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Abstract
Background: The most common subtype of colorectal cancer is colon adenocarcinoma (COAD). However,
few studies have investigated the predictive value of N7-methylguanosine(m7G)-related long-noncoding
RNAs (lncRNAs) in COAD. We aim to use m7G-related lncRNAs to construct a prognostic model for COAD.

Methods: RNA-seq data and the corresponding clinical and prognostic Data were downloaded from The
Cancer Genome Atlas (TCGA) database.M7G-related lncRNAs with prognostic values were identi�ed
using the univariate and multivariate Cox regression. Based on Kaplan-Meier curves, we compared the
survival rates in the high-risk and low-risk groups. The functional enrichment of m7G-related lncRNAs
with a prognostic value was interpreted using gene set enrichment analysis (GSEA). Finally, we studied
the relationship between predictive signature and treatment response in patients with COAD.

Results: Six m7G-related lncRNAs (LINC01063, ARRDC1-AS1, AL354993.2, ZEB1-AS1, SNHG16,
LINC02474) were identi�ed to establish a signature. The m7G-related lncRNA signature may be able to
predict COAD patients' prognosis independently. The OS times of patients in the high-risk group were
shorter than those in the low-risk group. With an area under the receiver operating characteristic curve of
0.742, the m7G-related lncRNA prognostic signature had a better prognostic prediction than
clinicopathological variables. The high-risk group has the most tumor-related pathways, according to
GSEA. The prognostic characteristic was linked to the immunological state of COAD patients, according
to GSEA. The conventional chemotherapy medicines axitinib, cytarabine, sorafenib, parthenolide and
vorinostat were more sensitive in high-risk individuals.

Conclusion: Our study develops a COAD risk model consisting of six lncRNAs related to m7G that have
independent prognostic values. Clinically, the lncRNA signature could improve prediction of outcomes for
patients with COAD and, with further prospective validation, could help guide tailored therapy for COAD
patients

Introduction
Colorectal cancer is among the most common cancers worldwide and also one of the top causes of
cancer-related deaths[1]. COAD accounts for more than 90% of colorectal malignancies across all clinical
subtypes[2]. The current main treatment for COAD includes surgery, radiofrequency ablation, cryosurgery,
chemotherapy, radiotherapy, and targeted therapy[3]. Despite recent advances in targeted medicines and
immunotherapies, survival rates for COAD patients remain unsatisfactory. The poor results could be
attributed to the fact that the majority of the patients were detected late in their disease, making them
more likely to develop distant metastases. Patients with locally advanced colon cancer have a 5-year
relative survival rate of 90 percent, but those with distant-stage disease have a rate of 14 percent [4].
Given this, it is essential to identify novel biomarkers for predicting prognosis in patients with COAD.

N7-methylguanosine (m7G) is a key RNA cap modi�cation that governs practically every step of mRNA
metabolism, including transcription, mRNA splicing, and translation[5]. The N7-methylguanosine (m7G)
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cap is added to the beginning of an mRNA and is involved in a variety of important physiological
functions, primarily by protecting mRNA from premature cleavage in eukaryotic gene expression. [6]. Even
though m7G has been studied for a long time, we still have a limited understanding of its function.
Several types of research have indicated that m7G was closely associated with the incidence and
progression of malignant tumor types. METTL1/WDR4-mediated m7G tRNA modi�cations and m7G
codon usage promote mRNA translation and lung cancer progression[7]. METTL1-m7G-EGFR/EFEMP1
axis promotes bladder cancer development[8]. METTL1 promotes hepatocarcinogenesis via m7G tRNA
modi�cation-dependent translation control[9]. MYC-targeted WDR4 promotes proliferation, metastasis,
and sorafenib resistance by inducing CCNB1 translation in hepatocellular carcinoma[10].

Long non-coding RNAs are a class of RNA molecules in eukaryotes that do not encode proteins, have
transcripts longer than 200 bp, and can regulate gene expression at multiple levels such as epigenetic
regulation, transcriptional regulation, post-transcriptional regulation, etc.[11]. M7G has been shown to be
a critical factor in the growth and metastasis of COAD [12, 13]. However, the mechanism by which m7G
alteration impacts aberrantly expressed lncRNAs in COAD is unclear, few research has focused on how
m7G alteration impacts lncRNAs and thereby contributes to gene regulation. Understanding how m7G-
modi�ed lncRNAs contribute to the growth and poor prognosis of COAD will allow researchers to �nd
biomarkers and make therapeutic recommendations.

This study created an m7G-related lncRNA signature; examined its utility in making predictions about the
diagnosis, therapy response, and prognosis of COAD patients; and performed internal veri�cation.

Materials And Methods

Data sources and processing
Data on mRNA sequencing, lncRNA sequencing, and corresponding clinical information for 514 patients
with COAD were obtained from The Cancer Genome Atlas database (https://portal.gdc.cancer.gov/). The
gene expression pro�les were quanti�ed by FPKM and normalized through log2-based transformation.
Data on disease-free survival (DFS) for 223 COAD patients were downloaded from the cBioPortal
database (https://www.cbioportal.org/). 47 m7G-related genes were downloaded from GeneCards
(https://www.genecards.org/).

Identi�cation of Prognostic m7G-Related lncRNAs
To mine m7G-related lncRNAs, we used the "limma" R package to calculate the correlation between m7G-
related genes and lncRNAs. (with the |R²| > 0.3 and P<0.001). Then, we used the "survival" R package to
identify m7G-related lncRNAs associated with COAD patients’ prognosis via univariate Cox regression
analysis. Finally, We constructed the m7G-related lncRNA prediction signature using multivariate Cox
regression analysis. The risk score for each patient with COAD was calculated using the formula below in
this research:
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Riskscore =
n

∑
i=1

Coefi × xi

Coef indicates the coe�cient value, and x indicates selected m7G-related lncRNAs expression levels.

Construction of Nomogram
Using a combination of the signature and clinical factors including stage, sex, age, and N stage, we
developed a nomogram that predicts the overall survival of COAD patients at 1, 3, and 5 years. A
calibration chart was used to test the accuracy of the prediction, showing the difference between
expected and actual survival, with the 45° line indicating the best forecast result.

Functional Enrichment Analysis of the m7G-Related lncRNA
Predictive Signature
COAD patients were classi�ed as high-risk and low-risk based on the median risk score. The functional
enrichment was interpreted using gene set enrichment analysis (http://www.broad.mit.edu/gsea/)[14].
The statistical signi�cance levels were set at nominal p < 0.05 and FDR < 0.25. We used the "GSVA"
package to calculate the in�ltration scores of 16 immune cells and activity levels of 13 immune-related
pathways via single-sample gene set enrichment analysis (ssGSEA)[15].

The Role of the Prognostic Characteristic in Predicting the
Clinical Treatment Response
To examine the role of the prognostic characteristic in predicting response to COAD treatment, we
calculated the half-maximal inhibitory concentration (IC50) of popular chemotherapeutic drugs used in
the clinical treatment of COAD. The Wilcoxon signed-rank test was used to compare the IC50 values
between the high- and low-risk groups.

Results

Construction of a Novel Prognostic Risk Signature for COAD
We identi�ed 1041 m7G-related lncRNAs. 37 lncRNAs associated with prognosis were obtained by using
univariate Cox regression analysis. 6 lncRNAs associated with 7-methyladenosine (LINC01063, ARRDC1-
AS1, AL354993.2, ZEB1-AS1, SNHG16, LINC02474) were identi�ed by multivariate Cox regression
analysis and built a predictive signature. Figure 1a shows the expression levels of six m7G-related
lncRNAs in COAD patients. We used the "ggalluvial" R software package and Cytoscape to further
visualize the lncRNAs. There were 23 pairs of lncRNA-mRNA in the co-expression network (Fig. 1b, |R2 | >
0.4 and p < 0.001). SNHG16 had co-expressive relationship with thirteen 7-methyladenosine-related genes
(EIF4E, RNMT, NCBP1, RNGTT, CCNH, GTF2H1, POLR2E, MNAT1, POLR2D, POLR2J, SUPT5H, GTF2H3,
IFIT5), ZEB1-AS1 had co-expressive relationship with three m7G-related genes (METTL1,POLR2E,PSMC4),
AL354993.2 had co-expressive relationship with three m7G-related genes (POLR2E, CCNH, RNGTT),

( )
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ARRDC1-AS1 had co-expressive relationship with two m7G-related genes (POLR2J and DXO), LINC01063
was co-expressed with POLR2D, and LINC02474 was co-expressed with POLR2A. SNHG16 was a
protective factor, while LINC02474, LINC01063, ARRDC1-AS1, ZEB1-AS1, and AL354993.2 were risk
factors (Fig. 1c). The following formula was used to determine the risk score: risk score=(0.667 ×
AL354993 expression)+(-1.301 × SNHG16 expression)+(0.531 × LINC02474 expression)+(1.034 ×
LINC01063 expression)+(0.550 × ARRDC1-AS1 expression)+(0.719 × ZEB1-AS1 expression).

The Correlations Between the prognosis of COAD Patients
and the Predictive Signature
Based on the median risk score for each patient, each patient was scored based on the formula, and then
grouped into high-risk and low-risk groups. Kaplan Meier analysis was performed on the OS time of the
high-risk group and low-risk group to determine the value of the risk score in predicting the prognosis of
COAD patients. The OS time of the high-risk group was considerably shorter than that of the low-risk
group (Fig. 2a, p < 0.001). Figure 2b depicts the risk scores of the high- and low-risk groups. As the risk
score increased, more and more patients died (Fig. 2c). We used Cox regression analysis to determine if
the predictive signature is an independent prognostic factor for COAD patients. Stage, T stage, M stage, N
stage, and risk score were all found to be substantially linked with COAD patients' overall survival in a
univariate Cox regression analysis (Fig. 2d). Risk scores and age were found to be independent predictors
of OS in COAD patients in multivariate Cox regression analysis (Fig. 2e, p < 0.05). The risk score's AUC
was 0.742, which was higher than clinicopathological factors when it came to predicting COAD patients'
prognosis (Fig. 2f). The AUCs of 1, 3, and 5-years survival were 0.707, 0.763, and 0.790, respectively,
which indicated good predictive performance (Fig. 2g).

We created a nomogram with clinicopathological factors and the risk score to better predict the OS of
COAD patients at 1, 3, and 5 years (Figs. 3b-d). The calibration chart showed the best prediction accuracy,
and the predicted survival rates were approximately equal to the actual survival rates.

Internal Validation of the Predictive Signature
To assess the applicability of the prediction signature for OS based on the entire TCGA dataset, we
randomly divided the 417 COAD patients into two cohorts (n1 = 209, n2 = 208). In the �rst internal cohort,
the OS rate of patients in the high-risk group was lower than that of the low-risk group (Fig. 4a, p < 0.001),
which was similar to the results seen across the entire dataset. In the second internal cohort, the high-risk
group's prognosis was worse than the low-risk group's (Fig. 4b, p < 0.001). The ROC curves of the two
cohorts showed excellent prediction performance. ROC curve analysis gave acceptable AUC values of
0.757, 0.767, and 0.873 for 1-year, 3-year, and 5-year survival, respectively, in the �rst internal cohort. ROC
curve analysis gave acceptable AUC values of 0.647, 0.763, and 0.728 for 1-year, 3-year, and 5-year
survival, respectively, in the second internal cohort.

Gene Enrichment Analysis and Immune Cell In�ltration
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We used GSEA to study the differences between high-risk and low-risk groups. We investigated that snare
inter, in vesicular transport, citrate cycle traction cycle, and gluconeogenesis were signi�cantly enriched in
the high-risk group (Supplementary tableS1). We explored the correlation between risk scores and
immune cells and immune functions by calculating ssGSEA enrichment scores for different immune cell
subpopulations, related functions, or pathways. The results showed that the high-risk group had
signi�cantly higher levels of helper T-cell type 1 (Th1) cells than the low-risk group (Supplementary
FigureS1a). In addition, the immune function scores of T-cell co-inhibition and T-cell co-stimulation were
higher in the high-risk group than in the low-risk group (Supplementary FigureS1b). The above results
suggest that the immune function may be more active in the high-risk group.

Correlation Between the Predictive Signature and COAD
Therapy
We explored the relationship between predictive models of COAD and the e�cacy of conventional
chemotherapy. The results revealed that the IC50s of axitinib, cytarabine, sorafenib, parthenolide, and
vorinostat were greater in the high-risk group, whereas the IC50 of lapatinib was lower (Figs. 5a–f), which
is useful for developing customized treatment plans for patients in the high- and low-risk groups.

Construction of the m7G-Related lncRNA Predictive
Signature for DFS
Given the importance of DFS in COAD patients' prognosis, we created an m7G-related lncRNA predictive
signature for DFS. A total of 177 COAD patients' DFS data were gathered from the cBioPortal database.
Five N7-methylguanosine-related lncRNAs were revealed to be substantially correlated with DFS in COAD
patients after univariate Cox regression analysis. Three m7G-related lncRNAs were found after
multivariate Cox regression analysis to generate the prediction signature. Risk score = (-2.593 SNHG16 ) +
(-1.752 LINC01871)+(1.359 AC132192.2). According to the algorithm, each patient's risk score was
computed, and the patients in the overall dataset were separated into two groups based on the median
value: high-risk and low-risk. The DFS of the high-risk group was considerably shorter than that of the
low-risk group (Fig. 6a, p<0.01), according to a Kaplan-Meier survival curve analysis. The AUCs of 1, 3,
and 5- years survival were 0.765, 0.814, and 0.923, respectively (Fig. 6d).

To test the sensitivity and speci�city of predictive signature for DFS, we randomized 177 patients into two
groups: the �rst internal cohort (n = 89) and the second internal cohort (n = 88). The median value was
used to separate patients into high- and low-risk groups, and the results throughout the full dataset were
consistent. The DFS of patients in the high-risk group was shorter in the �rst internal cohort (Fig. 6b,
p<0.01) and the second internal cohort (Fig. 6c, p<0.01) compared to the low-risk group. The AUCs for 1,
3, and 5-year survival in the �rst internal cohort were 0.918, 0.899, and 1.000, respectively (Fig. 6e). The
AUCs for 1, 3, and 5-year survival in the second internal cohort were 0.627, 0.821, and 0.868, respectively
(Fig. 6f).

Discussion
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COAD is one of the most frequent malignant tumors of the digestive tract, with the majority of cases
stemming from colorectal epithelial cells. The role of m7G in cancer is complicated. The involvement of
m7G in the formation and progression of cancer has been discovered in a growing number of studies,
although there are few investigations on its signi�cance in cancer prognosis. It has not been reported that
building an m7G-related lncRNA prediction signature can predict the prognosis of COAD patients.

lncRNAs have been demonstrated to play a crucial role in COAD in numerous studies. As a result,
identifying an m7G-related lncRNA prediction characteristic in COAD patients is critical.

In this study, we used univariate Cox regression analysis to obtain 37 lncRNAs associated with the
prognosis of COAD patients. Then, six m7 G-related lncRNAs (LINC01063, ARRDC1-AS1, AL354993.2,
ZEB1-AS1, SNHG16, LINC02474) were obtained by multivariate Cox regression analysis to construct the
prognosis model. Five m7G-related lncRNAs (LINC01063, ARRDC1-AS1, AL354993.2, ZEB1-AS1, SNHG16,
and LINC02474) were reported to be associated with cancer. In melanoma, LINC01063 acts as an
oncogene by regulating SOX12 expression via the miR-5194 pathway[16]. STAT1 activates the long
noncoding RNA ARRDC1-AS1, which has oncogenic characteristics in glioma through sponging the miR-
432-5p/PRMT5 axis[17]. lncRNA ZEB1-AS1Positive Reciprocal Feedback of and α Contributes to Hypoxia-
Promoted Tumorigenesis and Metastasis of Pancreatic Cancer[18]. In human gastric cancer, SNHG16
lncRNAs are overexpressed and may be carcinogenic via in�uencing cell cycle progression[19]. Long
noncoding RNA LINC02474 affects colorectal cancer metastasis and apoptosis by inhibiting GZMB
expression[20]. We also found mRNA (DXO, EIF4E, RNMT, NCBP1, RNGTT, CCNH, GTF2H1, POLR2A,
POLR2D, POLR2E, POLR2J, PSMC4, METTL1, MNAT1, SUPT5H, GTF2H3, and IFIT5) signi�cantly co-
expressed with these lncRNAs. Among them, by preventing DXO destabilization of cyclin D1 mRNA, NPL4
upregulation increases bladder cancer cell proliferation[21]. Upregulation of the eukaryotic translation
initiation factor 4E is linked to a poor prognosis in gallbladder cancer patients and enhances cell
proliferation both in vitro and in vivo[22]. The interaction between the methyl-7-guanosine cap maturation
enzyme RNMT and the cap-binding protein eIF4E has been identi�ed and characterized[23]. Through up-
regulation of CUL4B, NCBP1 promotes the progression of lung adenocarcinoma[24]. As a carcinoma
inducer, cyclin H regulates lung cancer progression[25]. POLR2A promotes gastric cancer cell proliferation
by advancing cell cycle progression overall[26]. SUPT5H post-transcriptional silencing modulates PIN1
expression in human breast cancer cells, inhibits tumorigenicity, and induces apoptosis[27]. Micro-
RNA378a-3p induces apoptosis in sarcomatoid renal cell carcinoma and regulates POLR2A and RUNX2
expression[28]. The roles and mechanism of IFIT5 in bladder cancer epithelial-mesenchymal transition
and progression[29].

We calculated the risk score for each patient using the formula. According to the median value, the
patients were separated into high-risk and low-risk groups. The OS of the high-risk group was shorter than
the low-risk group. The predictive signature has a strong predictive performance, according to the ROC
curve. In predicting the prognosis of COAD patients, the predictive signature was more reliable than
clinicopathological factors. The predictive signature has strong predictive performance, according to
internal veri�cation.
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GSEA showed that compared with the low group, the high-risk group was mainly enriched in snare
interactions in vesicular transport, citrate cycle TCA cycle and gluconeogenesis. The literature suggests
that high PLOD3 expression in COAD leads to a poor prognosis by reducing immune cell in�ltration and
enhancing tumor-promoting pathways such as gluconeogenesis and TGF-beta signaling in the epithelial-
mesenchymal transition (EMT)[30].

We calculated ssGSEA enrichment scores for different immune cell subgroups, immune functions, and
pathways to see if there was a link between risk scores and immune cells and functions. The results
showed that the T helper type 1 (Th1) cell content was signi�cantly different between the high-risk and
low-risk groups and that the immune function scores for T cell co-inhibition and T cell co-stimulation
were higher in the high-risk group than in the low-risk group. These �ndings suggest that the immune
system may be more active in the high-risk group. Axitinib, cytarabine, sorafenib, parthenolide, and
vorinostat are presumably sensitive to high-risk patients, but they are resistant to lapatinib, according to
our �ndings. This suggests that patients in the high-risk group can obtain better outcomes from
immunotherapy combined with chemotherapy, which gives a theoretical foundation for COAD patients to
receive tailored treatment.

However, our study has several limits. First, this study just used data from the TCGA database for internal
testing; external validation of the predictive signature's applicability still requires data from other
databases. Second, to con�rm the risk score model's clinical utility, it must be further validated in clinical
studies. Furthermore, the functions and mechanisms of the six m7G-related lncRNAs must be
investigated further.

To summarize, the m7G-related lncRNA signature can independently predict COAD patients’ prognosis. In
addition, it can provide the foundation for a putative mechanism of m7G-related lncRNAs in COAD and
the e�cacy of treatment.
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Figures

Figure 1

The expression levels and lncRNA-mRNA network of six m7G-related lncRNAs in the predictive signature.
(a) The expression levels of six m7G-related lncRNAs in COAD and normal tissues. (b) The co-expression
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network of prognostic m7G-related lncRNAs. (c) Sankey diagram of prognostic m7G-based lncRNAs.
lncRNAs, long noncoding RNAs; COAD, Colon adenocarcinoma; N, normal; T, tumor.

Figure 2

The correlation between the predictive signature and the prognosis of COAD patients. (a) Kaplan-Meier
analysis of the OS rate of COAD patients in the high- and low-risk groups. (b) The distribution of the risk
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score among COAD patients. (c) The number of dead and alive patients with different risk scores. Blue
represents the number of survivors, and red represents the number of deaths. (d) Forest plot for univariate
Cox regression analysis. (e) Forest plot for multivariate Cox regression analysis. (f) The ROC curve of the
risk score and clinicopathological variables. (G) ROC curve and AUCs at 1-year, 3-years and 5-years
survival for the predictive signature. COAD, Colon adenocarcinoma; OS, overall survival; ROC, receiver
operating characteristic; AUC, area under the curve; T, tumor; N, lymph node.

Figure 3
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Construction and veri�cation of the nomogram. (a) A nomogram combining clinicopathological variables
and risk score predicts 1, 3, and 5 years OS of COAD patients. (b-d) The calibration curves test
consistency between the actual OS rates and the predicted survival rates at 1, 3 and 5 years. N, lymph
node; OS, overall survival; COAD, Colon adenocarcinoma.

Figure 4

Internal validation of the predictive signature for OS based on the entire TCGA dataset. (a) Kaplan-Meier
survival curve in the �rst internal cohort. (b) Kaplan-Meier survival curve in the second internal cohort. (c)
ROC curve and AUCs at 1-year, 3-years and 5-years survival in the �rst internal cohort. (d) ROC curve and
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AUCs at 1-year, 3-years and 5-years survival in the second internal cohort. ROC, receiver operating
characteristic; AUC, area under the curve; OS, overall survival; TCGA, The Cancer Genome Atlas.

Figure 5

Comparison of treatment drugs sensitivity between high- and low-risk groups.

(a)IC50 of axitinib in high and low risk groups. (b) IC50 of cytarabine in high and low risk groups. (c) IC50
of sorafenib in high and low risk groups. (d) IC50 of parthenolide in high and low risk groups. (e) IC50 of
vorinostat in high and low risk groups. (f) IC50 of lapatinib in high and low risk groups. IC50, half-
maximal inhibitory concentration.
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Figure 6

Evaluation of the predictive value of the ferroptosis-related lncRNA signature for DFS. (a) Kaplan-Meier
survival curve in the entire dataset. (b) Kaplan- Meier survival curve in the �rst cohort. (c) Kaplan-Meier
survival curve in the second cohort. (d) ROC curve and AUCs at 1-year, 3-years and 5-years survival in the
entire dataset. (e) ROC curve and AUCs at 1-year, 3-years and 5-years survival in the �rst cohort. (f) ROC
curve and AUCs at 1-year, 3-years and 5-years survival in the second cohort. lncRNAs, long noncoding
RNAs; DFS, disease-free survival; ROC, receiver operating characteristic; AUC, area under the curve.
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