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Background: Mucinous colonic adenocarcinoma remains a challenging disease due to its high propensity 
for metastasis and recurrence. N7-methylguanosine (m7G) and long non-coding RNA (lncRNA) are closely 
associated with the occurrence and progression of tumors. However, research on m7G-related lncRNA in 
mucinous colonic adenocarcinoma is lacking. Therefore, we sought to explore the prognostic impact of 
m7G-related lncRNAs in mucinous adenocarcinoma (MC) patients.
Methods: In this study, Pearson analysis was used to identify m7G-related lncRNAs from transcriptome 
data in The Cancer Genome Atlas (TCGA). Univariate Cox regression analysis and least absolute shrinkage 
and selection operator (LASSO) regression were used to further screen m7G-related lncRNAs and 
incorporate them into a prognostic signature. Based on the risk model, patients were divided into low- and 
high-risk groups and randomly assigned to the training set and test sets in a 6:4 ratio. Kaplan-Meier, receiver 
operating characteristic (ROC) curve, multivariate regression, and nomogram analyses were used to confirm 
the accuracy of the signature. The CIBERSORT algorithm was used to calculate the degree of immune cell 
infiltration (ICI). Finally, the correlation of the prognostic signature with tumor mutational burden (TMB) 
and immunophenotype score (IPS) was evaluated.
Results: A total of 432 m7G-related lncRNAs were identified by Pearson analysis. Univariate Cox 
regression, LASSO regression and survival analysis were performed to further select six m7G-related 
lncRNAs (P<0.05): AC254629.1, LINC01133, LINC01134, MHENCR, SMIM2-AS1, and XACT. Based on 
the risk model, heat maps, Kaplan-Meier curves, and ROC curves were constructed, and the results showed 
that there were significant differences in expression levels and survival status between the two risk groups. 
The area under the ROC curve (AUC) values for 3-, 5-, and 10-year survival in the training set were 0.944, 
0.957, and 1.000, respectively. And in the test set were 0.964, 1.000, and 1.000, respectively. Subsequently, 
univariate and multivariate regression analyses of clinical characteristics and risk score were performed. The 
results of risk score were [hazard ratio (HR): 6.458, 95% confidence interval (CI): 2.708–15.403, P<0.001; 
HR: 7.280, 95% CI: 2.500–21.203, P<0.001], respectively. Using the risk score as an independent prognostic 
factor, the AUC of it over 3, 5, and 10 years was 0.911, 0.955, and 0.961, respectively. Calibration plots for 
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Introduction

Colorectal cancer (CRC) is one of the most common 
digestive system tumors, accounting for about 10.0% of 
all cancers worldwide (1). Recently, mortality from CRC 
has declined, but the 5-year survival rate for patients 
with metastatic CRC is still less than 20% (2). CRC can 
metastasize to multiple organs or tissues, posing a major 
threat to human health. According to the World Health 
Organization classification criteria, CRC can be divided 
into three subtypes: non-mucinous adenocarcinoma 
(NMC), mucinous adenocarcinoma (MC), and signet-ring 
cell carcinoma (SRCC). MC is the second most common 
pathological type and accounts for about 10–15% of CRC 
cases (3). Compared with that of patients with the NMC 
subtype, the survival rate of those with MC is consistently 
lower. Additionally, 50% of MC tissues are composed of 

extracellular mucinous proteins, with high microsatellite 
instability and a poor response to systemic treatment (4). 
Therefore, it is necessary to develop a prognostic signature 
of mucinous colonic adenocarcinoma for improved 
diagnosis and prognosis.

Long non-coding RNA (lncRNA) is a type of RNA 
with a length of more than 200 bp but no protein-
coding function (5). LncRNAs are widely distributed 
in the cytoplasm and nucleus, figuring prominently in 
gene regulation (6,7). In recent years, it has been found 
that the lncRNA can act as cis- or trans-factors at the 
transcriptional, post-transcriptional, or translational levels, 
which may contribute to the occurrence and development of 
cancer (8). LncRNAs have been proposed as biomarkers for 
cancer. For instance, lncRNA has been demonstrated to be 
a serum diagnostic biomarker for the diagnosis of cervical 
cancer (9). In addition, the level of lncRNA-p21 was shown 
to be significantly increased in prostate cancer and thus 
may be used as a biomarker for the diagnosis of prostate 
cancer (10). A study has reported that the expression of 
lncRNA TP53 TG1 is downregulated in gastric cancer, 
functioning as a tumor suppressor (11). Identifying the 
differential expression of lncRNAs in tumors plays a role in 
promoting tumorigenesis and tumor suppression, providing 
opportunities for the development of new cancer therapies 
based on targeting lncRNAs.

RNA modification is an important component of post-
transcriptional regulation and occurs in almost all types 
of RNA. More than 170 types of RNA modifications have 
been identified, which are involved in regulating various 
biological functions (12). N7-methylguanosine (m7G), a 
modification type present at the 5’cap of RNA and internal 
messenger RNA, is one of the most heavily methylated 
modifications (13). m7G is achieved by the methyltransferase 
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METTL1/WDR4 complex, which catalyzes the addition 
of methyl groups to the 7th N position of guanosine (G) in 
RNA. m7G affects various physiological and pathological 
processes by regulating RNA metabolism (14). A variety 
of studies have shown that m7G METTL1 or WDR4 is 
involved in regulating the occurrence and development of 
various cancers, such as liver cancer (15), head and neck 
squamous cell carcinoma (16), bladder cancer (17), colon 
cancer (18) and so on. In addition, m7G-related genes have 
been used to construct a prognostic model of the liver (19).

At present, several articles have used bioinformatics 
analysis to explore the relationship between m7G-associated 
lncRNAs and colon cancer by constructing different 
models to predict effective biomarkers (20-23). However, 
the above studies mainly focus on colon cancer and colon 
adenocarcinoma (COAD), with wider range of prognostic 
model predicts, and the accuracy of the model needs to 
be improved. In addition, the role of m7G modification-
related lncRNAs in the progression of mucinous colonic 
adenocarcinoma remains uncertain. Therefore, finding 
m7G-related lncRNA biomarkers is crucial for early 
identification and prognostic evaluation of mucinous 
colonic adenocarcinoma.

Hence, based on the MC patient data obtained from 
The Cancer Genome Atlas (TCGA) dataset, as well as 
bioinformatics and statistical analyses, we created an 
m7G-related lncRNA prognostic signature to reliably 
predict the survival status of MC patients. Additionally, we 
discussed the clinical value, tumor immune cell invasion, 
and predictive value of tumor mutational burden (TMB) of 
related lncRNAs in MC. Our study provides further insight 
into the prognosis for MC of CRC. The flowchart in Figure 1  
shows the process of data collection, data analysis, and 
data visualization in our study. We present this article in 
accordance with the TRIPOD reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-
23-980/rc).

Methods

Data set

We extracted transcriptomic data and clinical information of 
113 patients from TCGA database (https://cancergenome.
nih.gov/), including 41 cases of adjacent tissues and 72 
cases of MC tissues of colon. The raw read counts in the 
transcriptome data were voom normalized via the “limma” 
package (24) in R software (The R Foundation of Statistical 

Computing, Vienna, Austria). Table 1 summarizes the 
clinicopathological characteristics of the patients. Patients 
without clinical information were excluded from the 
subsequent analysis. A total of 39 m7G-related regulators 
(Table S1) were obtained from the Gene Set Enrichment 
Analysis (GSEA) website (https://www.gsea-msigdb.org). The 
study was conducted in accordance with the Declaration of 
Helsinki (as revised in 2013).

Selection of m7G-related lncRNAs

We performed Pearson correlation analysis using the 
“limma” package in R and identified 432 lncRNAs (Table S2) 
associated with m7G. The Pearson analysis criteria used were 
|Pearson correlation coefficient| >0.4 and P value <0.001. 
R packages including “ggplot2” (25), “ggalluvial” (26), and 
“dplyr” were used to visualize the correlation results as 
Sankey diagrams.

Further screening for the prognosis-associated m7G-
related lncRNAs

Univariate Cox regression analysis was used to select 
lncRNAs associated with m7G and with prognostic 
significance (P<0.01). To further screen and establish a 
prognostic signature, least absolute shrinkage and selection 
operator (LASSO) regression analysis was performed. 
According to the results of LASSO regression analysis, the 
survival analysis of the selected related genes was carried 
out. The R software packages “survival” and “glmnet” (27) 
and Cytoscape 3.8 software were used to generate forest 
plots, a LASSO regression model diagram, a co-expression 
network figure, and Sankey diagrams.

Construction and validation of the m7G-related lncRNA 
prognostic signature and nomogram

We used the corresponding regression coefficients of m7G-
related lncRNAs and their expression levels to construct 
a feature called risk score. The risk score model for each 
patient was calculated as follows:

1
Risk score i

n
Coefi xi

=
= ∗∑  [1]

where Coefi and xi are regression coefficients and expression 
levels of each m7G-related lncRNA, respectively. 
Subsequently, patients were divided into low- and high-
risk groups based on the median risk score of the above-
described model, and randomly assigned to the training set 

https://jgo.amegroups.com/article/view/10.21037/jgo-23-980/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-980/rc
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Figure 1 Study flowchart. ns, not significant; *, P<0.05; ***, P<0.001. TCGA, The Cancer Genome Atlas; m7G, N7-methylguanosine; 
lncRNA, long non-coding RNA; LASSO, least absolute shrinkage and selection operator; mRNA, messenger RNA; DEGs, differently 
expressed genes; PC, principal component; TNF, tumor necrosis factor; NF, nuclear factor; IL, interleukin; RAGE, receptor for advanced 
glycation end products; AUC, area under the ROC curve; ROC, receiver operating characteristic; prob., probability; OS, overall survival; 
TMB, tumor mutational burden; NK, natural killer; H-TMB, high-TMB; L-TMB, low-TMB.

and the test set with a ratio of 6:4. Heatmaps, scatter plots, 
and Kaplan-Meier survival curves were drawn to evaluate 
the difference in overall survival (OS) between the two 
subgroups. In addition, receiver operating characteristic 
(ROC) curves, and area under the ROC curves (AUCs) 
were constructed to determine the predictive accuracy of 
the prognostic signature. Finally, based on the independent 

prognostic factors (risk score) selected from the univariate 
and multivariate regression analysis, the corresponding 
nomogram was drawn to evaluate the validity of the 
signature, and the accuracy of the nomogram was evaluated 
with a calibration graph. The “pheatmap”, “xfun”, 
“survival”, “survminer”, and “timeROC” R packages (28) 
were used to draw the above-mentioned graphs.
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Principal component analysis (PCA) and functional 
enrichment analysis

To determine the distribution of patients with different risk 
scores, PCA was performed using the R software package 

“scatterplot3D”. Subsequently, the R “limma” package 
was used to analyses the difference in expression levels 
of different risk groups, and the Kyoto Encyclopedia of 
Genes and Genomes (KEGG) and Gene Ontology (GO) 
KEGG Orthology-Based Annotation System (KOBAS) 
gene annotation tool (http://kobas.cbi.pku.edu.cn/genelist/) 
was used for pathway enrichment of genes with significant 
differences. Then the results of KEGG and GO enrichment 
were visualized using the R package “readr”. When 
|log2fold change| >1 and P value <0.05, these genes were 
considered to be significantly different.

Analysis of immune cell invasion

Based on the above risk model, the risk population has 
been divided into two subgroups: low- and high-risk. 
We obtained the LM22 gene set from the CIBERSORT 
website (http://cibersort.stanford.edu/) to estimate the total 
immune infiltration in each MC sample and immune cell 
subsets. The CIBERSORT algorithm was used to score 
21 immune cells, and a matrix of 1,000 permutations was 
used to calculate the CIBERSORT P values. The “vioplot” 
and “corrplot” R software packages were used to visualize 
the differential expression of immune cell infiltration (ICI) 
in the different risk groups and the correlation between 
different immune cells. Finally, Spearman rank correlation 
coefficient was used to evaluate the correlation between 
different tumor immune cell types. The threshold for 
screening different risk groups was set to P<0.05.

Analysis of TMB

Somatic mutation data of mucinous colonic adenocarcinoma 
was obtained from TCGA database, and the TMB of each 
sample were calculated. The TMB differences between the 
different risk groups were visualized, and Kaplan-Meier 
curves were plotted for the low- and high-risk groups. The 
results were visualized using the “maftools” (29), “limma”, 
“ggpubr”, and “survival” R software packages.

Analysis of immunophenotype score (IPS)

IPS determines immunogenicity by referring to effector 
cells, immunosuppressive cells, MHC molecules, and 
immunomodulators. The IPS results of TCGA-COAD 
patients were downloaded from The Cancer Immunome 
Atlas (TCIA) (https://tcia.at/home). We visualized the IPS 
analysis results using “reshape2”, “ggpubr” R packages.

Table 1 Clinical characteristics of MC patients

Variables Value (n=72)

Age (years), n (%)

≤65 26 (36.1)

>65 38 (52.8)

Unknown 8 (11.1)

Gender, n (%)

Female 32 (44.4)

Male 32 (44.4)

Unknown 8 (11.1)

Pathological stage, n (%)

I 10 (13.9)

II 26 (36.1)

III 21 (29.2)

IV 7 (9.7)

Unknown 8 (11.1)

T stage, n (%)

T1 1 (1.4)

T2 9 (12.5)

T3 42 (58.3)

T4 12 (16.7)

Unknown 8 (11.1)

N stage, n (%)

N0 37 (51.4)

N1 14 (19.4)

N2 13 (18.1)

Unknown 8 (11.1)

M stage, n (%)

M0 46 (63.9)

M1 7 (9.7)

MX 10 (13.9)

Unknown 9 (12.5)

MC, mucinous adenocarcinoma.
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m7G-related lncRNAs modification prediction

In theory, direct RNA sequencing can detect any given 
modification in a natural RNA molecule in real-time and 
simultaneously (30). We used the m7GFinder predictor in 
the m7GHub V2.0 database to predict whether the relevant 
lncRNAs are likely to undergo m7G modification (31,32).

Statistical analysis

All analyses in this study were performed using R software 
(version 4.1.0). Unless otherwise noted, statistical 
significance was set at P<0.05.

Results

Identification of m7G-related lncRNAs and construction of 
the prognostic signature

In TCGA-COAD dataset, we selected 72 samples of MC 
tissue and 41 adjacent tissues. To investigate the association 
between m7G and MC, we obtained a set of 39 genes 
identified as regulators of m7G from the GSEA website. The 
expression levels of these genes and lncRNAs were used in a 
co-expression analysis, resulting in the identification of 432 
lncRNAs associated with m7G (Figure 2A).

Subsequently, univariate Cox regression analysis was 
performed to identify 15 m7G-related lncRNAs (P<0.01): 
AC009133.1, AC009403.1, AC090152.1, AC254629.1, 
AL133370.1 ,  AP006621.3 ,  ILF3-DT ,  LINC01133 , 
LINC01134, MAN1B1-DT, MHENCR, SATB2-AS1, SMIM2-
AS1, TP53TG1, and XACT (Figure 2B). To further screen for 
prognostic factors, LASSO regression analysis was performed 
on these 15 genes. We determined the optimal parameter λ via 
1000-fold cross-validation and calculated the corresponding 
coefficients based on the minimum corresponding criterion 
(Table 2) to select eight genes: AC090152.1, AC254629.1, 
LINC01133, LINC01134, MAN1B1-DT, MHENCR, SMIM2-
AS1, and XACT (Figure 2C).

Finally, Kaplan-Meier survival analysis was performed on 
these eight lncRNAs, and the results showed that the low 
expression of six genes was associated with good prognosis 
(Figure S1). The subsequent analysis was based on these 
six genes. The interaction network between m7G-related 
lncRNAs and m7G regulators (Figure 2D) consisted of 
six lncRNAs and 13 regulators. The correlation of the six 
lncRNAs with the target genes was visualized by Sankey 
diagram and included positive and negative correlations 
(Figure 2D).

Clinical significance of the m7G-related lncRNA 
prognostic signature

To verify the clinical significance of these lncRNAs, 
differential expression analysis was performed. As shown 
in Figure 3A, only the expression of MHENCR in cancer 
tissues was slightly higher than that in adjacent tissues, 
and the expression of the other genes in cancer tissues was 
significantly lower than that in adjacent tissues. We then 
also examined the relationship between the expression of 
m7G-related lncRNAs and clinicopathological features. 
The results showed that the expression of six prognosis-
related lncRNAs was significantly different in the different 
molecular subtypes of colon cancer (P<0.001) (Figure 3B). 
In addition, the expression of XACT was significantly 
different in different stages (stages I, II, III, and IV) and also 
varied according to T stage (T1, T2, T3, and T4), while the 
remaining genes showed no significant difference in these 
pathological stages (Figure 3B).

Validity of the m7G-related lncRNA prognostic signature

Based on the risk scoring model described above, we divided 
the patients into two subgroups: low- and high-risk. The 
heat maps of both the training set and the test set showed 
different expression patterns of six lncRNAs between high-
risk and low-risk groups (Figure S2A,S2B), and the entire 
set yielded similar results (Figure 4A). The hazard curves 
and scatter plots in Figure 4B show that patients with 
higher risk scores had worse survival, as well as results in 
the training set and test set (Figure S2C,S2D). We also 
performed a Kaplan-Meier analysis to predict survival, 
which showed that the low-risk group had a favorable 
prognosis (Figure 4C, Figure S2E,S2F). Moreover, the AUC 
values for 3-, 5-, and 10-year survival of the training set 
were 0.944, 0.957, and 1.000, respectively (Figure S2G). 
And in the test set were 0.964, 1.000, and 1.000, respectively 
(Figure S2H). These results indicated that the m7G-lnRNAs 
signature could predict prognosis for patients of MC.

Subsequently, univariate and multivariate Cox regression 
and ROC analysis were performed to determine whether 
clinicopathological characteristics could serve as reliable 
prognostic factors for MC. Univariate and multivariate 
regression analyses of clinical characteristics and risk score 
were performed for patients with MC. The results of risk 
score were [hazard ratio (HR): 6.458, 95% confidence 
interval (CI): 2.708–15.403, P<0.001; HR: 7.280, 95% CI: 
2.500–21.203, P<0.001], respectively (Table 3). Thus, the 

https://cdn.amegroups.cn/static/public/JGO-23-980-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-23-980-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-23-980-Supplementary.pdf
https://cdn.amegroups.cn/static/public/JGO-23-980-Supplementary.pdf
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https://cdn.amegroups.cn/static/public/JGO-23-980-Supplementary.pdf
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Figure 2 Identification of prognosis-associated m7G-related lncRNAs. (A) Sankey diagram displaying the correlation between m7G 
and m7G-related lncRNAs. (B) Forest map of univariate Cox regression analysis showing the 15 m7G-related lncRNAs associated with 
prognosis. (C) LASSO regression was used to further screen the related lncRNAs. (D) Co-expression network and Sankey diagram showed 
associations between m7G and prognosis-associated m7G-related lncRNAs. m7G, N7-methylguanosine; lncRNA, long non-coding RNA; 
CI, confidence interval; mRNA, messenger RNA; LASSO, least absolute shrinkage and selection operator.
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Table 2 Corresponding coefficients of m7G-related lncRNAs used 
to construct a prognostic signature

LncRNA Coefficient

AC090152.1 −0.308122075740802

AC254629.1 0.000526087922221737

LINC01133 0.211606769910181

LINC01134 0.182367469016534

Table 2 (continued)

Table 2 (continued)

LncRNA Coefficient

MAN1B1-DT 0.317633432140595

MHENCR 0.403254381313619

SMIM2-AS1 0.306374489757572

XACT 0.103634371005555

m7G, N7-methylguanosine; lncRNA, long non-coding RNA.
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risk score could be considered an independent prognostic 
factor for MC. Next, we constructed ROC curves for age, 
sex, pathological stage, and risk score. As shown in Figure 
5A, risk score had an AUC of 0.961, which was significantly 
higher than those of the other clinical variables. The 

AUC values of the risk score as an independent prognostic 
factor for 3, 5, and 10 years were 0.911, 0.955, and 0.961, 
respectively. Finally, we included age and risk score in 
the nomogram (Figure 5B) and performed nomogram 
calibration. The results showed that the calibration model 
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Figure 3 Differential expression analysis of prognosis-associated m7G-related lncRNAs. (A) A paired differential expression analysis of six 
m7G-related lncRNAs in normal and MC tissues. (B) Differential expression analysis of six m7G-related lncRNAs in colon cancer tissues 
by molecular subtype and in MC by histological stage, T stage, and N stage. ns, not significant; *, P<0.05; ***, P<0.001. LncRNA, long non-
coding RNA; m7G, N7-methylguanosine; MC, mucinous adenocarcinoma.
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and ideal line were very close, indicating good calibration 
(Figure 5C). These results provided further validation of the 
reliability of the risk score as a prognostic factor for MC.

Distribution of the different risk groups and differences in 
biological pathways

PCA was performed on the low- and high-risk groups, 

and the results showed that the prognostic risk model 
could better distinguish the low-risk group and the high-
risk groups than the other three groups (Figure 6A), 
which further supports the accuracy of the signature. In 
addition, we performed pathway enrichment analysis of 
the significantly differentially expressed genes between the 
different risk groups to investigate the potential biological 
processes affecting the risk score. According to the KEGG 
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Figure 4 Prognostic value of m7G-related lncRNAs. (A) Heatmap of m7G-related lncRNA expression and clinicopathological factors of the 
low- and high-risk groups. (B) Risk score and survival status maps of patients. (C) Kaplan-Meier survival analysis in different risk groups. ***, 
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Table 3 Univariate and multivariate regression analysis for the clinical characteristics and risk score 

Characteristics
Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Age (years) 1.008 (0.996–1.051) 0.720 1.066 (1.005–1.130) 0.033

Gender 1.025 (0.358–2.935) 0.963 0.545 (0.119–2.491) 0.434

Stage 1.915 (0.992–3.696) 0.053 0.623 (0.140–2.769) 0.534

T 2.757 (0.977–7.783) 0.055 4.014 (0.952–16.927) 0.058

M 1.320 (0.684–2.547) 0.407 0.948 (0.295–3.045) 0.928

N 1.908 (0.999–3.645) 0.050 2.916 (0.686–12.400) 0.147

Risk score 6.458 (2.708–15.403) <0.001 7.280 (2.500–21.203) <0.001

HR, hazard ratio; CI, confidence interval.

Figure 5 Assessment and verification of the m7G-related lncRNA prognostic signature and establishment of a nomogram. (A) ROC curve of 
the m7G-related lncRNA prognostic signature and clinicopathological factors. (B) The 3-, 5-, and 10-year nomogram projections based on 
the prognostic factors. (C) Calibration diagram of the measurement nomogram. AUC, area under the ROC curve; ROC, receiver operating 
characteristic; prob., probability; OS, overall survival; m7G, N7-methylguanosine; lncRNA, long non-coding RNA.
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results, these differentially expressed genes were mainly 
enriched in the viral protein interaction with cytokine 
and cytokine receptor, pantothenate and coenzyme A 
biosynthesis, and α-linolenic acid metabolism signaling 
pathways. GO enrichment analysis revealed that these 
genes were found to be mainly involved in the regulation 
of macrophage activation, alcohol dehydrogenase (NADP+) 
activity, and RAGE receptor binding and other related 
signaling pathways (Figure 6B).

Correlation between the prognostic signature and tumor 
ICI

Immune cells also play a critical role in the tumor 
microenvironment. Therefore, it was further investigated 
whether the risk model associated with the m7G-lncRNA 
prognostic signature correlates with the expression of 21 
tumor-infiltrating immune cell types. The results showed 
that the infiltration levels of memory B cells (P<0.001), 
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plasma cells (P<0.001), activated memory CD4 T cells 
(P<0.001), resting natural killer (NK) cells (P<0.001), 
activated NK cells (P=0.005), monocytes (P=0.006), M0 
macrophages (P<0.001), M1 macrophages (P=0.001), M2 
macrophages (P<0.001), resting mast cells (P<0.001), and 
activated mast cells (P<0.001) were significantly different 
between the low- and high-risk groups (Figure 7A). In 
addition, the correlations between tumor-infiltrating 
immune cells in MC tissues (Figure 7B) showed that resting 
NK cells were negatively correlated with activated NK 
cells (r=−0.65) and resting mast cells (r=−0.58), respectively. 
There was also a negative correlation between M0 
macrophages and plasma cells (r=−0.52).

Association of the prognostic signature with TMB

To test the potential value of TMB in MC. TMB analysis 
was performed on the somatic mutation data of MC of 
colon cancer obtained from TCGA database. The results 
showed that TMB was high in all risk groups, reaching 
96.3% (Figure 7C). The titin (TTN) gene, the tumor 
suppressor gene APC, and oncogenes including KRAS 
and SYNE1 were found to be commonly mutated, but the 
mutation frequencies of these genes across the different 
risk groups varied. In high-risk patients, the gene with 
the highest mutation frequency was APC, and the most 
common mutation type was multihit. In low-risk patients, 
the most frequently mutated gene was TTN, and its most 
frequently mutated type was also multihit. In addition, 
TMB was significantly different between the risk groups 
(P=0.034) (Figure 7D). Survival analysis showed that 
regardless of TMB risk, patients with MC and a high-risk 
score consistently had poor OS (Figure 7E). These results 
indicated that TMB may have prognostic significance in 
patients with MC.

Association of the prognostic signature with IPS

PD1 and CTLA4 were included in the IPS analysis and 
further divided into four components: ips_ctla4_neg_pd1_
neg (negative reaction of CTLA4 and negative reaction of 
PD1), ips_ctla4_neg_pd1_pos (negative reaction of CTLA4 
and positive reaction of PD1), ips_ctla4_pos_pd1_neg 
(positive reaction of CTLA4 and negative reaction of PD1), 
and ips_ctla4_pos_pd1_pos (positive reaction of CTLA4 
and positive reaction of PD1). In different risk groups, the 
mean IPS showed no significant differences in the four 
components of the negative or positive response to PD1 

and CTLA4 (Figure S3). These results suggest that this 
prognostic signature may lack efficacy in risk score models 
that predict response to treatment with PD1 and CTLA4.

m7G modification prediction results

m7GFinder is a proven high precision predictor based 
on deep neural network models. Users only need to 
input the standard FASTA format of the RNA sequence 
to achieve m7G modification prediction of direct RNA 
sequencing samples (32). We predicted five lncRNAs 
that had previously included prognostic signatures (The 
transcriptome sequence file of AC254629.1 gene could 
not be found.). The prediction results indicated that m7G 
modification might occur in LINC01133 and SMIM2-AS1.

Discussion

MC is a relatively common type of colon cancer, with the 
highest prevalence in people aged 40 to 50 years of age. 
However, as societal habits change, the incidence of the 
disease has increased, with younger people tending to be 
affected. Clinically, early specific symptoms are not obvious, 
and distant metastases are prone to occur. The disease has 
a poor prognosis and survival rate and is difficult to cure, 
thus posing a serious threat to the health of those afflicted 
(33-35). Surgery remains the first treatment option for 
this disease, including laparoscopic and open surgery (36). 
Laparoscopic surgery is widely used due to its high safety, 
low injury, and short recovery time, but its efficacy is still 
debated due to limitations in surgical requirements and 
the level of technology (37). Therefore, it is necessary to 
explore new prognostic markers for patient diagnosis and 
prognosis to improve the efficacy of treatment.

RNA methylation, including m5C, m1A, m6A, m7G, etc., 
is an important epigenetic modification involved in post-
transcriptional gene regulation. As one of the most abundant 
types of methylation modification in RNA, m7G is closely 
related to the occurrence and development of cancer. Some 
studies have examined m7G-related lncRNAs as prognostic 
markers in patients with lung adenocarcinoma (38), gastric 
cancer (39), pancreatic cancer (40), bladder cancer (41). 
Taken together, the above results support the use of m7G-
related lncRNAs as prognostic and diagnostic markers for a 
variety of cancers. In this study, we identified and validated 
six m7G-related lncRNAs (AC254629.1, LINC01133, 
LINC01134, MHENCR, SMIM2-AS1, and XACT) with 
prognostic value and established a prognostic signature in 

https://cdn.amegroups.cn/static/public/JGO-23-980-Supplementary.pdf
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Figure 7 Correlation of prognostic signature with ICI levels and TMB. (A) Immune infiltration levels of 21 tumor immune cells in 
the different risk groups. (B) Spearman correlation analysis of immune cells. (C) Waterfall plot displaying the information of the top  
15 mutation genes in the low- and high-risk groups. (D) Differential TMB analysis between different risk groups. (E) Kaplan-Meier curve 
analysis of OS based on TMB and risk score. NK, natural killer; TMB, tumor mutational burden; H-TMB, high-TMB; L-TMB, low-TMB; 
ICI, immune cell infiltration; OS, overall survival.
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MC. To our knowledge, this is the first study to report a 
predictive assessment of MC-associated lncRNAs linked to 
m7G-associated genes.

Among the lncRNAs in the constructed prognostic 
signature, AC254629.1 has been shown to have prognostic 
value in early CRC (42). LINC01133 has been shown to 
play an important role in the occurrence and development 
of gastric (43), epithelial ovarian (44), cervical (45), and 
pancreatic cancers (46). LINC01134 has been proven 
to be relevant to immune response and metabolism in 
hepatocellular carcinoma (HCC) and has also been identified 
as an effective biomarker for HCC treatment (47,48). 
Furthermore, MHENCR has been found to be a predictor 
of poor prognosis in CRC patients and a regulator of 
tumourigenesis through the inhibition of miR-532-p (49).  
Vallot et al. demonstrated a unique role for XACT in 
controlling the initiation of inactivation of the human 
X-chromosome (50). However, the involvement of m7G-
related lncRNAs in MC has not been found. Therefore, we 
focused on lncRNAs co-expressed with m7G-related genes 
in MC and used bioinformatics and statistical techniques to 
create prognostic signature models of MC.

In this study, we identified differentially expressed 
m7G-related lncRNAs between MC tissues and adjacent 
tissues and revealed the prognostic value of m7G-related 
lncRNAs in MC. More significantly, a novel prognostic 
signature was identified and confirmed based on differential 
expression of m7G-lncRNA with prognostic value. Using 
multivariate Cox and risk scoring methods, we constructed 
an m7G-lncRNA-associated risk model that divided all 
MC patients into high-risk and low-risk groups with 
significant OS differences. According to Kaplan-Meier 
survival analysis, OS was worse in the high-risk subgroup 
compared to the low-risk subgroup, regardless of clinical 
characteristics. ROC curve, nomogram, and calibration 
chart were used to verify the survival prediction accuracy of 
m7G-associated lncRNA prognostic signature. Compared 
with traditional indicators such as cancer grade, stage, and 
age, the risk scores performed better in predicting patient 
survival. In addition, enrichment analysis was performed on 
differentially expressed genes in the different risk groups, 
which were primarily enriched in immune-related viral 
protein interactions with cytokines and cytokine receptor 
signaling pathways. We speculate that the lncRNAs in the 
prognostic signature may influence MC by modulating 
immune-related pathways. 

Tumor ICI refers to the infiltration of immune cells into 
the tumor. In colon cancer, ICI with a better prognosis 

is characterized by high plasma cells, dendritic cells, and 
mast cells, low CD4+ T cell memory, and M0, M1, and M2 
macrophages (51). We investigated the immune status of the 
different risk score groups and found that different levels 
of ICI differed between them. In the low-risk group, the 
infiltration levels of multiple cell types, including memory 
B cells, plasma cells, activated memory CD4 T cells, resting 
NK cells, activated NK cells, monocytes, M0 macrophages, 
M1 macrophages, M2 macrophages, resting mast cells, 
activated mast cells, and neutrophils, were significantly 
higher than that in the high-risk group. These results 
suggest that various tumor immune cell characteristics in 
MC patients can be distinguished based on risk scores of 
m7G-associated lncRNA prognostic signature. TMB refers 
to the total number of mutations per megabyte in tumor 
tissue and has also become a biomarker for immunological 
testing and prognostic analysis in a variety of cancers (52,53). 
It is believed that a high TMB state is associated with more 
tumor neoantigens, and that more tumor neoantigens present 
on the surface of tumor cells may be recognized by immune 
cells and activate the body’s immune system to kill tumors. 
Colon cancer patients with high TMB (TMB ≥8 muts/Mb)  
have been reported to exhibit longer OS than colon cancer 
patients with low TMB (54,55). In this study, we also 
explored the correlation between the prognostic signature 
and TMB. We found that several classical tumor-related 
genes, such as APC, TTN, and TP53, also showed a high 
mutation frequency in the two risk subgroups in the TMB 
analysis. There were significant differences in TMB across 
risk groups, with patients in the high-risk and high-TMB 
groups having the worst survival. The results suggested that 
the prognostic signature is able to predict the TMB of the 
patient and that the combination of TMB and prognostic 
signature may be effective in guiding the prognosis 
prediction and immunoefficacy of patients.

Despite these promising findings, some limitations to 
this study should be addressed. First, the experiment was 
based on the case data from a public database, TCGA, 
which could have involved bias from the included cases. 
Second, this study mainly used bioinformatic analysis 
methods, and the expression of this gene should be further 
verified by clinical and cell line-specific experiments.

Conclusions

In this study, we screened and constructed six m7G-
associated lncRNAs as prognostic signatures based on the 
clinical and transcriptomic data of TCGA and confirmed 
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its good performance in the prognosis of mucinous 
colonic adenocarcinoma. Finally, we also evaluated the 
correlation between the prognostic signature and TMB, 
IPS, and showed that the combination of TMB and 
prognostic signature better predicted patients’ survival. In 
conclusion, m7G-associated lncRNA prognostic signatures 
are potentially valuable for the prognosis and diagnosis of 
mucinous colonic adenocarcinoma.
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Supplementary

Figure S1 Prognostic survival status of eight genes.
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Figure S2 Validation of the prognostic risk model. (A,B) The heat maps of the training and test sets showed the differential expression of 
six prognostic m7G-related lncRNAs in high-risk and low-risk groups. (C,D) Scatter plots showed the distribution of risk scores of high-
risk and low-risk groups based on the training and test sets, and the relationship between survival time and risk score. (E,F) The results of 
the survival analysis based on the training and test sets both show that the low-risk group has a better survival status. (G,H) The ROC curve 
results of the training and test sets have good performance. AUC, area under the ROC curve; ROC, receiver operating characteristic; m7G, 
N7-methylguanosine; lncRNA, long non-coding RNA.
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Figure S3 Immunephenotype score results for different risk groups. ips_ctla4_neg_pd1_neg, negative reaction of CTLA4 and negative 
reaction of PD1 in the IPS analysis; IPS, immunophenotype score; ips_ctla4_neg_pd1_pos, negative reaction of CTLA4 and positive 
reaction of PD1 in the IPS analysis; ips_ctla4_pos_pd1_neg, positive reaction of CTLA4 and negative reaction of PD1 in the IPS analysis; 
ips_ctla4_pos_pd1_pos, positive reaction of CTLA4 and positive reaction of PD1 in the IPS analysis.

Table S1 Thirty-nine m7G-related regulators

DCP2

NUDT1

NUDT10

NUDT11

NUDT16

NUDT3

NUDT4

NUDT4B

NUDT5

NUDT7

AGO2

CYFIP1

DCPS

EIF4E

EIF4E1B

EIF4E2

EIF4E3

GEMIN5

LARP1

Table S1 (continued)

Table S1 (continued)

NCBP1

NCBP2

NCBP3

EIF3D

EIF4A1

EIF4G3

IFIT5

LSM1

NCBP2L

SNUPN

METTL1

NSUN2

WDR4

WBSCR22

TRMT112

RNMT

RAM

CYFIP2

ECBP3

m7G, N7-methylguanosine.
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Table S2 Four hundred and thirty-two lncRNAs associated with m7G

AC003102.1 AC025171.2 AC108047.1 AL354743.2 BX842570.1 FOXD2-AS1 LINC00997 MCM3AP-AS1 PLBD1-AS1 SNHG32 ZNF528-AS1

AC004148.1 AC025181.2 AC108860.2 AL354920.1 C1RL-AS1 FTX LINC01012 MCPH1-AS1 POC1B-AS1 SNHG4 ZNF667-AS1

AC004233.2 AC025580.2 AC109460.2 AL355001.2 C21orf62-AS1 GABPB1-AS1 LINC01094 MHENCR PPM1F-AS1 SNHG6

AC004812.2 AC027020.2 AC112220.2 AL355488.1 C2orf27A GARS1-DT LINC01106 MINCR PPP3CB-AS1 SNHG7

AC004918.3 AC027228.2 AC116366.1 AL355987.4 C6orf223 GAS5 LINC01123 MIR17HG PRANCR SNHG8

AC004982.2 AC027307.2 AC121338.2 AL365181.3 C8orf44 GAS6-AS1 LINC01124 MIR194-2HG PRDX6-AS1 SP2-AS1

AC005083.1 AC040970.1 AC124045.1 AL365361.1 CAPN10-DT GATA6-AS1 LINC01133 MIR222HG PRKAG2-AS1 SPINT1-AS1

AC005229.4 AC046134.2 AC124067.4 AL390719.2 CARMN GPRC5D-AS1 LINC01134 MIR22HG PRR26 ST20-AS1

AC005261.1 AC048341.1 AC124798.1 AL391121.1 CASC15 HAND2-AS1 LINC01138 MIR29B2CHG PSMA3-AS1 STARD4-AS1

AC005674.1 AC060780.1 AC125807.2 AL391422.4 CASC19 HCG11 LINC01184 MIR3142HG PSMG3-AS1 STX18-AS1

AC006001.2 AC067750.1 AC127502.2 AL445524.1 CASC2 HCG18 LINC01224 MIR34AHG PVT1 SUCLG2-AS1

AC006230.1 AC067852.2 AC131097.2 AL451123.1 CCDC18-AS1 HHLA3 LINC01315 MIR3936HG PXN-AS1 TAPT1-AS1

AC007114.1 AC068888.1 AC139887.2 AL451165.2 CCNT2-AS1 HNF1A-AS1 LINC01355 MIR4435-2HG RAB30-DT TBILA

AC007996.1 AC073073.2 AC144831.1 AL513165.1 CD2BP2-DT ILF3-DT LINC01504 MIR4453HG RARA-AS1 THAP9-AS1

AC008124.1 AC074117.1 AC234917.3 AL513327.1 CDKN2B-AS1 IQCH-AS1 LINC01560 MIR600HG RNASEH1-AS1 THUMPD3-AS1

AC009065.2 AC078846.1 AC254629.1 AL513550.1 CEBPA-DT IRF1-AS1 LINC01569 MIR762HG RNF139-AS1 TMED2-DT

AC009065.5 AC078883.1 ADIRF-AS1 AL590064.1 CH17-340M24.3 ITGA9-AS1 LINC01588 MIR924HG RNF216P1 TMEM9B-AS1

AC009120.2 AC079922.2 AF117829.1 AL590666.2 COX10-AS1 JPX LINC01637 MIRLET7A1HG RPARP-AS1 TMPO-AS1

AC009133.1 AC083799.1 AF131215.5 AL596202.1 CRNDE KCNQ1OT1 LINC01806 MIRLET7BHG RTCA-AS1 TNFRSF14-AS1

AC009283.1 AC087741.1 AL021707.6 AL662844.4 CTBP1-DT KDM7A-DT LINC01814 MKLN1-AS RUSC1-AS1 TP53TG1

AC009403.1 AC090152.1 AL022311.1 AL691482.3 CYTOR LENG8-AS1 LINC01843 MMP25-AS1 SAP30L-AS1 TRG-AS1

AC009404.1 AC090559.1 AL022322.1 AL731571.1 DANCR LINC-PINT LINC02012 MNX1-AS1 SATB2-AS1 TRIM52-AS1

AC010326.3 AC091057.1 AL024508.1 ANKRD10-IT1 DGCR11 LINC00174 LINC02035 MROCKI SBF2-AS1 TSPOAP1-AS1

AC010503.4 AC092171.3 AL031985.3 AP001042.1 DGUOK-AS1 LINC00205 LINC02245 MSC-AS1 SEPSECS-AS1 TTC28-AS1

AC010642.2 AC092329.4 AL035071.1 AP001372.2 DHRS4-AS1 LINC00239 LINC02362 MZF1-AS1 SERTAD4-AS1 TTN-AS1

AC011815.1 AC092368.3 AL049840.2 AP001469.3 DICER1-AS1 LINC00261 LINC02381 N4BP2L2-IT2 SGMS1-AS1 U91328.1

AC012360.3 AC092747.4 AL049840.5 AP001542.3 DIO3OS LINC00294 LINC02568 NCK1-DT SLC16A1-AS1 UBA6-AS1

AC012467.2 AC092910.3 AL050341.2 AP001994.3 DLEU1 LINC00324 LINC02604 NDUFA6-DT SLC25A25-AS1 UGDH-AS1

AC015813.1 AC092944.1 AL080317.2 AP002026.1 DLEU2 LINC00342 LINC02614 NEAT1 SLC9A3-AS1 URB1-AS1

AC015922.3 AC093157.1 AL109615.4 AP002387.1 DLGAP1-AS1 LINC00482 LINC02688 NIFK-AS1 SMIM2-AS1 VPS9D1-AS1

AC016065.1 AC093297.2 AL118505.1 AP003119.3 EBLN3P LINC00513 LINC02747 NNT-AS1 SNHG1 WARS2-AS1

AC016727.1 AC093673.1 AL118506.1 AP003774.2 ELFN1-AS1 LINC00526 LINC02762 NORAD SNHG10 WDFY3-AS2

AC018645.3 AC093827.4 AL118516.1 AP006621.3 EMSLR LINC00543 LINC02884 NUP50-DT SNHG11 XACT

AC018647.2 AC097382.3 AL121832.3 ARHGEF35-AS1 ENTPD1-AS1 LINC00630 LYRM4-AS1 OGFRP1 SNHG12 Z83843.1

AC020915.2 AC097448.1 AL121839.2 ARRDC1-AS1 ENTPD3-AS1 LINC00641 MAFG-DT OIP5-AS1 SNHG14 Z95115.1

AC020916.1 AC097639.1 AL133370.1 ASH1L-AS1 EPB41L4A-AS1 LINC00662 MAGI2-AS3 OLMALINC SNHG15 ZBTB11-AS1

AC021078.1 AC098484.4 AL133410.1 ATP2B1-AS1 EPCAM-DT LINC00665 MAILR OSER1-DT SNHG16 ZEB1-AS1

AC022034.1 AC100861.1 AL137003.1 B3GAT1-DT EXOC3-AS1 LINC00667 MALAT1 PAXIP1-AS1 SNHG17 ZFAND2A-DT

AC022167.2 AC103702.2 AL139246.3 B4GALT1-AS1 FAM111A-DT LINC00702 MALINC1 PCAT6 SNHG19 ZKSCAN2-DT

AC022210.1 AC104825.1 AL139287.1 BACE1-AS FAM30A LINC00863 MAN1B1-DT PCBP1-AS1 SNHG20 ZNF213-AS1

AC023157.2 AC107027.3 AL158212.3 BAIAP2-DT FBXO30-DT LINC00894 MAPKAPK5-AS1 PDCD4-AS1 SNHG26 ZNF337-AS1

AC024060.2 AC107068.1 AL162595.1 BDNF-AS FGD5-AS1 LINC00926 MBNL1-AS1 PDXDC2P-NPIPB14P SNHG29 ZNF433-AS1

AC025171.1 AC107959.1 AL353796.1 BHLHE40-AS1 FLJ37453 LINC00963 MCF2L-AS1 PELATON SNHG3 ZNF503-AS2

LncRNA, long non-coding RNA; m7G, N7-methylguanosine.


