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Background. .e role of N6-methyladenosine long noncoding RNAs (lncRNAs) in colorectal cancer (CRC) is elusive. Materials
and Methods. We identified m6A-associated lncRNAs by using the data gathered from .e Cancer Genome Atlas (TCGA) and
stratified CRC patients into different subgroups. Cox regression analysis was performed to construct an m6A-associated lncRNA
signature. .e role of this signature in the immune microenvironment and prognosis was dissected subsequently. Finally, a gene
set enrichment analysis (GSEA) was conducted to predict the possible mechanisms based on the signature. Results. .ree m6A-
associated clusters were constructed from 866 differentially expressed lncRNAs. Cluster 2 had poor prognosis and low immune
cell infiltration. An m6A-associated lncRNA signature consisting of 14 lncRNAs was constructed and recognized as an inde-
pendent prognostic indicator of CRC by using survival analysis and receiver operating characteristic (ROC) curves. .e clinical
features and immune cell infiltration status were significantly different in patients stratified by the risk score. Furthermore, GSEA
showed that the P53 pathway and natural killer cell-mediated cytotoxicity were more enriched in the low-risk group. Conclusion.
Our data revealed that m6A-associated lncRNAs could be potential prognostic indicators of immunogenicity in CRC.

1. Introduction

Colorectal cancer (CRC) is the third most prevalent gas-
trointestinal malignancy worldwide [1]. A significant
number of CRC patients will ultimately relapse after curative
treatments[2]. Hence, there is an urgent need to investigate
prognostic markers for CRC.

N6-methyladenosine (M6A) is the most common
posttranscriptional modification in RNAs [3]. Recent studies
have indicated that m6A RNA modification plays an im-
portant role in biological processes and cancer pathogenesis
[4]. Aberrant expressions of m6A regulators (e.g.,
METTL14, METTL3, KIA, ALKBH5, FTO, and YTHDF1/2/
3) have been identified in numerous tumors [5–9]. A variety
of pathological functions, ranging from tumor initiation,
invasion, metastasis to tumor stem cell pluripotency, could

be mediated by m6A methylation [10, 11]. Long noncoding
RNAs (lncRNAs) are important epigenetic regulators that
play critical roles in diverse physiological and pathological
processes [12, 13]. Studies have reported that some lncRNAs
participate in tumor initiation and progression [14–16].
Despite extensive efforts to define the pathogenesis of
lncRNAs, the roles of lncRNAs in the m6A modification in
CRC remain largely elusive.

Immune microenvironment has been found to be closely
associated with the clinical outcome of immunotherapy and
tumor development. In the present study, the coexpression
network of the m6A-associated lncRNAs was investigated to
obtain 68 m6A-associated prognostic lncRNAs. .en, we
established three m6A-associated clusters in CRC, analyzed
the characteristics of immune cell infiltration among tumor
cells, and investigated whether m6A-associated lncRNAs
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clusters have prognosis values in CRC patients. Further-
more, we constructed a signature using 14 m6A-associated
lncRNAs which could predict the prognosis of CRC patients.

2. Results

2.1. .e Differential Expressions of m6A-Associated lncRNAs.
A total of 19604 mRNAs and 14086 lncRNAs were
screened from TCGA database. 1590 m6A-associated
lncRNAs were obtained (/R/>0.4 and p< 0.05) according
to 23 reported m6A-associated genes, of which 866 dif-
ferentially expressed m6A-associated lncRNAs in CRC
were detected with a log/fold change (FC)/>0.5 and a
p< 0.001 (Supplementary data 1).

2.2. Identification of m6A-Associated lncRNAs with a Prog-
nostic Value. As shown in Figure 1(a), we annotated m6A-
associated lncRNAs and clinical characteristics, then in-
vestigated the role of each lncRNA on the prognostic out-
come of the patients with CRC. A total of 68 m6A-associated
lncRNAs with obvious prognostic values were detected and
used for further study.

2.3. Establishment of m6A-Associated lncRNA Clusters. To
classify different m6A clusters based on lncRNAs, we
mapped these 68 m6A-associated lncRNAs to expression
profile of CRC samples to perform clustering using the
Consensus Cluster Plus (CCP) tool. As shown in Figure 1(b),
the number of clusters was sequentially set from 1 to 9, and
CCP analysis indicated that the results were most stable
when these m6A-related lncRNAs were separated into three
clusters using the Consensus Cluster Plus R package
(Figures 1(c), 1(d)). .e OS data of each cluster was cal-
culated using the Kaplan–Meier method, and the results
displayed that there was significant difference among the
survival of CRC patients in these three clusters (Figure 1(e)).

2.4. Clinical Characteristics and the Immune Score of Each
Cluster in CRC. As compared with cluster 1 and cluster 3,
cluster 2 had the highest N stage, M stage, and TNM stage
(Figure 2(a)). .e ESTIMATE algorithm was employed to
evaluate the accurate estimate score (tumor purity), immune
score, and stromal score in accordance with the gene ex-
pression profiles of CRC patients. Our findings showed that
compared with clusters 1 and 3, cluster 2 had the lowest
estimate score, immune score, and stromal score
(Figure 2(b)).

2.5. m6A-Associated lncRNAs Signature Construction. As
shown in Figure 3(a), a total of 14 m6A-associated
lncRNAs that had a coexpression relationship with 8 m6A-
associated genes were recognized as effective independent
prognostic factors. Among them, AC137932.3,
AL391422.4, AC092123.1, AC156455.1, AC132192.2,
AC008760.1, RPARP-AS1, LINC02657, AP001619.1,
AC003101.2, AL161729.4, TNFRSF10A-AS1, AL121906.2,
and AC074117.1 were found to be favorable prognostic

factors (Supplementary data 2). .e risk score of each CRC
patient �AC137932.3∗(−1.4041) + AL391422.4∗0.9484 + A
C092123.1∗ (−1.3865) + AC156455.1∗0.1977 + AC13219
2.2∗ (−0.4822) + AC0a08760.1∗0.5973 + RPARP-AS1∗0.35
72 + LINC02657∗0.7205 +AP001619.1∗0.8025 + AC00310
1.2∗1.0959 +AL161729.4∗ 0.3047 + TNFRSF10A-AS1∗(−0.
2329)+AL121906.2∗1.02629+ AC074117.1∗ 0.25582. Based
on the median risk score, 426 CRC patients were classified
into the low-risk and high-risk groups. .e Kaplan–Meier
curves and the distributions of survival status confirmed
the poor outcome in the high-risk group (Figures 3(b)–
3(d)). Our findings showed that the mortality was closely
associated with the risk score. Moreover, the area under the
curve (AUC) is measured, and the value for the prognostic
risk score was 0.764 which is higher than AUCs of the other
clinicopathological factors (Figure 4(e)). .e AUC values
corresponding to 1-, 3-, and 5-year of OS were 0.764, 0.743,
and 0.753, respectively (Figure 3(f )). .ese data indicated
the good prediction accuracy of this model.

2.6. .e Validation of the Signature in CRC. .e prognostic
value of the m6A-associated lncRNA signature was in-
vestigated in CRC patients from TCGA dataset. .e pa-
tients were classified by various clinical parameters,
consisting of gender, age, T, N, M, and TNM stage. In
almost all subgroups, the patients with a low-risk score
trended to have a higher OS rate than that of the high-risk
group (Figure 4).

Next, we evaluated the independence and effectiveness of
this model in predicting prognosis of CRC patients. Our
findings showed that this m6A-associated lncRNA signature
could be an effective and independent factor for predicting
the outcome of the patients with CRC (Figures 5(a), 5(b)).
.en, a nomogram was conducted to predict 1-, 3- and 5-
year OS of the patients with CRC based on the results of
univariate and multivariate Cox regression analyses, in-
cluding age, TNM stage, and the risk score (Figure 5(c))..e
calibration curves demonstrated well-prediction accuracy of
this nomogram in CRC patients (Figures 5(d)–5(f )).

2.7. Gene Set Enrichment Analysis. Finally, we evaluated the
potential biological mechanisms associated with the risk
model by GSEA. As shown in Figure 6, the P53 signaling
pathway (NOM p-val� 0.0019, FDR q-val� 0.155) and
natural killer cell-mediated cytotoxicity (NOM
p-val� 0.0172, FDR q-val� 0.195) were more enriched in the
low-risk group. Our study suggested that this risk-related
model could be used for the personalized treatment of CRC
patients.

3. Discussion

Previous studies have demonstrated the pivotal roles of m6A
modification in various cancers including CRC [14–16].
Investigating the potential prognostic role of m6A-associ-
ated lncRNAs will facilitate understanding of the molecular
mechanisms of CRC. In our work, 68 prognostic m6A-as-
sociated lncRNAs were identified, then three m6A-
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Figure 1: Continued.
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associated lncRNAs cluster groups were constructed using
426 CRC samples from TCGA database. Compared with
cluster 1 and cluster 3, cluster 2 had the worst OS time and
high pathological stage. In addition, ESTIMATE analyses
revealed that the immune score was remarkably reduced in

cluster 2. Our data suggested that m6A-associated lncRNAs
might be used as a predictive biomarker.

It is generally known that there are currently some CRC
prognostic indicators, including the TNM stage and tumor
grade. However, more accurate prognostic factors are
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Figure 1: Unsupervised clustering of CRC using m6A-associated lncRNA expression data. (a). .e forest plot of 68 prognostic m6A-
associated lncRNAs. (b). Consensus Cumulative Distribution Function (CDF) curve of unsupervised clusters analysis. (c). Delta area under
CDF curve of cluster analysis. (d). Cumulative distribution function graph of the consistency matrix at K� 3. .e white and blue heatmap
exhibits sample consensus. (e). Survival curve analysis of three clusters.
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required to predict and analyze the OS rate in CRC patients.
Current studies have indicated that lncRNAs play an im-
portant role in predicting the outcome and prognosis of
various cancers. For instance, Yin, et al. [17] reported that
overexpression of LINC01133 was related to the poor
prognosis in patients with hepatocellular carcinoma. Feng,
et al. [18] reported that lncRNA-CTS was aberrantly
expressed in gastric cancer tissues, and the upregulation of
CTS was closely associated with tumor volume, tumor
histology, lymph node metastasis, and the poor prognosis.
Recently, numerous m6A-associated lncRNAs are reported

to be potential markers for the prediction of various cancers;
Wang, et al. [2] established an 11 m6A-associated lncRNA
signature and confirmed that it had a good prognostic value
and could act as a valid marker for gastric cancer. Xu, et al.
[19] established a risk model consisting of 12 m6A-associ-
ated lncRNAs and demonstrated that the model might be a
promising prediction of prognosis in lung adenocarcinoma
patients. In the present study, an m6A-associated lncRNA
signature consists of 14 lncRNAs which could predict pa-
tients with poor prognosis. Moreover, we assessed the
clinical value of the signature in gender, age, T, N, M, and
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Figure 2: Clinical characteristics and immune score of m6A-associated lncRNAs in CRC. (a). Heatmap of the correlation between m6A-
associated lncRNAs and clinical characteristics in the TCGA database. (b). Comparison of composition of immune score, stromal score and
estimate score in cluster 1, 2 and 3.
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Figure 4: .e prognostic value of the m6A-associated lncRNA signature in CRC patients. Kaplan-Meier analysis for the different risk
groups classified using clinical factors including age (a), gender (b), M stage (c), N stage (d), T stage (e) and TNM stage (f ).
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Figure 5: Continued.
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Figure 5: .e independence and effectiveness of this model in predicting prognosis of CRC patients. Forest plots of univariate (a) and
multivariate (b) Cox regression analysis in CRC. Nomogram model (c) to predict 1-, 3- and 5-year survival rates of CRC patients.
Calibration graph showed the predicted 1- (d), 3- (e) and 5-year (f ) survival rates were close to actual survival rates.
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TNM stage and identified that the signature was closely
associated with the progression of CRC. Meanwhile, the
GSEA analysis preliminary displayed that these lncRNAs
were closely involved in the P53 pathway and NK cell-
mediated cytotoxicity. Further studies are needed to dem-
onstrate the mechanisms involved in this lncRNA signature.

4. Conclusion

In summary, our work defined a m6A-associated lncRNA
signature which could predict the prognosis of CRC patients.
.is m6A-associated lncRNA signature will provide guid-
ance for individualized treatment.

5. Methods

5.1. Data Acquisition and Processing of the CRC Dataset.
.e public RNA sequencing (RNA-seq) data from 512 pa-
tients’ CRC were downloaded from TCGA (https://portal.
gdc.cancer.gov/). Patients without survival information were
removed.

5.2. Identification of m6A-Associated lncRNAs in CRC.
.e m6A-associated genes were gathered from TCGA da-
tabase and selected based on the previously published ar-
ticles [20, 21]. .e m6A-associated lncRNAs were screened
by Spearman correlation coefficient formula with|R| val-
ue> 0.6 and p value <0.001.

5.3. Consensus Clustering of m6A-Associated lncRNAs. On
the basis of the expression levels of m6A-associated
lncRNAs, the CRC patients were separately divided into
three groups (clusters 1, 2, and 3) according to optimal k-
means clustering. Cluster analysis was performed with the
Consensus Cluster Plus R package. .e overall survival (OS)

data of each cluster was calculated using the Kaplan–Meier
method. .e correlation between m6A-associated lncRNAs
and clinical characteristics was analyzed according to TCGA
database. .e ESTIMATE algorithm was employed to es-
timate the tumor immune microenvironment.

5.4. m6A-Associated lncRNA Signature Construction. .e
prognostic m6A-associated lncRNAs were identified via
univariate cox regression analysis..e prognostic signature
was established via multivariate cox regression analysis.
.e risk scores of CRC patients were calculated by the
following formula: Risk score� Expi∗βi, where Expi
represents the expression, and βi represents the coefficient
of m6A-associated lncRNAs. .e accuracy of the m6A-
associated lncRNAs was assessed via the ROC curve
analysis.

5.5. Statistical Analysis. All data were analyzed via by using
R statistical software version 4.0.3. A p value less than 0.05
was statistically significant.

Abbreviations

lncRNAs: Long non-coding RNAs
CRC: Colorectal cancer
TCGA: .e cancer genome atlas
GSEA: Gene set enrichment analysis
ROC: Receiver operating characteristic
M6A: N6-methyladenosine
FC: Fold change
CCP: Consensus cluster plus
AUC: Area under the curve
RNA seq: RNA sequencing.
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Figure 6: .e enriched signaling pathways in the low-risk group. .e GSEA results of the P53 signaling pathway and nature killer cells
mediated cytotoxicity.

14 Journal of Oncology

https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/


Data Availability

.e data that support our findings are openly available in
TCGA (https://portal.gdc.cancer.gov/) repository.

Disclosure

.is study was posted as a preprint in “research square”
according to the following link: https://assets.
researchsquare.com/files/rs-1316777/v1/854f3360-4049-
412a-9c85-5ba562f01006.pdf?c�1644010296 [22].

Conflicts of Interest

.e authors declare no conflicts of interest.

Authors’ Contributions

Conception and design were conducted by Jin Zhou and
Yanzhi Bo. Development of methodology was conducted by
Congfei Yuan and Caidong Liu. Acquisition of data was
performed by Congfei Yuan, Caidong Liu, and Shuli Zhao.
Analysis and interpretation of data were carried out by
Congfei Yuan, Xishan Zhang, Haifeng Jia, Baiyu Chen,
Maojin Zhang, and Yuan Zheng, Writing, review, and/or
revision of the manuscript were conducted by Congfei Yuan,
Caidong Liu, Jin Zhou, and Yanzhi Bo. Study supervision
was performed by Jin Zhou. Congfei Yuan and Caidong Liu
authors contributed equally to this work.

Supplementary Materials

Supplementary data_1: the information of the differentially
expressed m6A-associated lncRNAs. Supplementary data_2:
14 m6A-associated lncRNA signatures were identified as
independent prognostic factors after using multivariate Cox
regression analysis. (Supplementary Materials)

References

[1] L. A. Torre, F. Bray, R. L. Siegel, J. Ferlay, J. Lortet-Tieulent,
and A. Jemal, “Global cancer statistics, 2012,” CA: A Cancer
Journal for Clinicians, vol. 65, no. 2, pp. 87–108, 2015.

[2] K. D. Miller, L. Nogueira, A. B. Mariotto et al., “Cancer
treatment and survivorship statistics, 2019,” CA: A Cancer
Journal for Clinicians, vol. 69, no. 5, pp. 363–385, 2019.

[3] H. Shi, J. Wei, and C. He, “Where, when, and how: context-
dependent functions of RNA methylation writers, readers,
and erasers,”Molecular Cell, vol. 74, no. 4, pp. 640–650, 2019.

[4] F. Tan, M. Zhao, F. Xiong et al., “N6-methyladenosine-de-
pendent signalling in cancer progression and insights into
cancer therapies,” Journal of Experimental & Clinical Cancer
Research, vol. 40, no. 1, p. 146, 2021.

[5] L. Zhong, D. Liao, M. Zhang et al., “YTHDF2 suppresses cell
proliferation and growth via destabilizing the EGFRmRNA in
hepatocellular carcinoma,” Cancer Letters, vol. 442, pp. 252–
261, 2019.

[6] R. Xu, G. Pang, Q. Zhao et al., “.e momentous role of N6-
methyladenosine in lung cancer,” Journal of Cellular Physi-
ology, vol. 236, no. 5, pp. 3244–3256, 2021.

[7] T. Li, P. S. Hu, Z. Zuo et al., “METTL3 facilitates tumor
progression via an m(6)A-IGF2BP2-dependent mechanism in

colorectal carcinoma,”Molecular Cancer, vol. 18, no. 1, p. 112,
2019.

[8] Y. Niu, Z. Lin, A. Wan et al., “RNA N6-methyladenosine
demethylase FTO promotes breast tumor progression
through inhibiting BNIP3,” Molecular Cancer, vol. 18, no. 1,
p. 46, 2019.

[9] M. Cheng, L. Sheng, Q. Gao et al., “.e m6A methyl-
transferase METTL3 promotes bladder cancer progression via
AFF4/NF-κB/MYC signaling network,” Oncogene, vol. 38,
no. 19, pp. 3667–3680, 2019.

[10] S. Huff, S. K. Tiwari, G. M. Gonzalez, Y. Wang, and
T. M. Rana, “m(6 A-RNA demethylase FTO inhibitors impair
self-renewal in glioblastoma stem cells,” ACS Chemical Bi-
ology, vol. 16, no. 2, pp. 324–333, 2021.

[11] Q. Lan, P. Y. Liu, J. Haase, J. L. Bell, S. Huttelmaier, and T. Liu,
“.e critical role of RNA m(6)A methylation in cancer,”
Cancer Research, vol. 79, no. 7, pp. 1285–1292, 2019.

[12] O. Khorkova, J. Hsiao, and C. Wahlestedt, “Basic biology and
therapeutic implications of lncRNA,”Advanced Drug Delivery
Reviews, vol. 87, pp. 15–24, 2015.

[13] A. Bhan and S. S. Mandal, “Long noncoding RNAs: emerging
stars in gene regulation, epigenetics and human disease,”
ChemMedChem, vol. 9, pp. 1932–1956, 2014.

[14] Y. Huang, J. Zhang, L. Hou et al., “LncRNA AK023391
promotes tumorigenesis and invasion of gastric cancer
through activation of the PI3K/Akt signaling pathway,”
Journal of Experimental & Clinical Cancer Research, vol. 36,
no. 1, p. 194, 2017.

[15] J. H. Yoon, B. H. You, C. H. Park, Y. J. Kim, J. W. Nam, and
S. K. Lee, “.e long noncoding RNA LUCAT1 promotes
tumorigenesis by controlling ubiquitination and stability of
DNA methyltransferase 1 in esophageal squamous cell car-
cinoma,” Cancer Letters, vol. 417, pp. 47–57, 2018.

[16] Z. Sun, C. Ou, J. Liu et al., “YAP1-inducedMALAT1 promotes
epithelial-mesenchymal transition and angiogenesis by
sponging miR-126-5p in colorectal cancer,”Oncogene, vol. 38,
no. 14, pp. 2627–2644, 2019.

[17] D. Yin, Z. Q. Hu, C. B. Luo et al., “LINC01133 promotes
hepatocellular carcinoma progression by sponging miR-199a-
5p and activating annexin A2,” Clinical and Translational
Medicine, vol. 11, no. 5, p. e409, 2021.

[18] S. Feng, W. Liu, X. Bai et al., “LncRNA-CTS promotes me-
tastasis and epithelial-to-mesenchymal transition through
regulating miR-505/ZEB2 axis in cervical cancer,” Cancer
Letters, vol. 465, pp. 105–117, 2019.

[19] F. Xu, X. Huang, Y. Li, Y. Chen, and L. Lin, “m(6 A-related
lncRNAs are potential biomarkers for predicting prognoses
and immune responses in patients with LUAD,” Molecular
.erapy—Nucleic Acids, vol. 24, pp. 780–791, 2021.

[20] Q. Lan, P. Y. Liu, J. L. Bell et al., “.e emerging roles of RNA
m(6)Amethylation and demethylation as critical regulators of
tumorigenesis, drug sensitivity, and resistance,” Cancer Re-
search, vol. 81, no. 13, pp. 3431–3440, 2021-07-01 2021.

[21] Y. Ge, T. Liu, C. Wang et al., “N6-methyladenosine RNA
modification and its interaction with regulatory non-coding
RNAs in colorectal cancer,” RNA Biology, vol. 18, pp. 551–561,
2021-11-12 2021.

[22] C. Yuan, C. Liu, S. Zhao et al., “.e role of N6-Methyl-
adenosine-associated lncRNAs in immune microenviron-
ment and prognosis of colorectal cancer,” Research Square,
vol. 14, 2022.

Journal of Oncology 15

https://portal.gdc.cancer.gov/
https://assets.researchsquare.com/files/rs-1316777/v1/854f3360-4049-412a-9c85-5ba562f01006.pdf?c=1644010296
https://assets.researchsquare.com/files/rs-1316777/v1/854f3360-4049-412a-9c85-5ba562f01006.pdf?c=1644010296
https://assets.researchsquare.com/files/rs-1316777/v1/854f3360-4049-412a-9c85-5ba562f01006.pdf?c=1644010296
https://downloads.hindawi.com/journals/jo/2022/4689396.f1.zip

