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Colon adenocarcinoma (COAD) is a prevalent malignant tumor that severely
threatens human health across the globe. Immunotherapy is an essential need
for patients with COAD. N7-methylguanosine (m7G) has been associated with
human diseases, and non-coding RNAs (IncRNAs) regulate various tumor-
related biological processes. Nonetheless, the m7G-related IncRNAs involved
in COAD regulation are limited. This study aims to construct the clustering
features and prognostic model of m7G-related IncRNAs in COAD. First, The
Cancer Genome Atlas (TCGA) database was used to identify m7G-related
differentially expressed IncRNAs (DELs), based on which COAD cases could
be classified into two subtypes. Subsequently, univariate Cox analysis was used
to identify 9 prognostic m7G-related IncRNAs. Further, Five candidates were
screened by LASSO-Cox regression to develop new models. The patients were
divided into high-risk and low-risk groups based on the median risk score.
Consequently, the Kaplan-Meier survival curve demonstrated a statistically
significant overall survival (OS) between the high- and low-risk groups
(P<0.001). Multivariate Cox regression analysis revealed that risk score is an
independent prognostic factor in COAD patients (P<0.001). This confirms the
clinical applicability of the model. Additionally, we performed Gene Set
Enrichment Analysis (GSEA), which uncovered the biological and functional
differences between risk subgroups, i.e., enrichment of immune-related
diseases in the high-risk group and enrichment of metabolic-related
pathways in the low-risk group. In a drug sensitivity analysis, high-risk group
were more sensitive to some chemotherapeutics and targeted drugs than low-
risk group. Eventually, the stability of the model was confirmed by gRT-PCR.
Our study unraveled the features of different immune states of COAD and
established a prognostic model, including five m7G-related IncRNAs for COAD
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patients. These results will bolster clinical treatment and survival prediction

of COAD.
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Introduction

Colorectal cancer is a prevalent gastrointestinal cancer with a
3™ Jeading incidence and a 2" leading mortality rate as per the
2020 global statistics (1). Colon adenocarcinoma is the most
common type of colon cancer (2). Although the overall
morbidity and mortality rates of colon cancer have declined in
the past two years, this progress is increasingly limited to the
elderly population (3). The early diagnosis and prognosis of
colon cancer patients are understudied (4). Tumor-lymph node-
metastasis (TNM) staging system is a conventional method for
predicting colon cancer (5) with limitations. Therefore,
individualized evaluations are used in patients with colorectal
cancer at an early stage, including molecular and immune
characteristics of the tumor. Additional analysis is necessary to
improve patient outcomes (6).

N7-methylguanosine (m7G) has been isolated in the 5  end
cap of eukaryotic mRNA and the internal position of tRNA and
rRNA (7). In most cases, m7G modification occurs at the 46
position of the variable region, a product of tRNA
methyltransferase that can help stabilize tRNA structure (8).
Additional studies have shown that this modified form of m7G
potentially triggers the occurrence of colon and lung cancers.
Methyltransferase-like 1 (METTL1)-mediated m7G regulates
the progression and chemosensitivity of colon cancer (9). The
expression levels of the tRNAmM7G methyltransferase complex
component, METTLI, and WD repeat domain 4 (WDR4) were
significantly upregulated and threatened the survival of patients.
METTLI promotes the growth and invasion of lung cancer by
regulating m7GtRNA modification; however, its specific
mechanism warrants additional studies (10).

LncRNAs are non-coding RNAs longer than 200 nucleotides
in length (11). Many studies have shown that IncRNAs modulate
various tumor-related biological processes (12-14). Studies have
shown that abnormal IncRNA expression is a marker for
determining tumor prognosis and diagnosis (15). Nevertheless,
the available evidence on IncRNAs in m7G modification in colon
adenocarcinoma is limited. Herein, we explored relevant
characteristics of different immune states of colon
adenocarcinoma to establish a reliable prognostic model.
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Materials and method
Data acquisition

Transcriptomic and clinical data of 398 colon
adenocarcinoma tissue samples and 39 normal colon samples
were downloaded from the TCGA database, respectively, from
the literature and GSEA database (http://www.gsea-msigdb.org/
gsea/login.jsp) were obtained for 40 m7G-related genes
(Supplementary Table 1). Patients with a follow-up period of
fewer than 30 days were excluded to minimize errors in the
statistical analysis.

Selection of m7G-related IncRNAs

The IncRNAs of 398 patients with colon adenocarcinoma
were screened using Strawberry Perl (version 5.30.0), and
m7G-related IncRNAs were identified using the limma R
package Pearson correlation coefficient > 0.4 and P< 0.001 as
conditions. To screen for differentially expressed IncRNAs
(DELSs), normal colon tissues and colon adenocarcinoma
tissues were filtered based on specific criteria (|log 2 FC| > 1
and FDR< 0.05)

Consensus clustering and its
immune signature

Consensus clustering was performed using the
ConsensuClusterPlus R package (16-18). The immune
microenvironment of tumor tissue was evaluated using the
estimate R package, and we calculated the evaluation scores of
immune and stromal cells. The pan-cancer immune cell
infiltration files were downloaded from TIMER 2.0 and used
to analyze the distribution of the explored immune cells on
different clusters with the help of the limma and pheatmap R
packages (19, 20). The limma and ggpub R packages were used
to perform the differential analysis of the immune
microenvironment and immune checkpoints.
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Construction and validation of an m7G-
associated IncRNA-related
prognostic model

A total of 398 colon adenocarcinoma patients were
randomly divided into training and validation groups in a 1:1
ratio. Then, DELs for differential analysis were filtered using
univariate Cox regression analysis (P< 0.01); this further defined
the potential prognostic related IncRNAs. LASSO-Cox
regression analysis generated the best m7G-related IncRNA
prognostic risk model for colon adenocarcinoma (21). The risk
score was calculated using the following formula:

risk score = écoefi*expri
i=1

Where expr; represents the expression level of each IncRNA,
and coef; is the regression coefficient of each IncRNA in this
model. Patients in the training group were subdivided into high-
risk and low-risk groups as per the median of the training group
risk scores. Kaplan-Meier curves were drawn using the
survminer R package (22). The log-rank test was used to
compare the survival status of the two groups. Subsequently,
time-dependent receiver operating characteristic curves were
generated using the time ROC R package. The area under the
curve (AUC) was calculated for 1-, 3-, and 5-year overall
survival. To check the feasibility of this model, the risk score
in the validation set was calculated using the same formula as in
the training set. Besides, we used a similar validation method as
above. Finally, univariate and multivariate Cox regression
analyses of clinicopathological factors, including age and stage,
were performed to test the independent predictive capacity of
the model for the prognosis of patients with colon
adenocarcinoma. Subsequently, a nomogram was constructed
combining the above factors, and a calibration curve was used to
test the suitability of this nomogram.

Specimen acquisition

The colon adenocarcinoma tissues and adjacent tissues of
24 patients were collected from the Affiliated Hospital of
Xuzhou Medical University between 2012 and 2014. These
patients did not receive any radiotherapy or chemotherapy
before surgery, and the diagnosis was confirmed through
postoperative pathological examination. This study was
approved by the Ethics Committee of the Affiliated Hospital
of Xuzhou Medical University, and the experiments adhered to
the Declaration of Helsinki. Each patient provided written
informed consent. All excised specimens were immediately
stored in liquid nitrogen.
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Quantitative real-time PCR

Total RNA from tissues was extracted and quantified using
the TRIzol reagent (Takara, China) following the manufacturer’s
instructions. Thereafter, total RNA was reverse transcribed into
cDNA using PrimeScrip RT Master Mix (Takara) as per the
manufacturer’s protocol. Three replicates were set for each
sample, and the 2-AACT method was used for data analyses.
Supplementary Table 2 shows the primer sequences used
for analysis.

Statistical analysis

Statistical analyses were performed using R 4.1.2 and
GraphPad 9.0.0. The Kaplan-Meier method was used to
calculate the survival rate of patients with COAD. Moreover,
univariate and multivariate regression analyses were performed
to evaluate the association of risk scores and clinical
characteristics with overall survival. P values of less than 0.05
(P<0.05) were considered statistically significant (*P< 0.05, **P<
0.01 and ***P< 0.001).

Results

Screening of differentially expressed
m7G-related IncRNAs in COAD

Figure 1 shows our research flow chart. Data on 398 colon
adenocarcinoma samples were downloaded from the TCGA
database; 14,056 IncRNAs and 19,673 mRNAs were identified.
Also, 40 m7G-related genes were obtained from relevant
literature (23) and the GSEA database (http://www.gsea-
msigdb.org/gsea/login.jsp). Differential analysis of m7G-
associated IncRNAs was performed, and 903 DELs (|log2
FC| > 1 and FDR<0.05) were screened, including 807 up-
regulated IncRNAs and 96 down-regulated IncRNAs; volcano
plots were drawn (Figure 4A).

DELs-based tumor classification

Machine learning-based unsupervised consensus was used to
cluster 398 COAD patients in the TCGA cohort to explore the
relationship between m7G-related DELs and COAD subtypes
(16, 18). By increasing the clustering variable (k) from 2 to 9, we
found that when k =2, the within-group correlation was highest,
whereas the between-group correlation was low (Figure 2A).
Therefore, all COAD patients were divided into two clusters, i.e.,

frontiersin.org


http://www.gsea-msigdb.org/gsea/login.jsp
http://www.gsea-msigdb.org/gsea/login.jsp
https://doi.org/10.3389/fonc.2022.951452
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cheng et al. 10.3389/fonc.2022.951452
COAD RNA sequencing
data in TCGA [ m7G-related genes
l I
I
Survival curve m7G-related DELs ]
Tumor |
microenvironment Risk curve
Consensus clustering Build a prognostic model
Heatmap of immune —
cell infiltration Survival curve
Validate the model
Immune checkpoint
Independent
prognostic analysis
Clinical value
gRT-PCR
Nomogram and
calibration curve
GSEA
Drug sensitivity analysis
FIGURE 1

Work flow chart. First, RNA sequencing data of COAD were obtained from the TCGA database, and 40 m7G-related genes were obtained from
the GSEA database and published literature. Then, 990 m7G-related IncRNAs were identified based on differential analysis. Next, COAD was
classified based on DELs, and survival analysis and immune correlation analysis found differences in survival and immune characteristics of
different clusters. In addition, LASSO-COX analysis was applied to screen for prognosis-related IncRNAs. Based on this analysis, a prognostic risk
model was constructed. The stability of the model was verified using survival analysis, ROC curve, nomogram, GSEA and gRT-PCR.

Cluster] and Cluster2. Kaplan-Meier survival analysis showed
that the OS of Cluster] was significantly shorter than that of
Cluster2 (Figure 2E). DELs and clinical features between the two
clusters were presented in a heatmap, where a significant
difference was found in the stage between the two clusters
(Supplementary Figure 1A). This confirms that COAD
patients can be divided into two clusters.

Immune correlation analysis based on
consensus clustering

In clinical practice, a few patients are not sensitive to
immunotherapy. Conventional assays include tumor
mutational burden, mismatch repair/microsatellite instability,
and expression of immune checkpoint genes. We added new
detection methods for a more accurate application of
immunotherapy. First, the tumor microenvironment scores of
COAD patients were calculated, including immune score,
stromal score, and ESTIMATE score. Figures 2B-D shows the
differential analysis of the tumor microenvironment; Cluster2
had higher immune, stromal, and ESTIMAT scores. The
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immune correlation heatmap showed the distribution of
immune cells in different clusters. CD8+ T cells from TIMER,
CIBERSORT-ABS, QUANTISEQ, and XCELL had significantly
more infiltration in Cluster2 (Supplementary Table 3;
Supplementary Figure 1B) (24). Several immune checkpoints
were significantly higher in Cluster2 than Clusterl, specifically
PDI, PD-L1, CTL4, LAG3, and TIM3 (Figure 2F). Collectively,
Cluster2 had a higher tumor microenvironment score, immune
cell infiltration, and immune checkpoint expression. Therefore,
Cluster2 is a hot tumor, whereas Clusterl is a cold tumor (25).
Notably, hot tumors are sensitive to immunotherapy, unlike
cold tumors.

Development and validation of
prognostic model

In total, 358 colon cancer samples were randomly
subdivided into a training set and validation set based on the
ratio of 1:1. In the training group, the DELs expression data and
survival data were integrated, and their prognostic potential was
evaluated using univariate cox regression. Consequently, 9 m7G-
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FIGURE 2
Tumor typing based on m7G-related DEL. (A) COAD patients were divided into two clusters. (B-D) Significant differences in the tumor
microenvironment of Cluster 1 and Cluster 2. (E) There is a clear difference in the survival curves of Cluster 1 and Cluster 2 (P < 0.01).
(F) Immune checkpoint gene expression differences between cluster 1 and cluster 2. *P < 0.05, **P < 0.01 and ***P < 0.001.
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related IncRNAs were significantly linked to prognosis
(Figure 3A). A IncRNA gene co-expression network was
established to evaluate a relationship between these 9 IncRNAs
and m7G-related genes (Figure 4B). The Sankey diagram

FIGURE 3
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corresponding genes (Figure 3D). The 9 prognosis-related
IncRNAs were subjected to LASSO-Cox regression analysis,
and 5 candidates were eventually selected to establish the
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analysis (P<0.01). (B) Cross-validation for tuning the parameter selection in the LASSO regression. (C) LASSO coefficient distribution of 8 m7G-
related IncRNAs. (D) Sankey diagram showing the regulatory relationship of prognosis-related IncRNAs and m7G-related genes.
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Differential expression of m7G-related IncRNAs and co-expression network of prognosis-related IncRNAs. (A) 903 differentially expressed m7G-
related INcRNAs. (B) Co-expression network of prognosis -related IncRNAs and m7G-related genes.

optimal risk scoring model. (Figures 3B, C) shows the cvfit and
lambda curves. Therefore, the following risk score formula was
used:

risk score = AC003101.2+1.56560 + AC104819.3%(—4.72897)
+ ZKSCAN2 — DT0.81518 + MACORIS+1.33419

+ AC048344.4+0.87363.

The median risk score was calculated based on the above
formula. The TCGA-COAD cohort, training group, and
validation group were divided into low-risk and high-risk
subgroups; we then observed the risk score distribution and
survival status distribution, respectively (Figures 5A, B, 6A-D).
The above results show a reasonable sample distribution of the
two risk groups. Kaplan-Meier survival analysis demonstrated that
the high-risk group had shorter overall survival than the low-risk
group (Figures 5C, 6E, F). Also, the time-dependent ROC curves
revealed excellent performance in TCGA-COAD, training group,
and validation group (Figures 5D, 6G, H). Specifically, the training
group had an area under the curve of 0.806, 0.794, and 0.733 at 1
year, 3 years, and 5 years, respectively.

Clinical application value of the model

Univariate, multivariate regression analyses on the TCGA-
COAD cohort were performed to evaluate whether the model
remains an independent prognostic factor after including other
variables. Univariate Cox regression results (Figure 7A) revealed
that the risk score calculated by the model is associated with the
overall survival in colon adenocarcinoma patients (P<0.001).
Multivariate cox regression results revealed that risk score,
pathological stage, and age could be utilized as independent
prognostic factors for predicting overall survival in patients with

Frontiers in Oncology

07

colon adenocarcinoma (Figure 7B). Also, we constructed ROC
curves of clinicopathological features and risk scores and
observed good predictive power for pathological stage and risk
scores (Figure 7C). The nomogram combined with
clinicopathological features and risk scores predicted 1-, 3-,
and 5-year survival. A calibration curve was then drawn to
evaluate the accuracy of the nomogram (Figures 7D, E).

Molecular function and pathway
discovery through GSEA

GSEA software was used to explore the high-risk and low-
risk groups of the KEGG pathway in the whole collection. The
first four pathways enriched in the high-risk group were closely
related to immune diseases, including autoimmune thyroid
disease, allograft rejection, asthma, and type I diabetes
(Figure 8A). The first four pathways enriched in the low-risk
group included peroxisome, valine, leucine, isoleucine
degradation, starch metabolism, sucrose metabolism and
retinol metabolism. In high-risk group and low-risk group, P<
0.05 and FDR< 0.25 were considered significant enrichment.

Extended application of risk model

The follow-up analysis was based on the perspective of
immune cell infiltration and antitumor drugs in order to
extend the clinical utility of the risk model. Risk scores were
negatively correlated with most immune cells, as shown in
Figure 9A. Consequently, low-risk individuals have a higher
proportion of immune cells, in particular CD8+ T cells. There is
no doubt that immunotherapy is more effective with a high level
of immune cell infiltration. It is worth mentioning that there
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were differences in sensitive drugs in different risk groups. In
comparison with the low-risk group, the high-risk group was
generally more sensitive to antitumor drugs, especially PARP
inhibitors (Figures 9B-D), EGFR inhibitors (Figure 9E) and
chemotherapy drugs (Figures 9F-K), etc. A number of
chemotherapy drugs have been found to be more effective in
the high-risk group, including mitomycin C, camptothecin,
doxorubicin, etoposide, vinblastine, and gemcitabine, with no
unexpected findings in the low-risk group.

Validation of m7G-related IncRNAs based
on prognostic model

To further verify the accuracy of the above bioinformatics
studies, QRT-PCR primers were designed for these five IncRNAs.
Then, gqRT-PCR was used to detect the expression differences of
the five IncRNAs between 48 pairs of COAD tissues and
paracancerous tissues. The findings demonstrated that
AC003101.2, ZKSCAN2-DT and AC048344.4 levels in the
tumor tissue were significantly higher than in the adjacent
normal tissue. In contrast, the expression levels of AC104819.3
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and MACORIS in the tumor tissue were significantly lower than
those in the adjacent normal tissue (Figure 8B).

Discussion

In recent years, colon adenocarcinoma classification has
advanced from conventional pathological staging to molecular
features and immunological research (6, 26, 27). Immunotherapy
is a novel therapy developed in the past 10 years (28). Since then, it
has yielded significant results in an increasing number of cancer
therapies. Nonetheless, studies on tumor-immune interactions in
colon adenocarcinoma are remarkably limited.

This study adopted the ConsensuClusterPlus algorithm to
subdivide COAD patients into two clusters with significant
differences in overall survival, tumor microenvironment scores,
immune cell infiltration, and immune checkpoint expression. We
introduced the concepts of cold and hot tumors. Hot tumors
harbor high tumor microenvironment scores, immune cell
infiltration, and immune checkpoint expression; hence they
exhibit better immunotherapy effects. This confirms that hot
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FIGURE 7

Clinical value of risk characteristics in TCGA-COAD. (A) Univariate Cox regression analysis of risk scores and clinical factors. (B) Multivariate Cox
regression analysis of risk scores and clinical factors. (C) Clinicopathological features and the predictive accuracy of risk models. (D) Calibration
curves test the agreement between actual and predicted results at 1, 3, and 5 years. (E) The nomogram that integrated the age, risk score and
tumor stage predicted the probability of the 1-, 3-, and 5-year OS. **p< 0.01, ***p< 0.001.

tumors are susceptible to immunotherapy (29). Therefore, it is
necessary to convert a cold tumor to a hot tumor to provide
immunotherapy instead of other treatments (28). The concept of
cold and hot tumors can effectively differentiate the response to

Frontiers in Oncology

immunotherapy. With the advent of immunotherapy, we are
confident that this concept can effectively guide clinical treatment.

Additionally, we established a prognostic model including 5
IncRNAs, with a stronger capacity to predict prognosis than the

10 frontiersin.org
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Pathway differences and model validation. (A) GSEA reveals pathway differences between high and low risk groups of COAD patients. (B) The
expression differences of the five INCRNAs between 48 pairs of COAD tissues and paracancerous tissues. *P < 0.05, **P < 0.01

classical TNM staging. AC003101.2, ZKSCAN2-DT, and
AC048344.4 were highly expressed in tumors, whereas
MACORIS and AC104819.3 were lowly expressed in tumors.
Notably, AC003101.2 is involved in constructing this model; it
predicts the survival rate of colorectal cancer patients and acts as a
ceRNA (30). Studies on the role of AGO2 associated with
AC003101.2 in tumorigenesis and tumor progression have
matured. AGO2 upregulation has been discovered in several
tumor types, including breast, colon adenocarcinoma,
hepatocellular carcinoma, and gastric carcinoma (31-34). The
Sankey diagram revealed that AC003101.2 promotes EIF4Al.
EIF4A1 is implicated in epithelial-mesenchymal transition as well
as metastasis of gastric and pancreatic cancers. Besides, its high
expression often represents a poor prognosis (35, 36). Here,
PubMed was not used in searching the related literature of the
other 4 IncRNAs (AC104819.3, ZKSCAN2-DT, MACORIS,
AC048344.4). Therefore, we propose that these 4 IncRNAs are
linked to poor prognosis in colon adenocarcinoma for the first time.
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Gene Set Enrichment Analysis (GSEA) was performed on
the two risk groups to explore the biological functions of
different risk subgroups. Consequently, the low-risk group had
enrichment of metabolic-related pathways. In contrast, the high-
risk group had enrichment in several immune-related diseases,
including asthma, autoimmune thyroid disease, allograft
rejection, and type I diabetes. Therefore, we speculate that
patients with colon adenocarcinoma co-existing with the
immune-related disease may represent a poor prognosis.

To confirm the accuracy of the prognostic model based on
five IncRNAs, the expression levels of these five IncRNAs in
tumor tissues and adjacent tissues were detected using qRT-
PCR. Consequently, five IncRNAs were differentially expressed
in normal tissues and tumor tissues. Besides, the expression
levels of AC104819.3 and MACORIS in tumor tissues were
significantly lower than those in adjacent normal tissues. In
contrast, AC003101.2, ZKSCAN2-DT and C048344.4 in tumor
tissues were significantly higher than in adjacent normal tissues.
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Despite the PCR detection on 48 pairs of clinical samples, the
sample size was limited. Moreover, the underlying mechanism
by which IncRNAs influence m7G remains unknown and
warrants additional studies.

Conclusion

In conclusion, we constructed a robust prognostic prediction
model comprising only five IncRNAs, and more clinically applicable
than other classical clinical features. For the first time, we found that
AC003101.2, AC104819.3, ZKSCAN2-DT, MACORIS, and
AC048344.4 can be used as biomarkers to predict the prognosis
patients with colon adenocarcinoma. This will help in the clinical
diagnosis and treatment of colon adenocarcinoma.

Frontiers in Oncology

12

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding authors.

Ethics statement

This study was reviewed and approved by Ethics Committee
of Affiliated Hospital of Xuzhou Medical University. The
patients/participants provided their written informed consent
to participate in this study.

frontiersin.org


https://doi.org/10.3389/fonc.2022.951452
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cheng et al.

Author contributions

ZC and JW made the same contribution to this research. ZC
and JW contributed to conceptualization. ZC contributed to
methodology and manuscript preparation. JW contributed to
the experimental section. YX and TJ contributed to data analysis.
ZX, SL, and YZ contributed to visualization. ZC, JW, JS and HS
reviewed and edited the manuscript. JS contributed to project
management and funding access. All authors contributed to the
article and approved the submitted version.

Funding

This study was supported by National Natural Science
Foundation of China (82073133) and Natural Science
Foundation Project of Jiangsu Province (BK20191154).

Acknowledgments

We sincerely acknowledge The Cancer Genome Atlas (TCGA)
for providing transcriptomic and clinicopathological data.

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.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin (2021) 71(3):209-49.
doi: 10.3322/caac.21660

2. Mutch MG. Molecular profiling and risk stratification of adenocarcinoma of
the colon. J Surg Oncol (2007) 96(8):693-703. doi: 10.1002/js0.20915

3. Siegel RL, Miller KD, Goding Sauer A, Fedewa SA, Butterly LF, Anderson JC,
et al. Colorectal cancer statistics 2020. CA Cancer ] Clin (2020) 70(3):145-64.
doi: 10.3322/caac.21601

4. Manjelievskaia J, Brown D, McGlynn KA, Anderson W, Shriver CD, Zhu K.
Chemotherapy use and survival among young and middle-aged patients with colon
cancer. JAMA Surg (2017) 152(5):452-9. doi: 10.1001/jamasurg.2016.5050

5. Brito MJ, Honavar M, Cipriano MA, Lopes J, Coelho H, Silva AR, et al.
Molecular staging of patients with colon cancer. the c-Closer-II study: A
multicentre study in Portugal. Acta Med Port (2018) 31(11):661-9.
doi: 10.20344/amp.9696

6. Zhu ], Hao ], Ma Q, Shi T, Wang S, Yan J, et al. And practical nomogram for
predicting the outcomes of colorectal cancer: Based on tumor biomarkers and log
odds of positive lymph node scheme. Front Oncol (2021) 11:661040. doi: 10.3389/
fonc.2021.661040

7. Pandolfini L, Barbieri I, Bannister AJ, Hendrick A, Andrews B, Webster N,
et al. METTL1 promotes let-7 MicroRNA processing via m7G methylation. Mol
Cell (2019) 74(6):1278-90.e1279. doi: 10.1016/j.molcel.2019.03.040

8. Tomikawa C. 7-methylguanosine modifications in transfer RNA (tRNA). Int
J Mol Sci (2018) 19(12). doi: 10.3390/ijms19124080

9. Liu Y, Yang C, Zhao Y, Chi Q, Wang Z, Sun B. Overexpressed
methyltransferase-like 1 (METTL1) increased chemosensitivity of colon cancer

Frontiers in Oncology

13

10.3389/fonc.2022.951452

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/
fonc.2022.951452/full#supplementary-material

SUPPLEMENTARY FIGURE 1

Differences in clinicopathological factors and immune cell infiltration
among different clusters. (A)The heatmap shows the distribution of
pathological stage, gender, and age in different clusters, and there are
obvious differences in pathological stage. (B) Heatmap showing the
distribution of immune cells in different clusters in different sites.

SUPPLEMENTARY TABLE 1
Forty m7G methylation-related genes.

SUPPLEMENTARY TABLE 2
Primer sequences of the 5 IncRNAs used to validate the model.

SUPPLEMENTARY TABLE 3
P-values for immune cells in different clusters.

cells to cisplatin by regulating miR-149-3p/S100A4/p53 axis. Aging (Albany NY)
(2019) 11(24):12328-44. doi: 10.18632/aging 102575

10. Ma J, Han H, Huang Y, Yang C, Zheng S, Cai T, et al. METTL1/WDR4-
mediated m(7)G tRNA modifications and m(7)G codon usage promote mRNA
translation and lung cancer progression. Mol Ther (2021) 29(12):3422-35.
doi: 10.1016/j.ymthe.2021.08.005

11. Sun Q, Hao Q, Prasanth KV. Nuclear long noncoding RNAs: Key regulators
of gene expression. Trends Genet (2018) 34(2):142-57. doi: 10.1016/
j.tig.2017.11.005

12. Qiao L, Liu X, Tang Y, Zhao Z, Zhang J, Liu H. Knockdown of long non-
coding RNA prostate cancer-associated ncRNA transcript 1 inhibits multidrug
resistance and c-myc-dependent aggressiveness in colorectal cancer caco-2 and
HT-29 cells. Mol Cell Biochem (2018) 441(1-2):99-108. doi: 10.1007/s11010-017-
3177-8

13. Yu C, Sun J, Leng X, Yang J. Long noncoding RNA SNHG6 functions as a
competing endogenous RNA by sponging miR-181a-5p to regulate E2F5
expression in colorectal cancer. Cancer Manag. Res (2019) 11:611-24.
doi: 10.2147/CMAR.S182719

14. Chen YR, Feng WY, Cheng YX, Zhu H, Liu HJ, Gao Y, et al. siRNAs
targeting mouse-specific IncRNA AA388235 induce human tumor cell Pyroptosis/
Apoptosis. Front Oncol (2021) 11:662444. doi: 10.3389/fonc.2021.662444

15. Poursheikhani A, Abbaszadegan MR, Nokhandani N, Kerachian MA.
Integration analysis of (IncRNA) role in tumorigenesis of colon adenocarcinoma.
BMC Med Genomics (2020) 13(1):108. doi: 10.1186/s12920-020-00757-2

16. Wilkerson MD, Hayes DN. ConsensusClusterPlus: A class discovery tool
with confidence assessments and item tracking. Bioinformatics (2010) 26
(12):1572-3. doi: 10.1093/bioinformatics/btq170

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.951452/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.951452/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1002/jso.20915
https://doi.org/10.3322/caac.21601
https://doi.org/10.1001/jamasurg.2016.5050
https://doi.org/10.20344/amp.9696
https://doi.org/10.3389/fonc.2021.661040
https://doi.org/10.3389/fonc.2021.661040
https://doi.org/10.1016/j.molcel.2019.03.040
https://doi.org/10.3390/ijms19124080
https://doi.org/10.18632/aging.102575
https://doi.org/10.1016/j.ymthe.2021.08.005
https://doi.org/10.1016/j.tig.2017.11.005
https://doi.org/10.1016/j.tig.2017.11.005
https://doi.org/10.1007/s11010-017-3177-8
https://doi.org/10.1007/s11010-017-3177-8
https://doi.org/10.2147/CMAR.S182719
https://doi.org/10.3389/fonc.2021.662444
https://doi.org/10.1186/s12920-020-00757-2
https://doi.org/10.1093/bioinformatics/btq170
https://doi.org/10.3389/fonc.2022.951452
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cheng et al.

17. Xia QD, SunJX, Liu CQ, XuJZ, An Y, Xu MY, et al. Ferroptosis patterns and
tumor microenvironment infiltration characterization in bladder cancer. Front Cell
Dev Biol (2022) 10:832892. doi: 10.3389/fcell.2022.832892

18. Xia QD, Sun JX, Xun Y, Xiao J, Liu CQ, Xu JZ, et al. SUMOylation pattern
predicts prognosis and indicates tumor microenvironment infiltration
characterization in bladder cancer. Front Immunol (2022) 13:864156.
doi: 10.3389/fimmu.2022.864156

19. Li T, Fu J, Zeng Z, Cohen D, Li ], Chen Q, et al. TIMER2.0 for analysis of
tumor-infiltrating immune cells. Nucleic Acids Res (2020) 48(W1):W509-14.
doi: 10.1093/nar/gkaa407

20. Liu CQ, Xia QD, Sun JX, XuJZ, LuJL, Liu Z, et al. Identification and validation
of a twelve immune infiltration-related IncRNA prognostic signature for bladder
cancer. Aging (Albany NY) (2022) 14(3):1492-507. doi: 10.18632/aging.203889

21. Qi-Dong X, Yang X, Lu JL, Liu CQ, Sun JX, Li C, et al. Development and
validation of a nine-Redox-Related long noncoding RNA signature in renal clear cell
carcinoma. Oxid Med Cell Longev (2020) 2020:6634247. doi: 10.1155/2020/6634247

22. Xia QD, Zhang Y, Li LS, Lu JL, Xun Y, Sun JX, et al. Identification of a twelve
epithelial-mesenchymal transition-related IncRNA prognostic signature in kidney
clear cell carcinoma. Dis Markers (2022) 2022:8131007. doi: 10.1155/2022/8131007

23. Zhang C, Zhou D, Wang Z, Ju Z, He ], Zhao G, et al. Risk model and
immune signature of m7G-related IncRNA based on lung adenocarcinoma. Front
Genet (2022) 13:907754. doi: 10.3389/fgene.2022.907754

24. Sun JX, Xia QD, Liu CQ, Xu JZ, Xun Y, Lu JL, et al. Construction of a novel
immune-related IncRNA pair signature with prognostic significance for kidney
clear cell renal cell carcinoma. Dis Markers (2021) 2021:8800358. doi: 10.1155/
2021/8800358

25. Ren F, Zhao Q, Zhao M, Zhu S, Liu B, Bukhari I, et al. Immune infiltration
profiling in gastric cancer and their clinical implications. Cancer Sci (2021) 112
(9):3569-84. doi: 10.1111/cas.15057

26. Zhang X, Zhao H, Shi X, Jia X, Yang Y. Identification and validation of an
immune-related gene signature predictive of overall survival in colon cancer. Aging
(Albany NY) (2020) 12(24):26095-120. doi: 10.18632/aging.202317

Frontiers in Oncology

14

10.3389/fonc.2022.951452

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

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

29. Chen DS, Mellman I. Elements of cancer immunity and the cancer-immune
set point. Nature (2017) 541(7637):321-30. doi: 10.1038/nature21349

30. Lissbrant IF, Stattin P, Wikstrom P, Damber JE, Egevad L, Bergh A. Tumor
associated macrophages in human prostate cancer: Relation to clinicopathological
variables and survival. Int ] Oncol (2000) 17(3):445-51. doi: 10.3892/ij0.17.3.445

31. Adams BD, Claffey KP, White BA. Argonaute-2 expression is regulated by
epidermal growth factor receptor and mitogen-activated protein kinase signaling
and correlates with a transformed phenotype in breast cancer cells. Endocrinology
(2009) 150(1):14-23. doi: 10.1210/en.2008-0984

32. Cheng N, Li Y, Han ZG. Argonaute2 promotes tumor metastasis by way of
up-regulating focal adhesion kinase expression in hepatocellular carcinoma.
Hepatology (2013) 57(5):1906-18. doi: 10.1002/hep.26202

33. Zhang J, Fan XS, Wang CX, Liu B, Li Q, Zhou XJ. Up-regulation of Ago2
expression in gastric carcinoma. Med Oncol (2013) 30(3):628. doi: 10.1007/s12032-
013-0628-2

34. Liu X, Meng X, Peng X, Yao Q, Zhu F, Ding Z, et al. Impaired AGO2/miR-
185-3p/NRP1 axis promotes colorectal cancer metastasis. Cell Death Dis (2021) 12
(4):390. doi: 10.1038/s41419-021-03672-1

35. Gao C, Guo X, Xue A, Ruan Y, Wang H, Gao X. High intratumoral
expression of eIF4A1 promotes epithelial-to-mesenchymal transition and
predicts unfavorable prognosis in gastric cancer. Acta Biochim Biophys Sin
(Shanghai) (2020) 52(3):310-9. doi: 10.1093/abbs/gmz168

36. Zhao Y, Wang Y, Chen W, Bai S, Peng W, Zheng M, et al. Targeted
intervention of eIF4A1 inhibits EMT and metastasis of pancreatic cancer cells via
¢-MYC/miR-9 signaling. Cancer Cell Int (2021) 21(1):670. doi: 10.1186/s12935-
021-02390-0

frontiersin.org


https://doi.org/10.3389/fcell.2022.832892
https://doi.org/10.3389/fimmu.2022.864156
https://doi.org/10.1093/nar/gkaa407
https://doi.org/10.18632/aging.203889
https://doi.org/10.1155/2020/6634247
https://doi.org/10.1155/2022/8131007
https://doi.org/10.3389/fgene.2022.907754
https://doi.org/10.1155/2021/8800358
https://doi.org/10.1155/2021/8800358
https://doi.org/10.1111/cas.15057
https://doi.org/10.18632/aging.202317
https://doi.org/10.3389/fonc.2021.613949
https://doi.org/10.1038/s41573-018-0007-y
https://doi.org/10.1038/nature21349
https://doi.org/10.3892/ijo.17.3.445
https://doi.org/10.1210/en.2008-0984
https://doi.org/10.1002/hep.26202
https://doi.org/10.1007/s12032-013-0628-2
https://doi.org/10.1007/s12032-013-0628-2
https://doi.org/10.1038/s41419-021-03672-1
https://doi.org/10.1093/abbs/gmz168
https://doi.org/10.1186/s12935-021-02390-0
https://doi.org/10.1186/s12935-021-02390-0
https://doi.org/10.3389/fonc.2022.951452
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	N7-methylguanosine-related lncRNAs: Distinction between hot and cold tumors and construction of predictive models in colon adenocarcinoma
	Introduction
	Materials and method
	Data acquisition
	Selection of m7G-related lncRNAs
	Consensus clustering and its immune signature
	Construction and validation of an m7G-associated lncRNA-related prognostic model
	Specimen acquisition
	Quantitative real-time PCR
	Statistical analysis

	Results
	Screening of differentially expressed m7G-related lncRNAs in COAD
	DELs-based tumor classification
	Immune correlation analysis based on consensus clustering
	Development and validation of prognostic model
	Clinical application value of the model
	Molecular function and pathway discovery through GSEA
	Extended application of risk model
	Validation of m7G-related lncRNAs based on prognostic model

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


