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Background: 7-Methylguanosine(m7G) contributes greatly to its pathogenesis

and progression in colorectal cancer. We proposed building a prognosticmodel

of m7G-related LncRNAs. Our prognostic model was used to identify

differences between hot and cold tumors.

Methods: The study included 647 colorectal cancer patients (51 cancer-free

patients and 647 cancer patients) from The Cancer Genome Atlas (TCGA). We

identified m7G-related prognostic lncRNAs by employing the univariate Cox

regression method. Assessments were conducted using univariate Cox

regression, multivariate Cox regression, receiver operating characteristics

(ROC), nomogram, calibration curves, and Kaplan-Meier analysis. All of these

procedures were used with the aim of confirming the validity and stability of the

model. Besides these two analyses, we also conducted half-maximal inhibitory

concentration (IC50), immune analysis, principal component analysis (PCA),

and gene set enrichment analysis (GSEA). The entire set of m7G-related

(lncRNAs) with respect to cold and hot tumors has been divided into two

clusters for further discussion of immunotherapy.

Results: The risk model was constructed with 17 m7G-related lncRNAs. A good

correlation was found between the calibration plots and the prognosis

prediction in the model. By assessing IC50 in a significant way across risk

groups, systemic treatment can be guided. By using clusters, it may be possible

to distinguish hot and cold tumors effectively and to aid in specific therapeutic

interventions. Cluster 1 was identified as having the highest response to

immunotherapy drugs and thus was identified as the hot tumor.

Conclusion: This study shows that 17 m7G-related lncRNA can be used in

clinical settings to predict prognosis and use them to determine whether a
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tumor is cold or hot in colorectal cancer and improve the individualization of

treatment.
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Introduction

Colorectal cancer (CRC), a significant public health danger

worldwide, remains a significant burden (Siegel et al., 2021). The

majority of CRC patients have been treated with surgery, radiation

therapy, and chemotherapy (Brenner et al., 2014), which are

insufficient to prevent colorectal cancer. There has been some

advancement in immunotherapy for colorectal cancer (Ganesh

et al., 2019), but resistance to immunotherapy still occurs at times

(Galon and Bruni, 2019). As such, it is imperative to investigate

how to enhance immunotherapy in CRC.

An extensive body of evidence suggests that RNAmodification

is crucial in regulating gene expression both during and after

transcription (Boccaletto et al., 2018; Mathlin et al., 2020). The

modification of RNA by all living organisms has been reported to

be 163 in number (Courtney et al., 2019; Chen et al., 2021). It is an

RNAmodification of N7-methylguanosine (m7G), a methyl group

is added to the seventh nucleotide of RNA. mRNA is more stable

with m7G modification (Furuichi et al., 1977; Shimotohno et al.,

1977). M7G is also thought to regulate cell differentiation (Lin

et al., 2018). Aside frommRNA, the m7Gmodification can also be

found on tRNAs, rRNAs, and miRNAs (Guy and Phizicky, 2014;

Sloan et al., 2017; Pandolfini et al., 2019). The AGO gene and

CYFIP1 has been reported and plays an important role in the

development of colorectal cancer (Kim et al., 2010; Liu et al., 2018;

Yan et al., 2019; Kennedy et al., 2020). The methylation complexes

involved in m7G methylation include METTL1 and WDR4 (11).

It is estimated that approximately 16,000 of these genes were

lncRNAs, accounting for about one quarter of the total number of

human genes. In contrast to miRNA and snRNA, lncRNAs are

longer and have a lower protein-coding potential (Rinn and Chang,

2012). In the past, researchers have suggested lncRNAs play a crucial

role in regulating transcription and post-translational regulation, as

well as chromatin modification (Wang et al., 2018). In studies

published recently, aberrant lncRNA expression in tumors was

examined as a diagnosis and prognosis marker (Poursheikhani

et al., 2020). Moreover, Evidence is accumulating that LncRNAs

contribute to tumor inflammation as well as assisting malignancies

to evade immune destruction (Dragomir et al., 2020). The role of

lncRNAs related to m7G as a potential therapeutic target has not

beenwidely explored to date in the treatment of CRC. Consequently,

we can gain greater insight into the roles of m7G and lncRNAs in

immunotherapy by acquiring more lncRNA-related knowledge.

Immunotherapy will be more effective if cold tumors are

transformed into hot tumors. This will lead to a breakthrough

in immunotherapy, but at this stage, the mechanisms of RNA

modification in CRC remain unclear. Nevertheless, there are still

no simple and effective means for identifying cancerous tumors

(Galon and Bruni, 2019). lncRNAs have been found to be highly

accurate cancer markers, hence we decided that combining

patients through m7G-related lncRNAs would improve clinical

prediction and diagnosis (Meng et al., 2019; Yuan et al., 2020).

Materials and methods

Colorectal cancer data gathering

The Cancer Genome Atlas TCGA (http://portal.gdc.

cancergov/) was used to study 647 colorectal cancer tissues

and 51 control tissues. We excluded patients with colorectal

cancer with missing overall survival (OS) and overall survival

(OS) of less than 30 days from this analysis in order to avoid

statistical bias. As a result of collecting pertinent clinical data, we

randomly assigned 589 patients to two risk groups: train risk and

test risk groups, respectively. Then we utilizing the R packages

and caret Strawberry Perl. This proportion was 1:1.

Genes selection and m7G-related
lncRNAs

M7G gene set consists of 26 genes and was obtained from

GSEA (http://www.gsea-msigdb.org/gsea/index.jsp).

Furthermore, based on reports previously on m7G, 29 genes

related to m7G have been collected (Supplementary Appendix

SAT1). We first performed co-expression analysis of 29 M7g

genes and LncRNAs in the colorectal cancer dataset from TCGA

(Pearson correlation coefficients >0.4, and p < 0.001). Following

this, we performed differential analysis of these LncRNAs (|

Log2fold change (FC)| > 1, false discovery rate (FDR) < 0.05, and

p < 0.05). We finally obtained the m7G-related lncRNAs to

construct a prognostic model for colorectal cancer.

The risk model establishment and
validation

We applied univariate Cox proportional hazard regression

analysis on the TCGAm7G-related lncRNAs, in order to identify

lncRNAs related to survival (p < 0.05). Afterward, our final

decision was made after applying 10-fold cross validation via
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Lasso regression with a 0.05 p-value for a total of 1,000 times, and

then we determined our final result. The random stimulus was

presented 1,000 times each to avoid overfitting. The model was

developed following the presentation of the random stimulus.

The curves for the receiver operating characteristic (ROC) of the

model for 3, 1, and 2 years were computed. These are the data

points that we used when calculating the risk score: k

risk score � ∑
n

k�1
coef(IncRNAk)pexpr(IncRNAk)

the coef (lncRNAn) referred to a short form of the coefficient

representing the correlation of lncRNAs with survival, and the expr

(lncRNAn) applied to the expression level for lncRNAs. Themedian

risk score was used as a criterion to divide the study participants into

subgroups according to risk (Meng et al., 2019; Hong et al., 2020). To

determine the prognosis, we utilized the Chi-square test to analyze

the relationship between the model and clinical factors.

Independence factors and receiver
operating characteristics

The receiver operating characteristic (ROC) analysis was

applied to measure the influence of multivariate (multi-Cox)

or univariate (uni-Cox) regression on outcomes.

Calibration and nomogram

To demonstrate whether our prediction was being matched

with the actual result, we used the risk score, the age of the patient,

and the stage of the tumor to construct a nomogram for 1-, 2-, and

3-years OS. To verify the consistency between the predictions and

the results, we applied the Hosmer-Lemeshow test.

Gene Set Enrichment Analyses

The gene set enrichment analysis is carried out on the m7G-

related gene set (kegg.v7.4.symbols.gmt) with the help of the gene

set enrichment analysis (GSEA) program (http://www.gsea-

msigdb.org/gsea/login.jsp) software. This program is designed

to analyze the statistically (p < 0.01) enriched pathways between

the two categories. They are the high and low-risk categories.

Investigating the tumor
microenvironment and immune
checkpoints

According to the results of the GSEA it was decided to assess

immune-cell factors in patients at high risk based on the GSEA.

TIMER 2.0 (http://timer.cistrome.org/) was used to compute the

immune infiltration status of colorectal cancer patients from the

TCGA using TIMER, CIBERSORT, XCELL, QUANTISEQ,

MCPcounter, and EPIC algorithms. From the same web, we

can obtain the infiltration profiles of all TCGA tumors. To

compare the difference in levels of immune cells infiltrating

into the body between the two categories, we used the

Wilcoxon signed-rank test and the R packages limma and

scales, along with the ggplot2 and ggtext packages. Bubble

charts were used to present the findings (Hong et al., 2020).

With the R package ggpubr, it was possible to compare

immunological checkpoint activation between low- and high-

risk categories.

Models of clinical reactions to the
treatment in an exploratory study

On the basis of the half-maximum inhibitory concentration

(IC50) calculate by Genomics of Drug Sensitivity in Cancer

(GDSC) (https://www.cancerrxgene.org) each colorectal cancer

patient is then tested for the therapeutic response using the R

package pRRophetic (Geeleher et al., 2014).

Clusters analysis

Based on the prognostic lncRNA expression in colorectal

cancer, we investigated molecular subgroups based on

ConsensusClusterPlus (CC) R package (Wilkerson and Hayes,

2010). We used the Rtsne R package to carry out a principal

component analysis (PCA), a T-distributed stochastic neighbor

embedding (T-SNE), as well as a Kaplan-Meier survival analysis.

Furthermore, the GSVA Base and R package pRRophetic were

utilized to conduct immunity analysis and drug sensitivity

comparisons.

Results

M7G-related LncRNAs in colorectal
cancer from TCGA

The study’s flow was shown in Figure 1. We collected

51 colorectal cancer-free samples and 647 colorectal cancer

samples from TCGA. Due to the expression of 29 m7G-related

genes, as well as lncRNAs that were significantly different in

expression (|Log2FC| > 1 and p < 0.05) between normal and

tumor samples, we obtained 827 m7G-related lncRNAs

(correlation coefficient >0.4 and p < 0.001) (Meng et al.,

2019; Shen et al., 2020). 747 of them had an increase in

expression, whereas the remaining 80 had a decrease in

expression (Figure 2A). Supplementary Appendix SAD1

and Figure 2B demonstrate the network diagram and data
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between genes involved in m7G, such as EIF4E1B and

METTL1.

Model construction and validation

We identified 28 m7G-related lncRNAs that showed a

statistically significant correlation with overall survival (OS)

(all p < 0.05) using univariate Cox (uni-Cox) regression

analysis and plotted the results (Figure 3A and Figure 3B). To

prevent an overfitting of the prognostic signature, the Lasso

regression technique was used. We identified 17 lncRNAs that

were associated with m7G in colorectal cancer when the lowest

deviation was achieved in Log(λ) for the first rank. (Figures

3C,D). In addition, the Sankey diagram revealed an upregulation

of 16 lncRNAs (Figure 3E).

The formula we used for calculating risk score: riskscore =

AL161729.4 × (0.0382) + AL137782.1 × (-0.3841) + ZFHX2-AS1

× (0.7618) + AP001619.1 × (0.6377) + AC008760.1 × (0.2205) +

AC007991.4 × (0.2908) + ALMS1-IT1 × (0.5570) + AC012313.5

× (-0.7829) + FGF14-AS2 × (0.1546) + AP006621.2 × (0.0097) +

AC245100.7 × (0.0587) + AL031985.3 × (-0.3110) + AC083900.1

× (0.3899) + AC007728.3×(-0.9178) + AC099850.4 × (-0.0122) +

NSMCE1-DT × (0.8168) + LINC02381 × (0.3508).

As a comparative study of low- and high-risk populations.

Utilizing the algorithm to compare the distribution of risk scores,

survival statuses, and survival times as well as expression criteria

for these lncRNAs in the train sets, test sets, and entire sets.

According to all of these indicators, there was a poor prognosis

for the high-risk populations (Figure 4A–L). As well as typical

clinicopathological parameters (Figure 4M–R).

Nomogram construction

In univariate Cox regression (HR = 1.174, 95% confidence

interval (CI) = 1.129–1.221; p < 0.001) and in multivariate Cox

regression (HR = 1.134, 95% confidence interval (CI) =

1.089–1.182; p < 0.001) (Figure 5A,B). Additionally, we

detected two additional independent predictive variables: age

(HR = 1.050 and 95% confidence interval (CI) = 1.030–1.070; p <
0.001) and stage (HR = 2.300 and 95% confidence interval (CI) =

1.842–2.900; p < 0.001). For CRC patients, our calculations were

a nomogram based on three independent prognostic factors that

can be used to predict their 1-, 2-, and 3-years survival: risk score

(p < 0.001), age (p < 0.001), and stage (p < 0.001) in multi-Cox

(Figure 5C). Furthermore, the first, second, and third-year

calibration plots showed that the nomogram closely

approximated predicting 1-, 2-, and 3-years OS. (Figure 5D).

The risk model evaluation

The prognostic models were carried out with time-

dependent receiver operating characteristics (ROC).

Furthermore, the results are presented using the area under

FIGURE 1
Study flow chart.

Frontiers in Genetics frontiersin.org04

Wu et al. 10.3389/fgene.2022.952836

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.952836


the ROC curve (AUC). The results of the ROC analysis were

also illustrated with an area under the ROC curve (AUC). The

1-, 2-, and 3-years AUC of the train set were 0.721, 0.804, and

0.805, of the test set were 0.714, 0.692, and 0.660, and of the

entire set were 0.712, 0.745, and 0.738, respectively. (Figures

5E–G). In an analysis of the 3-years ROC curve, the risk

model, clinical factors, and nomogram total score, the risk

model (0.712) demonstrated the highest predictive capability

of the data (Figure 5H).

GSEA

Using GSEA software, in order to determine whether there

were differences in biological functions in the high-risk patients,

we performed an analysis on the KEGG pathway for the high-risk

patients (Supplementary Fig 3). Among high-risk patients, in the

top 10 pathway list, eight of them had a significant correlation

with tumor invasion, whereas the others, such as “cytokine

receptor interaction,” had a significant association with

immunity (all p < 0.01; |NES| > 1.5) (Figure 6A) (Shen et al.,

2020). Due to this, we attempted to analyze the model based on

immunity.

Studying immunity factors and clinical
strategies for high-risk groups

On several platforms, such as T cell CD4+ memory,

Macrophage M1 at XCELL, T cell CD8+, Macrophage at

TIMER, Macrophage M1 at QUANTISEQ, and cancer-

associated fibroblast at MCPcounter and EPIC, showed strong

associations with high-risk patients. (all p < 0.05) (Figure 6B)

(Supplementary Appendix SAD2). The majority of immune cells

were also more activated among high-risk patients. According to

these findings, the high-risk patients displayed a higher level of

immunological infiltration (all p < 0.05) (Figure 6C–E). Almost

all immune checkpoints were activated in the high-risk group

(Figure 6F), which means that colorectal cancer patients can be

treated with immune checkpoint inhibitors based on the risk

model (Johdi and Sukor, 2020). Additionally, we discovered that

16 chemical or targeted medicines (all p < 0.001) (Supplementary

Fig 1), including Shikonin.

Identifying cold and hot tumors and
medicine

Previously published reporters have demonstrated that there

are different types and subtypes of clusters that are usually

associated with different immune microenvironments,

resulting in various immunotherapeutic effects (DeBerardinis,

2020; Shen et al., 2020). Two clusters of patients were derived

based on 17 m7G-related lncRNAs using the

ConsensusClusterPlus (CC) R package (Figure 7A) and

Supplementary Fig 4 (27). As a result of the T-distributed

stochastic neighbor embedding (t-SNE), we have been able to

discern two clusters (Figure 7B). Additionally, we carried out

Principal Component Analysis (PCA) to check that the PCA

values for clusters were different (Figure 7C). Further, A better

FIGURE 2
Identification of the m7G-related lncRNAs in patients with
colorectal cancer. (A) The volcano plot of 827 differentially
expressed m7G-related lncRNAs. (B) The network between m7G
genes and lncRNAs (correlation coefficients >0.4 and p <
0.001).
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OS was identified in cluster 2 (p = 0.046) in the Kaplan-Meier

analysis (Figure 7D). Also, a chart was made to verify its

relationship with risk. Cluster 1 were significantly associated

with high risk, whereas cluster 2 were significantly associated

with low risk (p < 0.001) (Figure 7E). These results from Cluster

1 below can provide important insights into how to treat patients

in high-risk groups. Cluster 1 was significantly infiltrated by

immune cells, as determined by the analysis of the different

platforms (Figure 7J) (Supplementary Appendix SAD3). There

was a significant association between cluster 1 and a high

ESTIMATE score and immune score over cluster 2, indicating

that this is a distinct TME (Figures 7F–H). In cluster 1, almost all

FIGURE 3
Analysis of the prognostic value of m7G-related lncRNAs in CRC. (A) Identification of prognostic lncRNAs using univariate Cox regression. (B)
Prognostic lncRNA expression profiles of 28 genes. (C) Cross-validation of the LASSO model for variable selection in a 10-fold cross-validation
procedure. (D) M7G-related lncRNAs LASSO coefficient profiles. (E) The Sankey diagram of lncRNAs related to m7G genes.
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immune checkpoints, such as CD27, LAG3, and TNFRSF18,

displayed higher activity (Figure 7I). The CD8+ T cells, the

inflammation-promoting function, the high immunity score,

the activation of CD27, LAG3, and TNFRSF18, played a

critical role in the hot tumour. Therefore, clusters 1 and

clusters 2 may be considered hot and cold tumors,

respectively (Galon and Bruni, 2019; Zheng et al., 2021).

Different immunotherapeutic responses may result from it

(Zeng et al., 2019; DeBerardinis, 2020). Cluster 1 was

considered more susceptible to immunotherapy in view of the

concept of cold and hot tumors. Our findings showed that

17 compounds that were effective as systemic treatments for

FIGURE 4
A high prognostic value is predicted for each of the 17m7G-lncRNAs. (A–C)Display of them7G-related lncRNAs based on tests, test results, and
the complete set ofm7G-related lncRNAs. (D–F)Comparison of the survival times and survival status in the train, test, and entire sets, respectively, for
low- and high-risk groups. (G–I) The following is a heat map of the expression of 17 lncRNAs in the train set, test set, and entire sets. (J–L) For the
train, test, and entire set sets of patients in low-risk and high-risk groups, respectively, Kaplan-Meier survival curves were generated for OS
(survival probability). (M–R) Stratified by age, gender, or stages, Kaplan-Meier survival curves showOS (survival probability) for low-risk and high-risk
groups in the entire sample.
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FIGURE 5
Assessment of the risk model and a detailed analysis of the nomogram. (A,B) Analysis of clinical factors and OS risk score using uni- and multi-
coxmodels. (C) A nomogram incorporating the risk score, age, and stage of the tumor predicted the likelihood of survival at 1, 2, and 3-years intervals.
(D) Calibration curves for the 1-, 2-, and 3-years OS. (E–G) The 1-, 2-, and 3-years ROC curves for the train, the test, and the entire set, respectively.
(H) The 3-years ROC curves of risk score, and clinical characteristics.
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CRC that were effective as individualized treatments for CRC.

(Supplementary Fig 2) (Boulos et al., 2019; Li et al., 2020). Based

on clusters derived from these lncRNAs, we may be able to

investigate immunotherapy responses and enhance the efficiency

of specific therapy in patients with CRC.

Discussion

Immunotherapy may be beneficial as a result of TME

immunosuppressive properties, a situation which is frequently

associated with treatment failure. However, there is no panacea

for all diseases. Some patients have had poor results following

immunotherapy (Tang et al., 2020). In order to improve the

effectiveness of immunotherapy, we developed the concept of

cold and hot tumors to distinguish between cancer and immune-

based tumor classification. Infiltration rates and immune scores

of tumors are generally considered hot and cold, respectively,

depending on their infiltration rate and immune score. Another

characteristic of a hot tumor is the higher activity of checkpoint

proteins as well as its more aggressive nature, such as PDCD1,

which is another sign of a hot tumor. Patients who are suffering

from a hot tumor can be treated with immunotherapies targeting

CD8+ T cells, microbiome modulation, or other

immunotherapeutic therapies. However, because cold tumors

do not release any immunity through low-level T cells, they are

often very difficult to battle. Enhanced immune therapy via the

PD-1/PD-L1 pathway can kill cancer cells and break tolerance,

which in turn boosts anti-tumor immunity through the release of

CD8+ T cells. Rather than merely administering other treatments

to a cold tumor, it is prudent to turn it into a hot tumor.

According to our study, we synthesized 17 m7G-related

lncRNAs and attempted to determine whether cold or hot

tumors. After re-grouping patients, some analyses were

conducted, based on the model, such as GSEA analysis.

However, a risk group-based analysis could not determine the

hot tumor, suggesting that prognosis and treatment can be

predicted using risk groups. Recent studies have demonstrated

that tumor immunity suppression and microenvironments are

associated with molecular subtypes, also called clusters (Ajani

et al., 2017). Accordingly, each subtype has a different immune

system and TME score, which results in different prognoses and

responses to immunotherapy (DeBerardinis, 2020). Using these

lncRNAs, we divided patients into two clusters based on their

expression (Wilkerson and Hayes, 2010). We found that the

immune microenvironments of the two groups differed. The

immunemicroenvironment of cluster 2 was immunosuppressive.

FIGURE 6
Research on tumor immune factors and immunotherapy. (A)
A significant enrichment of GSEA was discovered in the high-risk
group for the pathways that were identified in the top ten

(Continued )

FIGURE 6 | pathways. (B) Immune cell bubbles in risk groups. (C–E)
Comparing immunity scores in low- and high-risk groups. (F)
Different expressions of 15 checkpoints in risk groups.
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It is possible to classify the hot tumors in cluster 1 as having more

PD-L1 (4, 31). Cluster 1 was also more sensitive to

immunotherapeutic drugs than cluster 1. In addition to

predicting prognosis, m7G-related lncRNAs can also applied

to guide individual treatment. In contrast to a mass cytometry

or other means of a tumor biopsy, the lncRNAs can be used as

liquid biopsies for detecting different tumor types (Duan et al.,

2020).

A number of cancer researchers are exploring the possibility

of using long noncoding RNAs as prognostic biomarkers.

Among the 17 lncRNAs related to m7G identified in our

study, only AL137782.1, AC012313.5, AL031985.3,

AC007728.3 and AC099850.4 are protective factors, but the

other lncRNAs were risk factors. Consistent with our results,

Previous reports have shown that AC133540.1, AL137782.1,

AP001619.1, AC013652.1, AC008760.1, ALMS1-IT1,

AC012313.5, FGF14-AS2, AP006621.2, LINC00702,

LINC02550 and AC083900.1 are associated with poor

prognosis in CRC patients (Huang and Pan, 2019; Hou

et al., 2020; Yu et al., 2020; Xu et al., 2021a; Li et al., 2021;

Li et al., 2022), whereas AC007991.4, LINC02381,

AL031985.3 and AC099850.4 were reported in the other

cancer patients with poor prognosis (Jafarzadeh and Soltani,

2020; Zhang et al., 2020; Zhao et al., 2020; Wu et al., 2021). The

other lncRNAs were initially discovered. We may be able to

develop a better understanding of how m7G-related lncRNAs

contribute to CRC via novel biochemical mechanisms, resulting

in new therapeutic advances.

Even after utilizing many methods to asset our model, there

were still some shortcomings and deficiencies. A retrospective study

is prone to biases inherent in the paradigm for which it was

undertaken, since it was carried out (Jiang et al., 2016). We were

unable to compare IC50s for corresponding checkpoint inhibitors,

for instance PD-1 inhibitors, because insufficient data on GDSC

existed, despite significant differences between risk groups and

clusters in checkpoint activation. Verifying the prognoses was

carried out internally by examining the tests and entire sets of

data in the model, however external validation proved to be

problematic. The bubble and heat map of immune cells showed

external validation from multiple platforms (Hong et al., 2020; Xu

FIGURE 7
Identifying cold and hot tumors and predicting their response to immunotherapy. (A) TheConsensus Cluster Plus algorithm divides patients into
two clusters. (B) Two clusters of t-SNE. (C) PCA of clusters. (D) Based on Kaplan-Meier survival curves, OS survival curves for clusters of patients. (E)
Cluster analysis of risk groups. (F–H) Scores in immune-related categories between clusters 1 and 2 are compared. (I) The difference between
32 checkpoint expressions in clusters. (J) Clusters of immune cells on a heat map.
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et al., 2021b). Our plan is to gather more clinical datasets in order to

better establish their usefulness in the research field of m7G-related

lncRNAs. Additionally, we verified the relationship between the

m7G gene and the related lncRNAs in the m7Ghub (Song et al.,

2020) and came up with inconsistent results. There was a lack of

molecular mechanism research in our study. Identifying which

m7G-related lncRNAs could regulate colorectal cancer survival is

just the beginning. We will explore the specific mechanism of the

screened lncRNAs that affected CRC progression in our next work.

Our findings indicate that m7G-related lncRNAs are strongly

associated with colorectal cancer, and that our model of 17 m7G-

associated lncRNA constructs has potential as an independent

prognostic molecular signature to distinguish between hot and

cold tumors in colorectal cancer. Besides making progress in

immunotherapy, it will also contribute to cancer research.

Conclusion

Wewouldmake a huge leap in improving patients’ prognoses

and making great progress in individualized treatment if we

could identify cold and hot tumors and tailor a therapeutic

approach based on m7G-related long noncoding RNAs. A

central concept of m7G and lncRNA development allowing

immunotherapy to expand has been demonstrated in that

they have the capability of overriding the failures associated

with systemic treatments. In order to fully investigate and

validate the relationships between m7G, lncRNA, immunity,

and CRC, the mechanisms underlying these relationships need

to be fully described and validated.

Data availability statement

The datasets presented in this study can be found in online

repositories. The names of the repository/repositories and

accession number(s) can be found in the article/

Supplementary Material.

Author contributions

J-YW and QY-S contributed equally to this study. J-YW and

Q-YS participated in the conceptualization. The project proposal

design, project schedule, and original manuscript preparation

were contributed by J-YW. The examination and editing of the

manuscript are carried out by J-YW, Q-YS, C-ZH, YS, Z-LW,

H-QZ, and ZF; ZF assisted with project administration and

funding acquisition. All authors have read and approved the

published version.

Funding

The National Natural Science Foundation of China provided

support for this study (8217112503).

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.

The handling editor JM declared a shared parent affiliation

with the author(s) at the time of review.

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.

Acknowledgments

We thank TCGA, GSEA, and GDSC for their platforms and

datasets.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fgene.

2022.952836/full#supplementary-material

References

Ajani, J. A., Lee, J., Sano, T., Janjigian, Y. Y., Fan, D., Song, S., et al. (2017). Gastric
adenocarcinoma. Nat. Rev. Dis. Prim. 3, 17036. doi:10.1038/nrdp.2017.36

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

Boulos, J. C., Rahama, M., Hegazy, M. F., and Efferth, T. (2019). Shikonin
derivatives for cancer prevention and therapy. Cancer Lett. 459, 248–267. doi:10.
1016/j.canlet.2019.04.033

Brenner, H., Kloor, M., and Pox, C. P. (2014). Colorectal cancer. Lancet 383
(9927), 1490–1502. doi:10.1016/S0140-6736(13)61649-9

Frontiers in Genetics frontiersin.org11

Wu et al. 10.3389/fgene.2022.952836

https://www.frontiersin.org/articles/10.3389/fgene.2022.952836/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.952836/full#supplementary-material
https://doi.org/10.1038/nrdp.2017.36
https://doi.org/10.1093/nar/gkx1030
https://doi.org/10.1016/j.canlet.2019.04.033
https://doi.org/10.1016/j.canlet.2019.04.033
https://doi.org/10.1016/S0140-6736(13)61649-9
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.952836


Chen, Y., Wang, J., Xu, D., Xiang, Z., Ding, J., Yang, X., et al. (2021). m(6 A
mRNAmethylation regulates testosterone synthesis throughmodulating autophagy
in Leydig cells. Autophagy 17 (2), 457–475. doi:10.1080/15548627.2020.1720431

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 26 (2), 217–227. e6. doi:10.1016/j.chom.
2019.07.005

DeBerardinis, R. J. (2020). Tumor microenvironment, metabolism, and
immunotherapy. N. Engl. J. Med. 382 (9), 869–871. doi:10.1056/NEJMcibr1914890

Dragomir, M. P., Kopetz, S., Ajani, J. A., and Calin, G. A. (2020). Non-coding
RNAs in GI cancers: From cancer hallmarks to clinical utility. Gut 69 (4), 748–763.
doi:10.1136/gutjnl-2019-318279

Duan, Q., Zhang, H., Zheng, J., and Zhang, L. (2020). Turning cold into hot:
Firing up the tumor microenvironment. Trends Cancer 6 (7), 605–618. doi:10.1016/
j.trecan.2020.02.022

Furuichi, Y., LaFiandra, A., and Shatkin, A. J. (1977). 5’-Terminal structure and
mRNA stability. Nature 266 (5599), 235–239. doi:10.1038/266235a0

Galon, J., and Bruni, D. (2019). Approaches to treat immune hot, altered and cold
tumours with combination immunotherapies. Nat. Rev. Drug Discov. 18 (3),
197–218. doi:10.1038/s41573-018-0007-y

Ganesh, K., Stadler, Z. K., Cercek, A., Mendelsohn, R. B., Shia, J., Segal, N. H., et al.
(2019). Immunotherapy in colorectal cancer: rationale, challenges and potential.
Nat. Rev. Gastroenterol. Hepatol. 16 (6), 361–375. doi:10.1038/s41575-019-0126-x

Geeleher, P., Cox, N. J., and Huang, R. S. (2014). Clinical drug response can be
predicted using baseline gene expression levels and in vitro drug sensitivity in cell
lines. Genome Biol. 15 (3), R47. doi:10.1186/gb-2014-15-3-r47

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

Hong, W., Liang, L., Gu, Y., Qi, Z., Qiu, H., Yang, X., et al. (2020). Immune-
related lncRNA to construct novel signature and predict the immune landscape of
human hepatocellular carcinoma. Mol. Ther. Nucleic Acids 22, 937–947. doi:10.
1016/j.omtn.2020.10.002

Hou, R., Liu, Y., Su, Y., and Shu, Z. (2020). Overexpression of long non-coding
RNA FGF14-AS2 inhibits colorectal cancer proliferation via the RERG/ras/ERK
signaling by sponging microRNA-1288-3p. Pathol. Oncol. Res. 26 (4), 2659–2667.
doi:10.1007/s12253-020-00862-8

Huang, Q. R., and Pan, X. B. (2019). Prognostic lncRNAs, miRNAs, and mRNAs
form a competing endogenous RNA network in colon cancer. Front. Oncol. 9, 712.
doi:10.3389/fonc.2019.00712

Jafarzadeh, M., and Soltani, B. M. (2020). Long noncoding RNA LOC400043
(LINC02381) inhibits gastric cancer progression through regulating wnt signaling
pathway. Front. Oncol. 10, 562253. doi:10.3389/fonc.2020.562253

Jiang, Y. Z., Liu, Y. R., Xu, X. E., Jin, X., Hu, X., Yu, K. D., et al. (2016).
Transcriptome analysis of triple-negative breast cancer reveals an integrated
mRNA-lncRNA signature with predictive and prognostic value. Cancer Res. 76
(8), 2105–2114. doi:10.1158/0008-5472.CAN-15-3284

Johdi, N. A., and Sukor, N. F. (2020). Colorectal cancer immunotherapy: Options
and strategies. Front. Immunol. 11, 1624. doi:10.3389/fimmu.2020.01624

Kennedy, S. A., Jarboui, M. A., Srihari, S., Raso, C., Bryan, K., Dernayka, L., et al.
(2020). Extensive rewiring of the EGFR network in colorectal cancer cells expressing
transforming levels of KRAS(G13D). Nat. Commun. 11 (1), 499. doi:10.1038/
s41467-019-14224-9

Kim, M. S., Oh, J. E., Kim, Y. R., Park, S. W., Kang, M. R., Kim, S. S., et al. (2010).
Somatic mutations and losses of expression of microRNA regulation-related genes
AGO2 and TNRC6A in gastric and colorectal cancers. J. Pathol. 221 (2), 139–146.
doi:10.1002/path.2683

Li, J., Zhao, M., Sun, M., Wu, S., Zhang, H., Dai, Y., et al. (2020). Multifunctional
nanoparticles boost cancer immunotherapy based on modulating the
immunosuppressive tumor microenvironment. ACS Appl. Mat. Interfaces 12
(45), 50734–50747. doi:10.1021/acsami.0c14909

Li, N., Shen, J., Qiao, X., Gao, Y., Su, H. B., Zhang, S., et al. (2022). Long non-
coding RNA signatures associated with ferroptosis predict prognosis in colorectal
cancer. Int. J. Gen. Med. 15, 33–43. doi:10.2147/IJGM.S331378

Li, Z., Lin, W., Zheng, J., Hong, W., Zou, J., Zhang, T., et al. (2021). Identification of
immune-related lncRNAs to improve the prognosis prediction for patients with papillary
thyroid cancer. Biosci. Rep. 41 (2), BSR20204086. doi:10.1042/BSR20204086

Lin, S., Liu, Q., Lelyveld, V. S., Choe, J., Szostak, J. W., Gregory, R. I., et al. (2018).
Mettl1/Wdr4-Mediated m(7)G tRNA methylome is required for normal mRNA
translation and embryonic stem cell self-renewal and differentiation. Mol. Cell 71
(2), 244–255. e5. doi:10.1016/j.molcel.2018.06.001

Liu, K., Yao, H., Wen, Y., Zhao, H., Zhou, N., Lei, S., et al. (2018). Functional role
of a long non-coding RNA LIFR-AS1/miR-29a/TNFAIP3 axis in colorectal cancer
resistance to pohotodynamic therapy. Biochim. Biophys. Acta. Mol. Basis Dis. 1864
(9 Pt B), 2871–2880. doi:10.1016/j.bbadis.2018.05.020

Mathlin, J., Le Pera, L., and Colombo, T. (2020). A census and categorization
method of epitranscriptomic marks. Int. J. Mol. Sci. 21 (13), E4684. doi:10.3390/
ijms21134684

Meng, T., Huang, R., Zeng, Z., Huang, Z., Yin, H., Jiao, C., et al. (2019).
Identification of prognostic and metastatic alternative splicing signatures in
kidney renal clear cell carcinoma. Front. Bioeng. Biotechnol. 7, 270. doi:10.
3389/fbioe.2019.00270

Pandolfini, L., Barbieri, I., Bannister, A. J., Hendrick, A., Andrews, B.,
Webster, N., et al. (2019). METTL1 promotes let-7 MicroRNA processing
via m7G methylation. Mol. Cell 74 (6), 1278–1290. e9. doi:10.1016/j.molcel.
2019.03.040

Poursheikhani, A., Abbaszadegan, M. R., Nokhandani, N., and Kerachian, M. A.
(2020). Integration analysis of long non-coding RNA (lncRNA) role in
tumorigenesis of colon adenocarcinoma. BMC Med. Genomics 13 (1), 108.
doi:10.1186/s12920-020-00757-2

Rinn, J. L., and Chang, H. Y. (2012). Genome regulation by long noncoding
RNAs. Annu. Rev. Biochem. 81, 145–166. doi:10.1146/annurev-biochem-051410-
092902

Shen, Y., Peng, X., and Shen, C. (2020). Identification and validation of immune-
related lncRNA prognostic signature for breast cancer. Genomics 112 (3),
2640–2646. doi:10.1016/j.ygeno.2020.02.015

Shimotohno, K., Kodama, Y., Hashimoto, J., and Miura, K. I. (1977).
Importance of 5’-terminal blocking structure to stabilize mRNA in
eukaryotic protein synthesis. Proc. Natl. Acad. Sci. U. S. A. 74 (7),
2734–2738. doi:10.1073/pnas.74.7.2734

Siegel, R. L., Miller, K. D., Fuchs, H. E., and Jemal, A. (2021). Cancer statistics,
2021. Ca. Cancer J. Clin. 71 (1), 7–33. doi:10.3322/caac.21654

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, B., Tang, Y., Chen, K., Wei, Z., Rong, R., Lu, Z., et al. (2020). m7GHub:
deciphering the location, regulation and pathogenesis of internal mRNA N7-
methylguanosine (m7G) sites in human. Bioinformatics 36 (11), 3528–3536.
doi:10.1093/bioinformatics/btaa178

Tang, R., Xu, J., Zhang, B., Liu, J., Liang, C., Hua, J., et al. (2020). Ferroptosis,
necroptosis, and pyroptosis in anticancer immunity. J. Hematol. Oncol. 13 (1), 110.
doi:10.1186/s13045-020-00946-7

Wang, X., Li, G., Luo, Q., Xie, J., and Gan, C. (2018). Integrated TCGA analysis
implicates lncRNA CTB-193M12.5 as a prognostic factor in lung adenocarcinoma.
Cancer Cell Int. 18, 27. doi:10.1186/s12935-018-0513-3

Wilkerson, M. D., and Hayes, D. N. (2010). ConsensusClusterPlus: a class
discovery tool with confidence assessments and item tracking. Bioinformatics 26
(12), 1572–1573. doi:10.1093/bioinformatics/btq170

Wu, Z. H., Li, Z. W., Yang, D. L., and Liu, J. (2021). Development and
validation of a pyroptosis-related long non-coding RNA signature for
hepatocellular carcinoma. Front. Cell Dev. Biol. 9, 713925. doi:10.3389/fcell.
2021.713925

Xu, F., Huang, X., Li, Y., Chen, Y., and Lin, L. (2021). m(6 A-related lncRNAs
are potential biomarkers for predicting prognoses and immune responses in
patients with LUAD.Mol. Ther. Nucleic Acids 24, 780–791. doi:10.1016/j.omtn.
2021.04.003

Xu, G., Yang, M., Wang, Q., Zhao, L., Zhu, S., Zhu, L., et al. (2021). A novel
prognostic prediction model for colorectal cancer based on nine autophagy-
related long noncoding RNAs. Front. Oncol. 11, 613949. doi:10.3389/fonc.
2021.613949

Yan, S., Yue, Y., Wang, J., Li, W., Sun, M., Gu, C., et al. (2019).
LINC00668 promotes tumorigenesis and progression through sponging miR-
188-5p and regulating USP47 in colorectal cancer. Eur. J. Pharmacol. 858,
172464. doi:10.1016/j.ejphar.2019.172464

Frontiers in Genetics frontiersin.org12

Wu et al. 10.3389/fgene.2022.952836

https://doi.org/10.1080/15548627.2020.1720431
https://doi.org/10.1016/j.chom.2019.07.005
https://doi.org/10.1016/j.chom.2019.07.005
https://doi.org/10.1056/NEJMcibr1914890
https://doi.org/10.1136/gutjnl-2019-318279
https://doi.org/10.1016/j.trecan.2020.02.022
https://doi.org/10.1016/j.trecan.2020.02.022
https://doi.org/10.1038/266235a0
https://doi.org/10.1038/s41573-018-0007-y
https://doi.org/10.1038/s41575-019-0126-x
https://doi.org/10.1186/gb-2014-15-3-r47
https://doi.org/10.1080/15476286.2015.1008360
https://doi.org/10.1016/j.omtn.2020.10.002
https://doi.org/10.1016/j.omtn.2020.10.002
https://doi.org/10.1007/s12253-020-00862-8
https://doi.org/10.3389/fonc.2019.00712
https://doi.org/10.3389/fonc.2020.562253
https://doi.org/10.1158/0008-5472.CAN-15-3284
https://doi.org/10.3389/fimmu.2020.01624
https://doi.org/10.1038/s41467-019-14224-9
https://doi.org/10.1038/s41467-019-14224-9
https://doi.org/10.1002/path.2683
https://doi.org/10.1021/acsami.0c14909
https://doi.org/10.2147/IJGM.S331378
https://doi.org/10.1042/BSR20204086
https://doi.org/10.1016/j.molcel.2018.06.001
https://doi.org/10.1016/j.bbadis.2018.05.020
https://doi.org/10.3390/ijms21134684
https://doi.org/10.3390/ijms21134684
https://doi.org/10.3389/fbioe.2019.00270
https://doi.org/10.3389/fbioe.2019.00270
https://doi.org/10.1016/j.molcel.2019.03.040
https://doi.org/10.1016/j.molcel.2019.03.040
https://doi.org/10.1186/s12920-020-00757-2
https://doi.org/10.1146/annurev-biochem-051410-092902
https://doi.org/10.1146/annurev-biochem-051410-092902
https://doi.org/10.1016/j.ygeno.2020.02.015
https://doi.org/10.1073/pnas.74.7.2734
https://doi.org/10.3322/caac.21654
https://doi.org/10.1080/15476286.2016.1259781
https://doi.org/10.1080/15476286.2016.1259781
https://doi.org/10.1093/bioinformatics/btaa178
https://doi.org/10.1186/s13045-020-00946-7
https://doi.org/10.1186/s12935-018-0513-3
https://doi.org/10.1093/bioinformatics/btq170
https://doi.org/10.3389/fcell.2021.713925
https://doi.org/10.3389/fcell.2021.713925
https://doi.org/10.1016/j.omtn.2021.04.003
https://doi.org/10.1016/j.omtn.2021.04.003
https://doi.org/10.3389/fonc.2021.613949
https://doi.org/10.3389/fonc.2021.613949
https://doi.org/10.1016/j.ejphar.2019.172464
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.952836


Yu, D., Wang, X. Y., and Jin, Z. L. (2020). Linc00702 inhibits cell growth and
metastasis through regulating PTEN in colorectal cancer. Eur. Rev. Med.
Pharmacol. Sci. 24 (7), 3624–3632. doi:10.26355/eurrev_202004_20824

Yuan, L., Xu, Z. Y., Ruan, S. M., Mo, S., Qin, J. J., Cheng, X. D., et al. (2020).
Long non-coding RNAs towards precision medicine in gastric cancer: early
diagnosis, treatment, and drug resistance. Mol. Cancer 19 (1), 96. doi:10.1186/
s12943-020-01219-0

Zeng, D., Li, M., Zhou, R., Zhang, J., Sun, H., Shi, M., et al. (2019). Tumor
microenvironment characterization in gastric cancer identifies prognostic and
immunotherapeutically relevant gene signatures. Cancer Immunol. Res. 7 (5),
737–750. doi:10.1158/2326-6066.CIR-18-0436

Zhang, J., Piao, H. Y., Wang, Y., Lou, M. Y., Guo, S., Zhao, Y., et al. (2020).
Development and validation of a three-long noncoding RNA signature for
predicting prognosis of patients with gastric cancer. World J. Gastroenterol. 26
(44), 6929–6944. doi:10.3748/wjg.v26.i44.6929

Zhao, J., Song, X., Xu, T., Yang, Q., Liu, J., Jiang, B., et al. (2020). Identification of
potential prognostic competing triplets in high-grade serous ovarian cancer. Front.
Genet. 11, 607722. doi:10.3389/fgene.2020.607722

Zheng, Y., Tian, H., Zhou, Z., Xiao, C., Liu, H., Liu, Y., et al. (2021). A novel
immune-related prognostic model for response to immunotherapy and survival in
patients with lung adenocarcinoma. Front. Cell Dev. Biol. 9, 651406. doi:10.3389/
fcell.2021.651406

Frontiers in Genetics frontiersin.org13

Wu et al. 10.3389/fgene.2022.952836

https://doi.org/10.26355/eurrev_202004_20824
https://doi.org/10.1186/s12943-020-01219-0
https://doi.org/10.1186/s12943-020-01219-0
https://doi.org/10.1158/2326-6066.CIR-18-0436
https://doi.org/10.3748/wjg.v26.i44.6929
https://doi.org/10.3389/fgene.2020.607722
https://doi.org/10.3389/fcell.2021.651406
https://doi.org/10.3389/fcell.2021.651406
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.952836

	N7-methylguanosine-related lncRNAs: Predicting the prognosis and diagnosis of colorectal cancer in the cold and hot tumors
	Introduction
	Materials and methods
	Colorectal cancer data gathering
	Genes selection and m7G-related lncRNAs
	The risk model establishment and validation
	Independence factors and receiver operating characteristics
	Calibration and nomogram
	Gene Set Enrichment Analyses
	Investigating the tumor microenvironment and immune checkpoints
	Models of clinical reactions to the treatment in an exploratory study
	Clusters analysis

	Results
	M7G-related LncRNAs in colorectal cancer from TCGA
	Model construction and validation
	Nomogram construction
	The risk model evaluation
	GSEA
	Studying immunity factors and clinical strategies for high-risk groups
	Identifying cold and hot tumors and medicine

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


