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Abstract. - OBJECTIVE: We aimed to
screen the long non-coding RNAs (IncRNAs)
related to N6-methyladenosine (m6A) gene and
build the prognostic prediction model of colon
adenocarcinoma (COAD).

MATERIALS AND METHODS: The RNA se-
quencing data of 435 COAD cases with clinical sur-
vival and prognosis information and the GSE39582
dataset were obtained from TCGA and GEO, re-
spectively. The IncRNAs related to the m6A gene
with significant independent prognosis were iden-
tified. We used Cox regression analyses to acquire
the IncRNAs associated with prognosis. Moreover,
we built a prognostic prediction model of COAD.
The Cox regression analyses were applied to ob-
tain the independent prognostic clinical factors.
Furthermore, we built the ceRNA regulation net-
work of COAD, and the gene ontology (GO) and
Kyoto Encyclopedia of Genes (KEGG) enrichment
analysis for the IncRNAs was applied.

RESULTS: Overall, 5 IncRNAs (MAGI1-IT1,
CSNK1G2-AS1, ALMS1-IT1, LINC01341, LOXL1-
AST) related to m6A gene with significant inde-
pendent prognosis were acquired. A prognostic
prediction model of COAD was built, and 4 cor-
relation-independent prognostic factors were
found. In addition, the ceRNA regulation net-
work of COAD was built, and mRNAs were sig-
nificantly enriched in the 15 GO biological pro-
cesses (such as regulation of transcription) and
in 14 KEGG pathways (such as taurine).

CONCLUSIONS: We identified 5 IncRNAs relat-
ed to the m6A gene with significant independent
prognosis. The ceRNA regulation network of COAD
was built, which has great significance for identify-
ing the biomarkers associated with m6A in COAD.

Key Words:
mo6A gene, Colon adenocarcinoma, Prognostic
prediction model, ceRNA regulation network.

Introduction

Colon adenocarcinoma (COAD), as a widespre-
ad disease of the gastrointestinal tract, ranks at the
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forefront of the incidence of malignant tumors'.
More than one million new cases of COAD are
reported each year, which accounts for 6.1% of all
cancers®. With the changes in people’s diet and the
intake of high-calorie, high-protein, and low-fiber
foods, the incidence of COAD is increasing year
by year, and the age of onset tends to be younger,
which becomes one of the main diseases threate-
ning people’s health’. Although the application of
radiotherapy or chemotherapy in COAD can si-
gnificantly reduce the recurrence rate, it is of little
value in prolonging the survival of patients. Thus,
the study of RNAs based on ceRNA network will
contribute to finding new prognostic biomarkers of
COAD. N6-methyladenosine (m6A) is a universal
post-transcriptional modification of RNA*. m6A
methylation is essential for all major biological
processes. The modification of m6A methylation
influences the process of cancers by regulating
the mRNA expression levels of associated genes®.
m6A modification has been proven to play a vital
role in the progression of colorectal cancer®. There-
fore, m6A may be a significant way to regulate the
occurrence and development of cancer.

A large number of research’ have proven the
mutual regulation between long non-coding RNA
(IncRNA) and microRNA (miRNA), and their regu-
lated mRNAs are tightly associated with the develop-
ment of cancers. Additionally, it can also be used as
a diagnostic and prognostic biomarker for diseases.

In this research, we first screened the mo6A-re-
lated IncRNAs that were significantly correlated
with prognostic in COAD samples and built a
COAD prognostic risk prediction model through
the expression pattern and prognostic influence of
mo6A-related IncRNAs. Moreover, the characteri-
stic RNA molecules with significant changes in
the transcriptome level of COAD disease samples
were screened by building a ceRNA regulatory
network. The results provide a theoretical basis
for the development of biomarkers for COAD.

Corresponding Author: Jian Dong Tai, MD; e-mail: jinwen2046@jlu.edu.cn



Identification of the IncRNAs related to m6A in COAD

Materials and Methods

Data Preprocessing

The RNA sequencing data of 435 cases with
COAD were used as the training dataset, the-
se cases contained personal clinical information,
which was obtained through The Cancer Genome
Atlas (TCGA) based on Illumina HiSeq 2000
RNA Sequencing®. Meanwhile, GSE39582 dataset
was retrieved from the Gene Expression Omnibus
(GEO) repository by searching the keywords “co-
lon adenocarcinoma and homo sapiens”. The fol-
lowing criteria were applied to perform the search:
1) solid tissues of COAD; 2) sample size was not
lower than 400; 3) detection platform can annotate
a large number of IncRNAs. Finally, we acqui-
red the GSE39582 gene expression profile data
through the platform GPL570 Affymetrix Human
Genome U133 Plus 2.0 Array (USA)’, which met
the above criteria and was downloaded from GEO.
There were 585 COAD cases, of which 562 had
survival-associated prognostic information, and
these 562 cases were used as the validation dataset.

Identification of IncRNAs Associated with
mo6A

The expression levels of the genes related to
mo6A from TCGA and GSE39582 dataset samples
were screened, and included: methylation genes
(WTAP, VIRMA, RBMI15, RBMI5B, KIAAI429,
ZC3HI13, METTL3, METTLI4, METTLIS); de-
methylation genes (FTO, ALKBHS5) and m6A
specific binding gene (RBMX, YTHDCI, YTH-
DC2, IGF2BPI, IGF2BP2, IGF2BP3, YTHDFI,
YTHDF2, YTHDF3, HNRNPA2BI, HNRNPC).
Then, the cor.test function in R3.6.1 (R Founda-
tion, Vienna, Austria) was applied to calculate
the Pearson’s correlation coefficient (PPC) of the
expression level for m6A-related genes, and the
identified IncRNAs. The IncRNAs which signifi-
cantly related to the m6A4 gene at the expression
level were screened with the [PCC| > 0.5 and the
p < 0.001 as the thresholds. Finally, we obtained
two sets of IncRNAs for the next analysis.

Screening of IncRNAs Associated
with Prognosis

The IncRNAs associated with prognosis we-
re acquired through Univariate Cox regression
analysis in R3.6.1 survival package'® (p < 0.05).
Next, the IncRNAs that were significantly con-
nected with the prognosis of the two datasets we-
re compared, and the overlapping IncRNAs were
maintained for further analysis.

Construction of Prognostic Risk
Prediction Model

Multivariate Cox regression analysis in
R3.6.1 survival package!! was applied to ac-
quire IncRNAs that were linked to prognosis
in the TCGA dataset (p < 0.05). On the basis
of the prognostic coefficient of each element
in the IncRNAs combination obtained by the
multivariate Cox regression algorithm, a risk
prediction model was built on the basis of In-
cRNA expression levels in TCGA dataset. The
risk score (RS) of each sample was calculated
according to the following formula:

RS = zcoeflncRNAs X EXplncRNAs

where } Coef, . indicates the prognostic co-
efficient of IncRNAs in multivariate Cox regres-
sion analysis, and Exp,_. . represents the expres-
sion levels of IncRNAs in the TCGA dataset.

With the median RS as the critical value, the
cases at the training dataset were separated into
high- and low-risk group; and the association
between the prognosis and risk model was mea-
sured by applying the Kaplan-Meier (KM) curve
in the R3.6.1 language survival package'?.

Screening of Independent Prognostic
Clinical Factors

The univariate and multivariate Cox regression
analyses were performed by applying the R3.6.1
language survival package'?. Then, the indepen-
dent prognostic clinical factors of COAD cases in
the TCGA dataset were acquired (p < 0.05).

According to RS value, the cases in the TCGA
dataset were separated into high- and low-risk
groups. Afterward, we used the R3.6.1 limma
packagel2 to study the differentially expressed
genes (DEGs) between the mRNA expression
matrices of the samples in these two groups
[False Discovery Rate (FDR) < 0.05, |logFold
Change (FC)| > 0.5]. Gene set enrichment analy-
sis (GSEA)"® was applied to obtain the signifi-
cant Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways (p < 0.05).

Construction and Evaluation of ceRNA
Regulation Network

First, we downloaded the miRNAs direct-
ly connected with COAD through the Hu-
man MicroRNA Disease Database (HMDD)!.
Then, to build the IncRNA-miRNA regulation
network, the DIANA-LncBasev2 database was
used to identify the regulatory interactions
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between the RS prognostic model-related In-
cRNAs and COAD-related miRNAs. Target
genes regulated by COAD-related miRNAs
were revealed via the starBase database'”. We
collected at least one database (targetScan, pi-
cTar, RNA22, PITA, and miRanda databases)
to predict regulatory interactions, and DEGs
were mapped to mRNAs for miRNA-mR-
NA regulation network construction. Com-
bining IncRNA-miRNA and miRNA-mRNA
regulatory interactions, a ceRNA regulation
network was built. The GO and KEGG pa-
thways on the regulated mRNAs of the ceR-
NA regulatory network were analyzed throu-
gh the DAVID 6.8 (https://david.nciferf.gov/

home.jsp)'® (p < 0.05). The flow chart of this
research is displayed in Figure 1.

Statistical Analysis

We used R language (version 3.6.1, R Founda-
tion, Vienna, Austria) for statistical analysis. Uni-
variate Cox regression analysis was conducted
to acquire the prognostic-related IncRNAs, KM
curve was performed to show the survival time
of patients in high- or low-risk groups, and the
log-rank test was carried out to compare the dif-
ference in survival time between the two groups.
We used ROC analysis to assess the predictive
capacity of the prognostic model. p < 0.05 was set
as the statistical significance level.

m6A related genes
from published articles

TCGA NCBI
dataset dataset

l l

2,528 m6A genes 1,708
IncRNAs IncRNAs

T N

Pearson correlation analysis Pearson correlation analysis
(|Cor| > 0.5, p < 0.001) (|Cor|> 0.5, p <0.001)

l l

TCGA GSE39582

Construction and validatio
of RS model

l

Stratification analysis and
functional enrichment analysis

l

<_
Construction ofceRNA network

=}

Univariate Cox regression UnivariateCox regression
(p < 0.05) (p <0.05)
\) /

Figure 1. The flowchart of ceRNA
regulatory network. TCGA, The
Cancer Genome Atlas; NCBI,
National Center for Biotechnology
Information; RS, risk score.
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Results

Identification of IncRNAs Associated
with m6A

After the annotation of IncRNAs in the TCGA
dataset and GSE39582 expression profile, 2,528 and
1,708 IncRNAs were obtained, respectively. The
expression values of all genes related to m6A from
the two datasets were extracted. The IncRNAs that
were significantly related to the m64 gene at the
expression level were screened. A total of 1,279
connection pairs were acquired, involving 534 and
423 IncRNAs, respectively (JPCC| > 0.5, p < 0.001).

Screening of IncRNAs Associated with
Prognosis

Based on the two sets of IncRNAs related to
moA, 68 and 65 IncRNAs associated with the pro-
gnosis were acquired through a Univariate Cox
regression analysis on the TCGA and GSE39582
datasets, respectively. After comparing two sets
of IncRNAs associated with the prognosis, there
were a total of 24 overlapping IncRNAs.

Construction of Prognostic Risk
Prediction Model

Based on the acquired 24 overlapping IncR-
NAs, 5 independent IncRNAs (MAGII-IT1, CSN-
K1G2-AS1, ALMSI-ITI, LINC01341, LOXLI-ASI)
that were connected with prognostic were identi-
fied by regression analysis in the TCGA dataset
(Table I). According to the prognostic regression
coefficient of these IncRNAs, a risk prediction
model was built. First, we calculated the RS va-
lue of each sample at the TCGA and GSE39582
datasets based on the RS formula. The RS distri-
bution of the two data sets is shown in Figure 2.
We used the KM curves of TCGA and GSE39582
datasets to assess the relationship between these
two groups and actual prognostic information for
COAD (Figure 2). It indicated that the low-ri-
sk samples at the TCGA dataset had a better
survival prognosis [p = 2.516e-04, HR: 2.129

Table I. List of the IncRNAs related to prognosis.

(1.402-3.233)], and the GSE39582 dataset also had
the same trend [p = 1.765e-02, HR: 1.413 (1.061-
1.883)]. The results suggested that there was an
evident relationship between the actual prognosis
and the different risk groups acquired according
to the RS prediction model. The ROC curve of 1,
3 and 5-year survival prediction based on RS are
shown in the right panel of Figure 2.

Screening of Independent Prognostic
Clinical Factors

Four independent prognostic factors (age, patho-
logic stage, recurrence and RS model status) were
found to have a significant correlation according to
Cox regression analyses (Table II). We found that
the RS risk prediction model was independently
prognostic related to other clinical factors.

After that, a total of 798 DEGs were identified
using the limma package. We analyzed the KEGG
pathway of the screened mRNA through GSEA,
and finally, we obtained 8 KEGG pathways, such
as drug metabolism and other enzymes (Figure 3).

Construction and Evaluation of ceRNA
Regulation Network

First, a total of 24 COAD-related miRNAs
were obtained from the HMDD database. Then, a
total of 25 connection pairs were acquired to bu-
ild the IncRNA-miRNA regulation network based
on the 5 IncRNAs and COAD-related miRNAs.
After that, to build the miRNA-mRNA regulation
network, we used the starBase database to search
for target genes for miRNAs that have a con-
nection relationship with IncRNAs. Then, we com-
pared the target genes with the significant DEGs in
different risk groups and kept the intersections, in
total, 195 connection pairs were acquired.

Combining the above two steps, the IncR-
NA-miRNA-mRNA ceRNA regulation network
was established (Figure 4). Finally, we identified
the regulated mRNAs of the ceRNA network
through GO and KEGG pathway analysis. In
total, 15 significantly related GO and 14 KEGG

Symbol Coef p-value Hazard Ratio 95% ClI
MAGII-IT1 -5.631192 2.540E-03 0.004 0.0000926-0.139
CSNK1G2-AS1 3.284068 7.400E-03 26.684 2.410-295.144
ALMSI-ITI 0.902828 1.588E-02 2.467 1.180-5.138
LINCO01341 1.589652 3.090E-02 4.902 1.160-20.763
LOXLI1-AS1 0.50267 3.649E-02 1.653 1.030-2.648

LncRNA: long non-coding RNA; CI: confidence interval.
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Figure 2. Left: TCGA (A) and GSE39582 (B) samples are based on the KM curve of the RS prediction model and prognosis.
Left: The blue and red curves indicate the low- and high-risk samples, respectively. Middle: Distribution of RS and survival
time. Right: ROC curve of survival prediction based on RS, the blue, orange and red curves represent the ROC curve of 1-year,
3-year and 5-year, respectively. KM, Kaplan-Meier; ROC, receiver operating characteristic.

Table Il. The screening information of the clinical factors.

Uni-variable cox Multi-variable cox
Clinical characteristics TCGA (N=435) HR (95% Cl) p-value HR (95% Cl) p-value
Age (years, mean+sd) 66.95+12.91 1.021 [1.005-1.039] 1.0ISE-02  1.039[1.018-1.060]  2.930E-04
Gender (Male/Female) 323/203 1.064 [0.717-1.578]  7.574E-01 - -
Pathologic stage (I/IT/TT/1V /)  74/168/124/59/10 ~ 2.052[1.629-2.586]  3.692E-10  1.812[1.297-2.531] 4.970E-04
Colon polyps’ history (Yes/No/~)  130/240/65 0.775 [0.462-1.300] 3.322E-01 - -
Lymphatic invasion (Yes/No/-) 154/240/41 2.322[1.517-3.553] 6.663E-05  1.225[0.696-2.155]  4.816E-01
Recurrence (Yes/No/-) 78/291/66 2.562 [1.633-4.02] 2.202E-05  2.128[1.262-3.588]  4.603E-03
RS model status (High/Low) 217218 2.129[1.402-3.233] 2.516E-04  1.723[1.028-2.887]  3.896E-02
Vital status (Dead/Alive) 100/335 - - - -
Overall survival time 29.20+£25.49 - - - -
(months,meansd )

N: number; sd: Standard Deviation; HR: hazard ratio; CI: confidence interval; RS: risk score; TCGA: The Cancer Genome Atlas.

pathways were acquired (Figure 5), and the GO regulatory network mainly participated in anterior/
analysis suggested that the DEGs in the ceRNA posterior pattern specification (6 genes, such as
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indicate mRNA. The red and gray connecting lines indicate the IncRNA-miRNA and the miRNA-mRNA network, respectively.

OTXI1, HOXCY9), transcription from RNA polyme-
rase Il promoter (12 genes, such as TFAP2A4, ONE-
CUT?2) and regulation of transcription, DNA-tem-
plated (21 genes, such as PRDMS, DLXI). The
KEGG pathway analysis suggested that the si-
gnificant genes of the ceRNA regulatory network
linked to taurine and hypotaurine metabolism
(GADI, CSAD), neurotrophin signaling pathway,
and alanine (RPS6KA6, PIK3R2, TP73).

Discussion

COAD ranks third and fourth in global cancer
incidence and mortality rankings, respectively,
and more than 1,000,000 new cases of COAD
each year, approximately 700,000 COAD-related
deaths'”. Although we have reached some achie-
vements in the therapy of COAD, the patients’
long-term survival rate is still very low, and the
prognosis of patients with advanced COAD is
severe's. Thus, it is important to determine the
specific biomarkers of COAD for early diagnosis
and evaluation of patient prognosis.
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mo64 is the most universal internal transcription
modification for IncRNA, miRNA and mRNA,
and participates in massive biological processes'”.
Up to now, massive evidence**2> has shown that
mo6A levels in RNAs may affect the process of
some cancers; therefore, m64 modification has
attracted a lot of attention. LncRNAs have been
shown®2* to be involved in many major biolo-
gical functions and can be used as prognostic
biomarkers in the field of cancer, such as cervical
cancer and lung cancer. However, there are few
reports on the IncRNAs related to m6A of COAD.

Therefore, in this research, the bioinformatics
analysis was performed to screen IncRNAs related to
mo6A in COAD patients. Moreover, to further distin-
guish the IncRNA-based model that was linked to
prognosis, we identified 5 independent m6A-related
IncRNAs (MAGII-IT1, CSNK1G2-AS1, ALMSI-ITI,
LINCO01341, LOXLI-ASI) that were associated with
prognostic factors by Cox regression analysis at
the TCGA dataset. LOXLI-ASI has been proven
to be involved in many cancers, like lung cancer,
and breast cancer’*?’. LOXLI-ASI can participate in
the regulation of tumor occurrence, development,
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Figure 5. Enrichment analysis of GO biological process (A) and KEGG pathway (B) associated with significant genes of the
ceRNA regulatory network. The horizontal axis indicates genes’ count, the vertical axis indicates the GO and KEGG entry
name; and the color indicates significance, the closer the color is to red, the greater the significance. Abbreviations: GO, Gene

Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes.

and metastasis, as a new tumor biomarker. Many
reports proved®?* that ALMSI-ITI could regulate
the biological process of cancer and was associated
with the metastasis and invasion of cancer, inclu-
ding squamous cell carcinoma, and lung cancer.
However, there is little research about the biological
process of MAGII-ITI, CSNK1G2-AS1, ALMSI-ITI,
LINCO01341 and LOXLI-ASI in the COAD.

Thus, based on these 5 IncRNAs (MAGII-ITI,
CSNK1G2-AS1, ALMSI-ITI, LINC01341, LOXLI-
AS1I), a prediction model was built that was rela-
ted to the prognosis of COAD patients. The KM
curves and the ROC curve were used to assess the
effectiveness of this model, and we found that the
prognostic risk prediction model for COAD had
satisfactory predictive ability.

LncRNAs have been shown? to be involved in
many major biological functions, like targeting

miRNA. In this research, we built the IncR-
NA-miRNA-mRNA-ceRNA regulation network.
Then, GO and KEGG pathways analysis were
performed. Similar to the results of the GO analy-
sis, previous studies**3? have reported that OTX7*°,
HOXC9' and TFAP2A4* can be used as the predi-
ctive model marker for COAD. RPS6K A6 has been
confirmed* to relate to the development process of
COAD. PIK3R2 has been reported* to participate
in the metastasis and progression of COAD.

Conclusions
In summary, we identified 5 independent
mo6A-related IncRNAs (MAGII-ITI, CSN-

KI1G2-AS1, ALMSI-ITI, LINC01341, LOXLI-ASI)
that were associated with prognostic factors, and
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an RS model of COAD was built. Four indepen-
dent prognostic factors (age, pathologic stage,
recurrence and RS model status) were identified
to have a significant correlation. Moreover, IncR-
NA-miRNA-mRNA regulatory network has been
built to better understand the underlying molecu-
lar mechanism of COAD.
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