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Background: To investigate the expression characteristics of long non-coding RNA (IncRNA) in colon
adenocarcinoma (COAD) and its potential value in predicting the prognosis of patient survival.

Methods: We downloaded COAD-related RNA sequencing (RINA-seq) data and patient survival data from
The Cancer Genome Atlas (TCGA). The data were analyzed for IncRNA expression differences, subjected
to Cox regression analysis for survival rate, and Kaplan-Meier (KM) survival curves were plotted to analyze
the role of the key genes related to prognostic survival by pathway enrichment analysis.

Results: The data of 494 COAD clinical samples from TCGA were analyzed; 204 IncRNAs were
differentially expressed, 156 were up-regulated, and 48 were down-regulated. The 10 genes with the most
significant expression differences were Linc02418, Blacatl, ELFN1-AS1, CRNDE, AC002384.1, AL353801.1,
LINCO01645, AC073283.2, AC087379.1, and LINC00484. Cox regression analysis of 204 IncRNA genes
showed that 23 IncRNA genes with significant effects on the prognosis and survival rate of COAD patients
were obtained when P<0.05 was used as the threshold. With P<0.001 as the threshold, the KM curves of
4 genes (Linc02257, Linc02474, Ac010789.1, Ac083967.1) were statistically significant (P<0.05). The gene
Linc02257 was selected for Gene Ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis, and it was revealed that the inheritance of Linc02257-regulated
gene expression was closely related to tumor development, such as collagen-containing extracellular matrix,
organogenesis, activity of membrane protein receptors, and ion channel activity. The signaling pathways
regulated by Linc02257 were also closely related to tumors, such as neuroactive ligand-receptor interaction,
the PI3K-AKT signaling pathway, calcium signaling pathway, and protein digestion and absorption.
Conclusions: In COAD, IncRNA is differentially expressed and plays an important role in the disease
regulation. It has potential application value in the diagnosis, targeted therapy, and prognosis of COAD

patients.
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Introduction

Colon adenocarcinoma (COAD) is a primary malignant
tumor in the colonic epithelium. The early symptoms
of COAD are insignificant, and as it progresses, patients
gradually present with symptoms such as abdominal pain,
hematochezia, changes in stool characteristics, and body
weight loss. At present, surgery-based comprehensive
treatment options for colon cancer have the best efficacy,
but for patients with advanced or end stage colon cancer,
their therapeutic effect is still poor (1). Therefore, it is
important to study the pathogenesis, early diagnostic
markers, and molecular targets for targeted therapy of
COAD. Long non-coding RNA (IncRNA) are RNA with
a total nucleotide length of more than 200, and although
they are not involved in gene transcription and play an
important role in the development, mechanical homeostasis,
and maintenance of cell fate, the abnormal expression of
IncRNAs in different types of tumors and tissues is closely
related to the development of cancer, so they provide new
biomarkers and drug targets (2,3). At present, there have
been an escalating number of studies on the relationship
between specific IncRNA and the development of COAD.
Dysregulation of IncRNA H19, SNHG7, HOTAIR, CRNDE
are the IncRNAs which have been proved to affect the
proliferation of cancer cells and predict bad prognosis (4-7).
However, the down-regulation of IncRNA BDNF-AS in
colorectal patients was seen as a protective gene which can
inhibit tumor progression (8). With the development of
whole exome sequencing, people can capture and enrich
the DNA in the exon region of the whole genome, and
then conduct high-throughput sequencing to find the
genetic mutations related to protein function variation (9).
Meanwhile, the abnormal expression of LncRNA gene
profile in colon cancer can also reflect the changes related
to protein function variation, but there is still a lack of
comprehensive and macro investigation and analysis.
With the development of next-generation sequencing
(NGS) technology, RNA sequencing (RNA-seq) data has
proliferated, and a large number of RNA-seq data can be
downloaded from different public databases for analysis.
The Cancer Genome Atlas (TCGA) database includes
common cancer genome, transcriptome, proteome, and
epigenetic group data and their associated clinical data,
providing massive data for mining meaningful genomic
changes and discovering biological mechanisms such as
tumor development and progression (10,11). Downloading
COAD-related RNA-seq data from TCGA for analysis
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of IncRNA expression characteristics in COAD tissues
can preliminarily elucidate the mechanism of IncRNA in
colorectal cancer (CRC) development and its potential
application value in prognosis. There have been reports
of mining biomarkers related to breast cancer, pancreatic
cancer, and liver cancer using TCGA database, but data
mining on COAD is rarely reported (12,13). Therefore,
in this study, RNA-seq data from TCGA will be used to
investigate IncRNA associated with COAD pathogenesis
and to explore its application value in COAD diagnosis and
prognosis. We present the following article in accordance
with the REMARK reporting checklist (available at https://
jgo.amegroups.com/article/view/10.21037/jgo-22-384/rc).

Methods
Data acquisition

We visited the Xena official website (https://xenabrowser.
net/datapages/); RNAseq clinical expression profile data
of COAD samples in TCGA database were obtained,
with a total of 494 samples (including 453 tumor tissue
samples and 41 normal tissue samples), each containing
60,489 different types of gene. The study was conducted in
accordance with the Declaration of Helsinki (as revised in

2013).

Data processing and differential expression analysis

We downloaded RNA-seq expression profile data and
extracted the raw counts expression matrix. Then, IncRINA
genes (lincRNA, processed pseudogene, transcribed
processed pseudogene, antisense RNA) were filtered from
the data using R language (version 4.1.3; The R Foundation
for Statistical Computing, Vienna, Austria). The matrix was
divided into 2 groups “Tumor” and “Normal” according to
the last 3 bits “01A” and “11A” of tissue listed in the matrix.
Differential analysis was performed on the 2 groups of
gene matrix using the “DESeq2” module of BiocManager
software package in R; the screening threshold was
[log2FC1>3, false discovery rate (FDR)<0.001, and eligible
genes were considered significantly differentially expressed.
Volcano plots were drawn using 2 modules: “ggpubr” and
“ggthemes”.

Prognostic survival analysis

The survival data of 469 samples of colon cancer phenotype
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Figure 1 Significant differential gene up-regulation and down-
regulation plot. A total of 204 genes; red indicates up-regulation,

blue indicates down-regulation.

were obtained from the same Xena website, among which
the expression profiles of IncRNA genes were selected.
After combining the data with differentially expressed genes
(DEGs), Cox regression analysis was performed using the
“survival” package in R language, and the difference was
considered significant at P<0.05 to determine the DEGs
that had an effect on patient survival, and forest plots were
drawn using “forestplot”. The median expression values of
IncRNA in these patient samples divided the patients into
a high expression group and low expression group. The
survival rate differences of patients between high and low
expression groups were compared. The Kaplan-Meier (KM)
survival curve of IncRNA, which predicts the potential impact
on the prognosis and survival time of patients, was drawn
using the R survival package and the curve was subjected to
logrank test. A P value <0.05 indicated that the expression
level of IncRNA had a statistically significant difference in the
prognosis and survival between the 2 groups.

LncRNA functional analysis

The prognosis-related genes were identified from survival
analysis, and Gene Ontology (GO) function and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
enrichment analyses were performed to screen the results
with P<0.05 as significant enrichment results by coding
genes containing the regulation of IncRNA using the
“clusterprofiler” package in R.
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Statistical analysis

All the differentially expressed data were analyzed by using
R software (version 4.1.3) through the “DESeq2” and
“survival” package. KM survival analysis (log-rank test) was
applied. ROC curve analysis, univariate, and multivariate
Cox regression analysis were conducted and P value <0.05
was considered as a significant threshold.

Results
Differential analysis expression and volcano plot display

According to the screening threshold, 204 significantly
differentially IncRNA-expressed genes were obtained,
among which, 156 were up-regulated and 48 were down-
regulated. The volcano plot is shown in Figure 1, and the
genes were ranked within 10 bits according to their FDR
values, as shown in Table 1. We selected the 3 genes with
the most significant expression levels, Linc02418, Blacatl,
and A/353801.1, and obtained their expression levels in
tumor tissues and normal tissues using punctate grouping
comparison plots, as shown in Figure 2.

Cox analysis

Cox regression analysis was performed for the above 204
IncRNA genes using the “survival” package in R language,
together with survival data. Using P<0.05 as the threshold,
23 IncRNA genes with significant effects on the prognosis
and survival rate of patients were obtained, the forest plot is
shown in Figure 3.

Survival and prognostic analysis

In all, 5 genes with P<0.001 in Cox analysis, Linc02257,
Linc00891, Linc02474, Ac010789.1, and Ac083967.1, were
divided into high- and low-expression groups by median
expression, and the KM curve was plotted using the survival
package of R language. The KM curve of LINC00891 gene
was not statistically significant (P=0.877), and the KM curve
of the other 4 genes was statistically significant (P<0.05), as
shown in Figure 4.

LncRNA enrvichment functional analysis

The gene Linc02257 was selected for GO function and
KEGG pathway enrichment analysis, which revealed that
the inheritance of Linc02257-regulated gene expression was
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Table 1 Top 10 IncRNA gene expression

1181

Gene Ensembl ID Log2 FC FDR Change
LINC02418 ENSG00000214039.8 9.00 3.17e-120 upP
BLACAT1 ENSG00000281406.1 5.10 1.10e-117 up
ELFN1-AS1 ENSG00000236081.1 4.85 4.93e-116 up
CRNDE ENSG00000245694.9 4.61 4.16e-97 uP
AC002384.1 ENSG00000228742.9 6.49 5.32e-73 upP
AL353801.1 ENSG00000223462.2 -3.61 5.84e-68 DOWN
LINCO1645 ENSG00000224968.1 -4.63 1.99e-60 DOWN
AC073283.2 ENSG00000226087.1 -4.21 1.25e-55 DOWN
AC087379.1 ENSG00000254645.1 -5.00 3.77e-49 DOWN
LINC00484 ENSG00000235641.4 -3.63 5.20e-46 DOWN

IncRNA, long non-coding RNA; FC, fold change; FDR, false discovery rate.
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Figure 2 Comparison of genes LINC02418, BLACAT1, and AL353801.1 in cancer tissues and normal tissues.

closely related to tumor development, such as collagen-
containing extracellular matrix, organogenesis, activity of
membrane protein receptors, and ion channel activity; the
regulated signaling pathways were also closely related to
tumors, such as neuroactive ligand-receptor interaction,
the PI3K-AKT signaling pathway, calcium signaling
pathway, and protein digestion and absorption, as shown in
Figures 5,6.

Discussion

With the development of chip technology and high-
throughput sequencing technology, more and more gene
expression data are being generated. Most gene expression
data are stored in public databases. Tumor RNA-seq data
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are mainly stored in TCGA database, which uses genome
analysis technology of large-scale genome sequencing,
with the purpose of mapping the complete genome of
human cancer, improving understanding of the molecular
basis of cancer pathogenesis, and improving the ability of
cancer diagnosis, treatment, and prevention (14-16). The
database of TCGA was established in 2006. The RNA-seq
data of colon cancer tissues stored by TCGA contain rich
gene expression content and have more comprehensive
clinical information. Through the mining and analysis of
TCGA data, the overview of IncRNA action during the
occurrence and development of colon cancer can be found,
its mechanism of action can be preliminarily understood,
and IncRNA with clinical significance can be identified or
screened concurrently.
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Gene HR Lower 95% Cl Upper 95% Cl P value
AL161431.1 1.233 1.046 1.453 * 0.012
LINC01234 1.284 1.050 1.569 * 0.015
LINC02257 2.328 1.400 3.871 L 2 0.001
LINC02268 10.839 1.979 59.374 L 2 0.006
LINC00891 340.361 10.048 11528.752 S 0.001
LINC02474 1.463 1.206 1.774 L 4 0.000
AL590483.1 0.581 0.368 0.918 * 0.020
LINC01602 1.426 1.008 2.018 L 4 0.045
AC004080.1 1.371 1.090 1.723 * 0.007
ACO011306.1 5.623 1.587 19.916 * 0.007
AC010789.1 1.605 1.223 2.108 * 0.001
ERVMER61-1  1.497 1.016 2.207 * 0.041
LINC02428 1.962 1.195 3.222 * 0.008
AC083967.1 2.558 1.531 4.273 * 0.000
LINCO1687 2.232 1.207 4.129 * 0.011
AC090502.1 4.767 1.509 15.057 * 0.008
LINC01289 159.559 1.417 17970.332 0.035
AC139720.2 1.619 1.056 2.481 * 0.027
AC245041.1 1.826 1.214 2.746 * 0.004
AC004009.1 1.436 1.059 1.947 * 0.020
AL592043.1 2.219 1.177 4.186 * 0.014
LINC01980 1.671 1.210 2.307 * 0.002
AC107419.1 6.727 1.565 28.912 * 0.010

o
3

Hazard ratios

Figure 3 Twenty-three IncRNA genes that have an impact on prognostic survival. HR, hazard ratio; CI, confidence interval.

As IncRNA is involved in various biological behaviors of
cells, its abnormal expression is associated with a variety of
diseases, which plays an important role in the occurrence
and development of tumors. More and more studies have
reported the role of LncRNA in tumor proliferation, cell
invasion and migration, chemotherapy resistance, and
stem cell ability in tumorigenesis and COAD progression
(17,18). It has been reported that the abnormal expression
of multiple IncRNAs is associated with the development of
COAD, such as CYTOR, DDX11-AS1, UCA1, and CRNDE
(19-22). However, there is still no comprehensive and in-
depth study on the expression characteristics of IncRNA
in COAD, and exploring the expression characteristics
of IncRNA in CRC tissues has important significance for
guiding experimental design.

In this study, we analyzed the RNA-seq data of
COAD clinical samples in TCGA, including a total of
494 samples. The results showed that compared with
normal control tissues, IncRNAs in COAD tissues
had a large number of abnormal gene expression, with
a total of 204 significant DEGs; 156 genes were up-
regulated, and 48 genes were down-regulated. In this
study, 10 genes with the most significant FDR were

© Journal of Gastrointestinal Oncology. All rights reserved.

selected, and their 1log2FCI was 3.61-9.00, which were
Linc02418, Blacatl, ELFN1-AS1, CRNDE, AC002384.1,
AL353801.1, LINCO1645, AC073283.2, AC087379.1,
and LINC00484. The abnormal expression of IncRNA
is closely related to the occurrence and development of
tumors. For example, in the study by Hongzhen et al. (23),
the clinical data related to CRNDE were downloaded
from both TCGA and the Gene Expression Omnibus
(GEO). It was found that expression of CRNDE was
abnormally increased in tumors, and the KM survival
analysis plot revealed that it was closely related to the
prognosis of cancer patients. In the study by Tian ez al. (24),
LINC02418 expression was found to be up-regulated in
human colon cancer samples compared with adjacent tissues,
and its high expression level was associated with poor
prognosis of CRC patients and could be used as an indicator
to predict prognosis. The results of another study (25)
suggested that BLACAT]I, as a cell cycle regulator, may be a
potential target for the prevention and treatment of human
colon cancer.

To investigate the effect of DEGs on the survival and
prognosis of patients with colon cancer, we combined

204 IncRNA DEGs with 469 groups of survival data
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Figure 4 Twenty-three IncRINA genes that have an impact on prognostic survival. The dotted line presented the upper and lower interval of

the 95% Confidential Interval along with the same color for the two compared groups. KM, Kaplan-Meier.

and obtained 5 DEGs that could affect the survival rate
of patients using Cox analysis: Linc02257, Linc00891,
Linc02474, Ac010789.1, and Ac083967.1. The survival
curves of the other 4 genes were statistically significant
except for the KM curve of Linc00891, that means the other
4 genes were significantly correlated with the prognosis of
patients.

We selected the gene Linc02257 and performed
functional GO enrichment analysis to predict its function.
The results showed that Linc02257 is involved in a variety of
biological behaviors, mainly related to tissue development,
cell receptor expression, and substance metabolism,
specifically including extracellular matrix of collagen,
organogenesis, activity of membrane protein receptors, and
ion channel activity, and these functional disorders are often
related to tumor formation. Therefore, abnormal expression
of Linc02257 is associated with tumor development. Further
analysis of KEGG pathways of genes can reveal that

© Journal of Gastrointestinal Oncology. All rights reserved.

Linc02257 is involved in tumor-related signaling pathway
regulation, such as neuroactive ligand-receptor interaction,
the PI3K-AKT signaling pathway, calcium signaling
pathway, and protein digestion and absorption. In the
study by Xiao et al. (26), it was also found that LINC02257
can function as an independent prognostic biomarker for
COAD through the PI3K-AKT signaling pathway, and
at the same time, LINC02257 may be a multifaceted and
important immunotherapy-related enhancer RNA (eRNA)
in different cancers.

Although we did not perform enrichment analysis for the
other 3 genes that had a significant effect on the survival
prognosis of patients, previous studies have shown that
the other 3 genes are also closely related to the occurrence
and development of colon cancer. The results of the study
by Du et al. (27) showed that LINC02474 was associated
with the prognosis of colon cancer patients: its down-
regulation impaired the metastatic ability of CRC cells
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Figure 6 KEGG Pathway functional enrichment results for gene Linc02257. KEGG, Kyoto Encyclopedia of Genes and Genomes; ECM,

extracellular matrix; TGE, transforming growth factor.

and promoted apoptosis, and up-regulation could promote
the migration and invasion of CRC cells, while inhibiting
apoptosis. The 4C010789.1 gene may promote CRC
progression by targeting the MicroRNA-432-3p/ZEBI axis
and the Wnt/B-catenin signaling pathway (28). The results
of Wang er al. (29) showed that 15 genes related to colon

© Journal of Gastrointestinal Oncology. All rights reserved.

cancer patient survival may play a key role in the regulation
of cancer-related pathways as competitive endogenous
RNAs (ceRNAs). At present, the regulatory mechanism of
IncRNA is still not very clear, and the pathways regulated by
different genes are also different; however, a large number
of studies (30-32) have shown that the main mechanism of
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action is that IncRNA adsorbs miRNA as a ceRNA and then
regulates the expression of target genes, that means the
“IncRNA-miRNA-mRNA (coding RNA)” mechanism.

The data in TCGA database can basically reflect the
changes of RNA gene expression. Analyzing the data can
understand the expression characteristics of LncRNA and
reveal its value in prognosis. However, TCGA data has
some defects, because its data are provided by separate
laboratories and the data are always changing, some recent
tumor data have not been updated yet. And due to the
influence of sequencing technology or sequencing quality,
TCGA RNA-seq data cannot fully represent the expression
of tumor genes. A large number of LncRNAs still are not
been annotated, and therefore the recently discovered
LncRNAs were not included in this analysis. In addition,
the function and mechanism of several key LncRNAs
screened in this study still need further experimental
verification.

Conclusions

The data analysis in this study found 23 IncRNA genes with
statistical significance for the prognosis of colon cancer
tumors, and the survival rate analysis and enrichment
analysis of 5 of them with statistical significance revealed
that these genes were closely related to tumor tissue
development, cell receptor expression, and substance
metabolism, and the pathways regulated by different genes
were different. There were still some shortcomings in
this study: (I) because there are 23 genes related to the
prognosis of colon cancer, we could not conduct KM
curves of all 23 genes, and could not enrich and analyze
23 genes; we could only select a few; (II) TCGA data have
some shortcomings: as their data are provided by various
countries or laboratories, the data of some tumors in the
recent past have not been updated, and due to sequencing
technology or sequencing quality, RNA-seq data of TCGA
do not fully represent the expression of tumor genes; (III)
a large number of IncRNAs currently remain unannotated,
and recently newly-discovered IncRNNAs do not appear in
this analysis. Therefore, the function and mechanism of
action of several key IncRNAs screened in this study still
need further experimental validation.
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