.925618

Zhang, G., Sun, J., and Zhang, X. (2022). A novel Cuproptosis-related LncRNA signature
to predict prognosis in hepatocellular carcinoma. Sci. Rep. 12 (1), 11325. doi:10.1038/
541598-022-15251-1

Zhao, X,, Yang, Y., Sun, B. F,, Shi, Y,, Yang, X., Xiao, W., et al. (2014). FTO-dependent
demethylation of N6-methyladenosine regulates mRNA splicing and is required for
adipogenesis. Cell. Res. 2412, 1403-1419. doi:10.1038/cr.2014.151

Zheng, P., Li, N, and Zhan, X. (2022). Ovarian cancer subtypes based on the regulatory
genes of RNA modifications: Novel prediction model of prognosis. Front. Endocrinol. 13,
972341. doi:10.3389/fend0.2022.972341

Zhou, K., Yang, J., Li, X, Xiong, W. Zhang, P, and Zhang, X. (2022). N7-
Methylguanosine regulatory genes profoundly affect the prognosis, progression, and

antitumor immune response of hepatocellular carcinoma. Front. Surg. 9, 893977.
doi:10.3389/fsurg.2022.893977

Zhu, M. M. T., Shenasa, E., and Nielsen, T. O. (2020). Sarcomas: Immune biomarker
expression and checkpoint inhibitor trials. Cancer Treat. Rev. 91, 102115-115. doi:10.
1016/j.ctrv.2020.102115

frontiersin.org


https://doi.org/10.1080/15476286.2016.1259781
https://doi.org/10.1080/15476286.2016.1259781
https://doi.org/10.3389/fimmu.2022.958368
https://doi.org/10.1007/978-1-0716-0327-7_16
https://doi.org/10.1007/978-1-0716-0327-7_16
https://doi.org/10.1093/nar/gkaa1020
https://doi.org/10.1093/nar/gkaa1020
https://doi.org/10.1093/nar/gky1131
https://doi.org/10.1177/1010428317705745
https://doi.org/10.1177/1010428317705745
https://doi.org/10.1016/j.actbio.2019.09.009
https://doi.org/10.5114/wo.2014.47136
https://doi.org/10.1126/science.abf0529
https://doi.org/10.1038/nature12730
https://doi.org/10.1016/j.cell.2015.05.014
https://doi.org/10.1172/jci89957
https://doi.org/10.1136/gutjnl-2019-319639
https://doi.org/10.1136/gutjnl-2019-319639
https://doi.org/10.1016/j.prp.2019.152507
https://doi.org/10.1371/journal.pcbi.1009095
https://doi.org/10.1093/nar/gkq537
https://doi.org/10.1093/bioinformatics/btq170
https://doi.org/10.1093/bioinformatics/btq170
https://doi.org/10.1038/nature21671
https://doi.org/10.1016/j.molcel.2016.01.012
https://doi.org/10.1016/j.molcel.2016.01.012
https://doi.org/10.1155/2020/1974506
https://doi.org/10.1093/nar/gks1111
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1186/s12943-022-01606-9
https://doi.org/10.18632/aging.203284
https://doi.org/10.1002/hep.32585
https://doi.org/10.1016/j.ccell.2017.02.013
https://doi.org/10.1111/jcmm.14581
https://doi.org/10.1186/s12935-019-0971-2
https://doi.org/10.3389/fimmu.2021.641507
https://doi.org/10.3389/fimmu.2021.641507
https://doi.org/10.3389/fimmu.2022.925618
https://doi.org/10.1038/s41598-022-15251-1
https://doi.org/10.1038/s41598-022-15251-1
https://doi.org/10.1038/cr.2014.151
https://doi.org/10.3389/fendo.2022.972341
https://doi.org/10.3389/fsurg.2022.893977
https://doi.org/10.1016/j.ctrv.2020.102115
https://doi.org/10.1016/j.ctrv.2020.102115
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2023.1101683

	Identification and verification of m7G-Related genes as biomarkers for prognosis of sarcoma
	Introduction
	Materials and methods
	Data sources and preprocessing
	Identification of molecular subgroups
	Identification and functional enrichment analysis of DEGs
	Immune infiltration, and immune checkpoint-related genes expression in two subgroups
	Expression of m7GRGs and survival analysis
	Cell lines and culture conditions
	RT-qPCR
	Construction and validation of the m7GRG prognostic model
	Building a predictive nomogram
	Mutation analysis
	TMB, MSI, ESTIMATE score, and drug sensitivity
	Single cell analysis
	Cuproptosis-related gene expression analysis
	Competing endogenous RNA network construction

	3 Results
	RNA-seq transcriptional group data of m7GRGs in sarcomas
	Identification and analysis of m7GRG clusters in sarcomas
	DEGs and functional enrichment analysis
	Analysis of the correlation between immune infiltration and immune checkpoints
	DEGs clinicopathological characteristics and prognostic models
	Construction and validation of the m7GRG prognostic model by TCGA dataset and external databases
	Building of a predictive nomogram
	Prognostic m7GRGs interfere with immune cell infiltration in sarcomas
	TMB, MSI, and drug sensitivity analysis
	Single-cell RNA data analysis
	Correlation between m7GRGs and cuproptosis-related genes in sarcomas
	Prediction and validation of upstream key miRNAs
	Prediction and validation of key lncRNAs binding to potential miRNAs

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


