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Background. Colorectal cancer (CRC) is the third most common tumor worldwide. Aberrant N6-methyladenosine (m6A)
modification can influence the progress of the CRC. Additionally, long noncoding RNA (IncRNA) plays a critical role in CRC
and has a close relationship with m6A modification. However, the prognostic potential of m6A-related IncRNAs in CRC
patients still remains to be clarified. Methods. We use “limma” R package, “glmnet” R package, and “survival” R package to
screen mo6A-related-IncRNAs with prognostic potential. Then, we comprehensively analysed and integrated the related
IncRNAs in different TNM stages from TCGA database using the LASSO Cox regression. Meanwhile, the relationship between
functional enrichment of m6A-related IncRNAs and immune microenvironment in CRC was also investigated using the TCGA
database. A prognostic model was constructed and validated to determine the association between m6A-related IncRNAs in
different TNM stages and the prognosis of CRC. Result. We demonstrated that three related m6A IncRNAs in different TNM
stages were associated with the prognosis of CRC patients. Patients from the TCGA database were classified into the low-risk
and the high-risk groups based on the expression of these IncRNAs. The patients in the low-risk group had longer overall
survival than the patients in the high-risk group (P <0.001). We further constructed and validated a prognostic nomogram
based on these genes with a C-index of 0.80. The receiver operating characteristic curves confirmed the predictive capacity of
the model. Meanwhile, we also found that the low-risk group has the correlation with the dendritic cell (DC). Finally, we
discovered the relationship between the m6A regulators and the three IncRNAs. Conclusion. The prognostic model based on
three m6A-related IncRNAs exhibits superior predictive performance, providing a novel prognostic model for the clinical
evaluation of CRC patients.

1. Introduction in advanced stages [3]. The 5-year survival rate of CRC var-

ies across studies, ranging from 91.0% to 80.0% in histolog-
Colorectal cancer (CRC) is the third most common malig-  ical stages I and II to 61.7-23.2% in histological stages III and
nancy worldwide and has become a leading cause of IV [4,5]. 42% of patients develop local recurrence or distant
cancer-related death [1, 2]. The prognosis of CRC is poor metastasis in stages II and III [6]. However, effective
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indicator for CRC development and prognosis is limited in
the current times. Therefore, finding the key tumor bio-
markers to predict the progress of CRC is needed.

At present, aberrant DNA methylation, abnormal his-
tone modifications, and altered expression levels of various
noncoding RNAs and long noncoding RNA (IncRNA) play
an important role in the progress of tumors [7]. Among
them, N6-methyladenosine (m6A) is the most common
RNA modification, and the dynamic regulation of m6A
modifications has been shown to be significantly related to
gene expression [8-11]. M6A modifications occur via the
m6A methyltransferases called “writers,” removed by the
demethylases called “erasers,” and recognized by m6A-
binding proteins called “readers” [9, 12-14]. Aberrant
M6A modification promoted the progression of tumorigen-
esis in CRC by regulating the level of SOX2 transcripts,
which can predict the poor prognosis in CRC [15]. However,
whether the m6A modification can be used for early diagno-
sis and prognostic evaluation of colorectal cancer, which
may facilitate the clinical evaluation of colorectal cancer
patients.

Previous studies have found that m6A modifications can
influence the binding between IncRNAs and specific DNA
loci, affecting the progression of the tumor [16]. IncRNAs
are defined as transcripts of more than 200 nucleotides that
are not translated into proteins, but IncRNAs play different
roles in mammals, such as regulating chromatin dynamics,
gene expression, growth, differentiation, and development
[17, 18]. For example, IncRNA CCAT?2 can facilitate meta-
static progression, increase chromosomal instability, and
promote CRC tumorigenesis by activating the WNT path-
way [19, 20]. IncRNA also can upregulate m6A regulators
(YTHDE3) through a yes-associated protein- (YAP-) depen-
dent manner and promote the progress of CRC patients
[21]. In CRC, m6A-induced IncRNA RP11 can trigger the
liver metastasis of CRC via posttranslational upregulation
of Zinc-finger E-box-binding homeobox 1 (Zebl) [22].
However, whether m6A-modified IncRNA could serve as a
predictor for CRC prognosis remains unknown.

In our study, we integrated the information of CRC sam-
ples from TCGA and GEO database to comprehensively
demonstrate the prognostic value of m6A-related IncRNAs
and the relationship between them and TILs in CRC. We
revealed that three different mé6A-related IncRNAs
(ALMSI-IT1, LINCO01138, and ZEB1-AS1) can serve,
respectively, as an independent factor in CRC prognosis.

2. Method and Materials

2.1. Data Acquisition. The RNA sequencing and correspond-
ing clinical data were downloaded from the TCGA database
(https://portal.gdc.cancer; including 568 CRC samples and
44 normal tissue samples) and the GEO database (http://
www.ncbi.nlm.nih.gov/geo/; GSE39582 including 523 CRC
samples). The somatic mutation data and copy number var-
iation (CNV) data was acquired from TCGA database. A
total of 24 regulators were extracted from the above datasets
for identifying different m6A modification patterns medi-
ated by m6A regulators. These 24 m6A regulators included

Disease Markers

8 writers (METTL3, METTL14, METTL16, RBM1S5,
RBM15B, WTAP, VIRMA, ZC3H13), 2 erasers (ALKBHS5,
FTO), and 14 readers (YTHDCI1, YTHDC2, YTHDFI,
YTHDF2, YTHDEF3, IGF2BP1, HNRNPA2B1, HNRNPC,
FMR1, LRPPRC, IGFBP1, IGFBP2, IGFBP3, RBMX). Since
the TCGA and the GEO databases are publicly available
and this study strictly followed access policies for databases
and publication guidelines, ethical approval from a local
ethics committee was not required.

2.2. Screening and Identifying Signature Associated with CRC
Prognosis. The mRNA sequencing data from the TCGA
database was matched with m6A-related genes. And the
expression levels were identified between CRC tissues and
adjacent nontumorous tissues. A coexpression analysis was
conducted to identify the correlation of m6A-related gene
expression with IncRNAs through “limma” R package. We
derived the regulatory hypotaxis between the two factors
with the correlation coefficient, and the network plot was
depicted to visualize the correlation. Then, the differentially
expressed genes (DEGs) between stage I-II and stage III-IV
CRC patients were identified by the “limma” R package with
a false discovery rate of <0.05. Univariate Cox analysis of
overall survival (OS) was performed using the “survival” R
package to screen m6A-related-IncRNAs with prognostic
potential. The overlapping prognostic DEGs were incorpo-
rated into the LASSO Cox regression using the “glmnet” R
package. According to the minimum criteria, penalty param-
eter (A) was obtained by tenfold cross-validation. The risk
score of each patient was calculated based on the expression
of each gene and the corresponding regression coeflicient:
Risk score = SUM (expression of each gene x corresponding
coefficient). CRC patients were divided into the low-risk and
the high-risk groups according to the median of the risk
score. Principal component analysis (PCA) was performed
using the “prcomp” function of the “stats” R package based
on signature gene expression in the TCGA database. In addi-
tion, t-SNE was performed by the “Rtsne” R package to
investigate the distribution of the two groups.

2.3. Construction and Evaluation of the Predictive
Nomogram. To determine whether the risk score was an
independent prognostic predictor for OS compared to other
clinical features in the TCGA database, univariate and mul-
tivariate Cox regression analyses were performed. The “rms”
R package was used to construct a predictive nomogram and
corresponding calibration maps based on independent pre-
dictive factors. Time-dependent receiver operating charac-
teristic (ROC) curve analysis was performed to evaluate the
predictive power of the nomogram using the “timeROC” R
package. Patients from GSE39582 were analysed using the
same formula as that for the TCGA database. ROC curves
were generated to determine the sensitivity and specificity
of the predictive nomogram.

2.4. Functional Enrichment Analysis. Gene Ontology (GO)
analyses were performed. The P value was adjusted by the
BH method. Single-sample gene set enrichment analysis
(ssGSEA) in the “gsva” R package was used to assess the
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FI1GURE 1: Landscape of genetic and expression variation of m6A regulators in colorectal cancer. (a) The location of copy number variation
(CNV) alteration of m6A regulators on 24 chromosomes using TCGA datasets. (b) The expression of 24 m6A regulators between normal
tissues and colorectal tissues. Tumor, red; normal, blue. The upper and lower ends of the boxes represented interquartile range of values. The
lines in the boxes represented median value, and black dots showed outliers. The asterisks represented the statistical P value (*P < 0.05;

(®)

**P <0.01; ***P <0.001).
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FI1GURE 2: The relationship between prognostic m6A-related long noncoding RNAs (IncRNAs) and m6A regulators in colorectal cancers. (a)
Network plot of correlation among m6A-related gene expression and IncRNAs. (b) Intersection analysis of m6A-related genes and
prognostic model genes in CRC. (c) Heat map of the differences in the expression of m6A prognostic IncRNAs between stages I-II and
stages ITI-IV. Red represents high expression, whereas blue represents low expression. The abscissa represents the sample, whereas the
ordinate represents prognostic IncRNAs. (d) Forest plot of univariate Cox regression analysis. Data on prognostic IncRNAs were
extracted, and the confidence intervals and hazard ratios were calculated. Red represents high-risk score. (e) Correlation analysis to
analyse the correlation between target gene ALMSI-IT1 and prognostic m6A-IncRNAs in colorectal cancer. (f) Correlation analysis to
analyse the correlation between target gene LINC01138 and prognostic m6A-related IncRNAs in colorectal cancer. (g) Correlation
analysis to analyse the correlation between target gene ZEB1-AS1 and prognostic m6A-IncRNAs in colorectal cancer. Red means a
positive correlation, whereas blue means a negative correlation; * indicates a statistically significant difference.

two-tailed. A P value < 0.05 was considered statistically sig-
nificant if not specified above.

activity of 13 immune-related pathways and to calculate the
infiltration scores of 16 immune cells.

2.5. Statistical Analysis. All statistical analyses were per-
formed using the R software (version 4.0.3). The student’s
two-sided t-test was performed to compare gene expression
between CRC tissues and adjacent nontumorous tissues. The
OS of different groups was compared by Kaplan-Meier anal-
ysis followed by log-rank test. Mann-Whitney test was
performed to compare the ssGSEA scores of immune path-
ways or cells between the two groups. All P values were

3. Results

3.1. Landscape of Genetic Variation of m6A Regulators in
Colorectal Cancer. A total of 24 m6A regulators including
8 writers, 2 erasers, and 14 readers were finally identified
in this study. We first summarized the incidence of copy
number variations and somatic mutations of 24 m6A regula-
tors in CRC. The location of CNV alteration of m6A
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FIGURE 3: Prognostic analysis of the 3-gene risk level in the TCGA database. (a) The distribution and median value of the risk scores in the
TCGA database. (b) PCA analysis of the TCGA database. (c) t-SNE analysis of the TCGA database. (d) The distributions of OS status, OS,
and risk score in the TCGA database. (e) Kaplan-Meier curves for the OS of patients in the high-risk group and low-risk group in the TCGA
database. (f) ROC curves of m6A-related IncRNAs for predicting 1/2/3 -year survival in the TCGA dataset.

regulators on chromosomes is shown in Figure 1(a). Based
on the expression of these 24 m6A regulators, we could
completely distinguished CRC samples from normal sam-
ples in CRC tissues (Figure 1(b)). The above analyses pre-
sented the highly heterogeneity of genetic and expressional
alteration landscape in m6A regulators between normal
and CRC samples, indicating that the expression imbalance

of m6A regulators played a crucial role in the CRC occur-
rence and progression.

3.2. Identification of m6A-Related IncRNAs in Prognosis
Model. To further understand the relationship among the
mo6A-related IncRNAs and prognosis models, the m6A-
related gene expression data were extracted from the collated
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FIGURE 4: Prognostic analysis of the 3-gene risk level in the GEO database. (a) The distribution and median value of the risk scores in the
GEO database. (b) PCA analysis of the GEO database. (c) t-SNE analysis of the GEO database. (d) The distributions of OS status, OS, and
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database. (f) ROC curves of m6A-related IncRNAs for predicting 1/2/3-year survival in the GEO dataset.

transcriptome data to distinguish between m6A and
IncRNA. A network plot was drawn to identify the correla-
tion among mé6A-related gene expression and IncRNAs
(Figure 2(a)). There were 53 out of 222 m6A-related
IncRNAs differentially expressed in different stage. Among
them, only 5 common IncRNAs were related with the prog-
nosis. These 5 common IncRNAs were included in the
LASSO Cox regression analysis. Finally, only 3 m6A-

related IncRNAs (LINCO01138, ALMSI1-IT1, ZEB1-AS1)
were included in our prognostic model. The differences
between stages I-II and stages III-IV in the expression of
the m6A-related prognostic IncRNAs were identified and
are shown as heat map (Figures 2(b) and 2(c)). The results
of univariate Cox regression analysis are shown in a forest
plot that the three m6A-related IncRNAs were the important
prognostic predictor for the TNM stage (Figure 2(d)).
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F1GURE 5: Cox regression analyses. (a, b) Results of the univariate and multivariate Cox regression analyses in the TCGA database. (c, d)
Results of the univariate and multivariate Cox regression analyses in the GEO database.
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F1GURE 6: Construction and validation of a predictive nomogram. (a) The nomogram for predicting the OS of patients with CRC at 1, 2, and
3 years. (b) Calibration curves of the nomogram for OS prediction at 1, 2, and 3 years. (c) ROC curve analysis based on TCGA database. (d)

ROC curve analysis based on GEO database.

Finally, to clear the relationship between the potential m6A
regulators and the screened IncRNAs, we analysed the corre-
lation between the target gene and the m6A-related
IncRNAs in CRC through correlation analysis. We found
that the abovementioned target gene is related to m6A-
related IncRNAs (P <0.05). Expressions of ALMSI-IT1,
LINCO01138, and ZEB1-AS1 were associated with several
m6A regulators, including RBM15, YDHTC2, FMR1, and
FTO (Figures 2(e)-2(g)).

3.3. The Risk Scores Were Calculated Based on Three m6A-
Related IncRNAs. To verify predictive value of our screened
IncRNAs in CRC prognosis, we used the LASSO Cox regres-
sion to establish the risk scoring system analysing expression
profile about three m6A-related IncRNAs. The risk score
was calculated as follows: Risk score =SUM (0.000328 x
LINCO01138 + 0.00164 x ALMS1 —IT1 + 0.00279 x ZEBI —
AS1). Patients were classified into the low-risk and the high-
risk groups according to the median cut-off value
(Figure 3(a)). High-risk patients had a higher probability of
death compared to the low-risk group (Figure 3(d)). T-
SNE and PCA analysis showed that patients in different
groups were distributed in two directions (Figures 3(b) and
3(c)). The Kaplan-Meier curve revealed that the prognosis
of low-risk patients was significantly better than that of the
high-risk group (Figure 3(e), P <0.001), suggesting great
sensitivity and specificity of the prognostic signature in pre-
dicting OS. A significant association between the three
IncRNA genes and the prognosis of CRC patients was also
observed. The ROC analysis also indicated that m6A-
related IncRNA genes had a strong prognostic value for
CRC patients in the TCGA dataset (1-year AUC =0.679,
2-year AUC = 0.663, 3-year AUC = 0.699; Figure 3(f)).

These results showed that the m6A-related IncRNA
genes had a robust and stable OS-predictive ability. Mean-
while, another group patients from GSE39582 were analysed
using the same formula as that for the TCGA database. The
result is as similar as the patients from TCGA (Figure 4).

3.4. Prognostic Risk Score Displayed Strong Correlations with
Clinicopathological Features and Survival in CRC Patients.
To evaluate whether our model was independent of other
clinical prognostic factors that could affect the patients” out-
come, we tested the model with two independent sets of
samples from different databases. In TCGA database, based
on the univariate and multivariate Cox proportional hazards
regression analyses, there were three independent predictors
(age, T stage, and risk score) identified in the CRC. Univar-
iate Cox proportional hazards regression analysis demon-
strated that age (P <0.001), TMN stage (P<0.001), T
stage (P <0.001), N stage (P <0.001), M stage (P <0.001),
and risk score (P<0.001) had an impact upon OS
(Figure 5(a)). Multivariate Cox proportional hazards regres-
sion analysis showed a significant correlation between age
(HR =1.042, P<0.001), T stage (HR=1.803, P =0.028),
and risk score (HR > 1000, P=0.030) and OS in CRC
patients (Figure 5(b)). In the GEO database, there were only
two factors that were not the independent predictors (gender
and TNM stage) in CRC. Univariate Cox proportional haz-
ards regression analysis demonstrated that age (P < 0.001),
TMN stage (P<0.001), T stage (P<0.001), N stage
(P <0.001), M stage (P <0.001), and risk score (P < 0.001)
had an impact upon OS (Figure 5(c)). Multivariate Cox pro-
portional hazards regression analysis showed a significant
correlation between age (HR=1.029, P<0.001), T stage
(HR=1.495, P=0.007), N stage (HR=1.447, P=0.015),
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FIGURE 7: Representative results of functional analysis: (a) the most significant GO enrichment; (b) the most significant KEGG pathways.

M stage (HR = 6.813, P <0.001), and risk score (HR > 1000,
P=0.011) and OS in CRC patients (Figure 5(d)).

3.5. Construction and Validation of the Predictive
Nomogram. Meanwhile, based on these independent prog-
nostic factors, a nomogram was developed to quantify the
prediction of individual survival probability for 1, 2, and 3
years (Figure 6(a)). The C-index of the nomogram was
0.80 (95% CI: 0.74-0.85). The calibration curves indicated
great consistency between predicted OS and actual observa-
tion at 1, 2, and 3 years (Figure 6(b)).

Then, ROC curves were generated to verify the predic-
tive value of the nomogram. The AUCs for 1-, 2-, and 3-
year OS were 0.804, 0.807, and 0.805, respectively, in the
TCGA database (Figure 6(c)). To examine the robustness
of the model, we incorporated patients from the GEO data-
base into the predictive model. The results showed that the
AUC: for 1-, 2-, and 3-year OS with the nomogram were
0.798, 0.757, and 0.729, respectively (Figure 6(d)).

3.6. Functional Analysis of DEG. To clarify the biological
functions associated with the risk scores, we performed GO
enrichment and KEGG pathway analyses using the DEGs.
GO analysis demonstrated that DEGs were enriched in cell
adhesion molecule binding and cadherin binding
(Figure 7(a)). KEGG pathway analysis also revealed that cell
adhesion molecule binding and cadherin binding were
enriched in the TCGA database (Figure 7(b)).

3.7. Immune Infiltration and Immune Status of Patients in
Different Risk Groups. To investigate the correlation between
risk score and immune status, the ssGSEA scores for differ-
ent immune cell subsets, cell functions, and related pathways
were quantified. The results showed that the scores of DC,
plasmacytoid dendritic cells (pDC), and mast cells in high-
risk patients were lower than those of the low-risk group
(Figure 8(a)). Also, there were significant differences in type
I interferon response and CCR in the TCGA database
between the two groups (Figure 8(b)).
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4. Discussion

In this study, we analysed the expression of 24 m6A-related
IncRNA genes in CRC tissues and investigated their associa-
tion with the OS of CRC patients using public databases.
Three differentially expressed m6A-related IncRNA genes
(ALMSI-IT1, LINCO01138, and ZEB1-AS1) in different
TNM stage CRC were associated with the prognosis. Patients
with different expression levels of these genes showed different
immune status and functional enrichment. Finally, we pro-
posed a prognostic nomogram based on these genes, which
exhibited great sensitivity and specificity in predicting OS.
Our study showed that these three m6A-related IncRNAs
can act as prognostic biomarkers in CRC. Meanwhile, it is
the first prognostic model for different TNM stage CRC
patients based on m6A-related IncRNA genes.

At present, highly expressed m6A modifications can
increase the stability of the oncogenic IncRNA, which pro-
motes cancer cell proliferation, invasion, and migration
[23]. Meanwhile, IncRNA also can interact with the m6A
regulators (METTL3) to suppress the stability of phospha-
tase and tensin homolog (PTEN) to facilitate gastric cancer
(GC) progression [24]. Our study proposes a relationship
between IncRNAs and m6A in the CRC and also found that
the m6A-related IncRNAs had predicted effect on the prog-
ress and overall survival of the CRC, but the specific regula-
tory role among them remains further study.

Our results show that the abovementioned IncRNA
genes highly express in the stage III-IV CRC. Previous stud-
ies found that ALMS1 was the IncRNA that targets the most
mRNAs and proteins in head and neck squamous cell
carcinoma (HNSCC), which related to the progression and
prognosis of cancers [25]. Additionally, overexpression of
ALMSI1-IT1 promotes cell viability and heightened the num-
ber of colonies in lung cancer cells, promoting the malignant
progression of lung adenocarcinoma [26]. LINCO01138
regulates the expression of downstream genes through mod-
ulating protein arginine methyltransferase 5 (PRMT5), pro-
moting hepatocellular carcinoma (HCC) cell proliferation,
tumorigenicity, tumor invasion, and metastasis in vitro and
in vivo [27]. As a member of the arginine methyltransferase
(PRMTsS) protein family, PRMT5 mediates the methylation
of protein [28] and plays an important role of the progress
in various cancer such as lung cancer, liver cancer, colorectal
cancer, and breast cancer [29-32]. Our result also shows the
LINCO01128 highly expressed in the stage III-IV CRC, which
may suggest that LINC01128 regulates PRMT5 function to
aggravate the progress in stage III-IV CRC. However, the
hypothesis must need more studies to confirm. ZEB1-AS1
(the antisense long noncoding RNA of zinc finger E-box-
binding protein 1, ZEB1) can positively regulate the expres-
sion of ZEBI that participates in cell apoptosis, chemoresis-
tance, invasion, and metastasis in cancer [33-35], promoting
the progress of HCC. In the correlation analysis, we also find
that the three IncRNAs were associated with several m6A
regulators, including RBM15, YDHTC2, FMRI, and FTO,
which overexpress in the tumor tissues. That imply the three
IncRNAs can exert their functions through m6A modification
in CRC. Moreover, the three m6A-related IncRNAs also pre-
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dict poor prognosis in cancer [27, 28, 33], which is consistent
with our result that the patients with low-risk score have lon-
ger OS than the high-risk score. Therefore, we have sufficient
reason to believe that the above three IncRNAs can serve as
biomarkers for the prognosis of CRC.

Additionally, the prognosis of CRC is associated with
immune cell like CD8+ T cell and dendritic cells (DCs)
[36, 37]. Our result shows that the patients with low score
get more DCs which is the potent antigen-presenting cells
(APCs) that play a critical role in immunotherapy in CRC
[38]. In functional analysis, we discover that the risk score
is associated with cell adhesion molecule binding and cad-
herin binding. Different cell adhesion molecules express on
the surface of DCs can present tumor antigens to T cells,
which can indirectly facilitate T cell infiltration to kill the
tumor cells [39]. Our results also showed that the ability to
recruit DC was stronger in the low-risk group than in the
high-risk group, but there was no significant difference in
the ability to recruit CD8+ T cells between the two groups.
That may indicate these IncRNAs possibly influence the
prognosis through the regulation of DCs, suggesting that
prognostic model with these three IncRNAs may be the
potential biomarker for cancer. Nonetheless, the functions
and interactions between tumor-immune cell and m6A-
related IncRNAs need more investigating.

5. Conclusions

In summary, we proposed a novel prognostic model of
m6A-related IncRNAs in CRC, which had an important
prognostic value for the clinical evaluation of CRC patients.
Future investigations on the mechanisms between these
IncRNAs and m6A modification in CRC are needed.
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