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Abstract

Background Long noncoding RNAs (IncRNAs) have been shown to play pivotal role in pathogenesis and prognosis of
cancers. Identification of novel clinical biomarkers in advanced stage colorectal cancer (CRC) is warranted.

Aims To identify potential IncRNAs associated with progression of stage III/IV CRC and illuminate regulatory mechanisms.
Methods Differentially expressed IncRNAs, mRNAs and miRNAs (DEIncRNAs, DEmRNAs, and DEmiRNAs) were
extracted between stage III/IV CRC and normal tissues. We used DEGs to construct a ceRNA network and analyzed cor-
relations between key IncRNAs and overall survivals (OS) of stage III/IV CRC patients. Weighted gene co-expression
network analysis (WGCNA) was applied to a pivotal IncRNA. We conducted functional enrichment analysis on target genes
and constructed IncRNA-TF-mRNA network by overlapping mRNAs co-expressed with the key IncRNA and target genes
of transcriptional factors (TFs).

Results A total of 26 DEIncRNAs, 398 DEmiRNAs, 2155 DEmRNAs were identified. A ceRNA network was constructed
with 16 IncRNAs, 20 miRNAs, and 59 mRNAs, in which MFI2-AS1 exhibited promising diagnostic efficiency. (AUC was
0.938.) MFI2-AS1 was negatively correlated to OS of stage III/IV CRC patients (P value <0.05). KEGG analysis showed
potential mRNA targets of MFI2-AS1 mainly involved in cell cycle and cytokine—cytokine receptor interaction. We identi-
fied 17 potential TFs of MFI2-AS1 and built a IncRNA-TF-mRNA network.

Conclusion Our study provides novel insights into IncRNAs associated regulatory networks and reveals a promising IncRNA
biomarker, MFI2-AS1, as an independent prognostic indicator and potential therapeutic target for CRC.
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Introduction (stage IIT and IV) CRCs are often treated with neoadjuvant

chemotherapy plus radiation and chemotherapy [2]. Avail-

Colorectal cancer (CRC) is the third most common malig-
nancies with the fourth highest mortality rate in the world
for several decades [1]. For the majority of early stage (stage
I and II) CRC patients, partial or total colectomy alone is
considered as the primary treatment option; while late-stage
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able therapeutical approaches and effective prognostic bio-
markers are very limited for metastatic CRC, frequently
contributing to inappropriate clinical decision making. In
spite of substantial advancements in medical science, surgi-
cal techniques, and chemotherapy of CRC treatment, tumor
recurrence, metastasis and chemotherapy resistance are still
obstacles to clinical management and improved survivals
in advanced stage CRC patients, suggesting existing thera-
peutics are insufficient for patients with locally advanced or
distantly metastatic CRC. Long noncoding RNAs, defined
as a type of noncoding RNA molecules of more than 200
nucleotides, can regulate gene expression in different levels
(transcriptional, post-transcriptional, translational, post-
translational, and epigenetic) [3]. CRC has recently been
reported to be one of the cancers showing the most associ-
ated deregulation of IncRNAs’ functions that are modulating
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a bunch of pathophysiological processes, including chro-
matin remodeling, histone modifications, cell cycle, splic-
ing and apoptosis [3]. For instance, downregulation of LET
and UC.388 and the upregulation of HOTAIR, MALATI,
and CCATA2 were found to promote metastasis of CRC [4].
High expression levels of HOTAIR, HULC, and LINC00152
have predicted a poor prognosis of CRC [5, 6]. To be sure,
despite over 2 decades of vast investigation in small ncR-
NAs, in particular miRNAs whose biological implications
have been unraveled, still very little is elucidated for exact
molecular biological mechanisms of IncRNAs.

Based on the competing endogenous RNA (ceRNA)
hypothesis whereby IncRNAs can bind and seclude miRNAs
via miRNA-binding sites [7], acting as ceRNAs that interact
with mRNAs and functioning as miRNA sponges, to restrict
miRNAs from repressing expression level of target genes [8,
9], the dysregulated IncRNA-mediated ceRNAs have been
identified to have tumorigenic or cancer-promoting effect
on various cancers. For example, LINC00460 regulates the
expression of stanniocalcin 2 that is correlated with a poor
prognosis in head and neck squamous cell carcinoma via
sponging miR-206 [10]. In this context, it is imperative that
more comprehensive function analysis of IncRNAs be per-
formed to better clarify the molecular mechanism of CRC.
Therefore, with the use of bioinformatics, we firstly con-
tributed to investigate the differentially expressed profiles
of IncRNAs, mRNAs, and miRNAs of stage III/TV CRC
samples in datasets from TCGA and GEO, respectively, and
then constructed a ceRNA network to predict their poten-
tial interactions. Next, we validated the significant differen-
tially expressions of candidate IncRNAs from this network
in another GEO dataset. Moreover, to illuminate the IncRNA
involved in the ceRNA network and also significantly cor-
related to OS, we sought to perform Gene Ontology and
pathway analysis on predicted target genes via WGCNA,
and built a IncRNA-TF-mRNA network. Finally, our work
revealed a novel IncRNA associated with overall survivals,
which could be considered as an independent prognostic bio-
marker for advanced stage CRC. We suggest that our find-
ings might help clinicians to better understand the function
of IncRNAs, explore new physiological and pathological
mechanisms of CRC, and provide innovative as well as indi-
vidualized therapeutics for CRC patients in advanced stages.

Materials and Methods

CRC Datasets

A total of 453 patients from The Cancer Genome Atlas
(TCGA) dataset were included in this study, on which

information included the TCGA-COAD miRNA expres-
sion profiles (454 tumor tissues, 8 adjacent normal
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samples), RNA expression profiles (477 tumor tissues, 41
adjacent normal samples) and corresponding clinical data.
For another, two microarray expression datasets (accession
numbers GSE89076 and GSE41657) based on GPL16699
and GPL6480 platforms were downloaded from the Gene
Expression Omnibus (GEO) for more reliable analysis;
consequently, 75 (36 tumor, 39 adjacent normal) and 37
(25 tumor, 12 adjacent normal) CRC tissue samples were
extracted as training and testing set, respectively.

Preprocessing and Analysis of Expression Profiles

According to the eighth revision of AJCC TNM classifi-
cation, the advanced stage (stage III/IV) tumor samples
from 3 CRC datasets were extracted based on each of
their pathologic stage information. Ultimately, the number
of stage III/IV tumor tissues for datasets above were 19
(GSE89076), 12 (GSE41657), 199 and 194 (TCGA-COAD
RNA-seq and miRNA-seq data), respectively.

Then, microarray expression profiles analysis
(GSE89076 data were preprocessed through log2-stand-
ardization and quantile normalization) was performed with
R package limma, and edgeR package was used to analyze
RNA and microRNA sequencing data. The significantly
differentially expressed genes (DEGs) between stage 111/
IV tumor and adjacent normal tissue samples as well as
between all tumor and adjacent normal samples of data-
sets above with |log2 fold changel > 1.0 and P value or
false discovery rate (FDR) < 0.05 were retained for fur-
ther analysis. The differentially expressed IncRNAs (DEI-
ncRNAs) and mRNAs (DEmRNAs) were subsequently
screened from the DEGs based on the GENCODE (V22)
annotation. We named intersections of DEIncRNAs and
DEmRNAs from four comparative groups of two datasets
(GSE89076 and TCGA-COAD), and of DEmiRNAs from
two comparative groups (TCGA-COAD only) as intersect-
ing DEIncRNAs, DEmRNAs, and DEmiRNAs, respec-
tively, which were also selected for subsequent analysis.
The workflow of this selection process is shown in Fig. 1.

GO and Pathway Enrichment Analysis

To construct meaningful annotation of DEGs and bet-
ter analyze the biological functions of DEGs as well as
pathways of the aberrantly expression, the Gene Ontology
(GO), including biological process (BP), cellular compo-
nent (CC) and molecular function (MF) as well as Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway
analyses were carried out by R package of clusterprofiler
with a cut-off of P value <0.05.
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Fig. 1 Flowchart of data generation and analysis

Establishing the ceRNA Network in CRC
and Validating Key IncRNAs with GEO Expression
Profile

That IncRNAs can affect mRNAs through miRNAs is
a well-known theory according to previous studies, on
which the IncRNA-associated ceRNA network could be
constructed. We used intersecting DEIncRNAs, DEmiR-
NAs, and DEmRNAs mentioned above for establishing
this kind of network in late-stage CRC. The specific steps
are as follows: Firstly, highly reliable online miRNA ref-
erence database of miRcode (http://www.mircode.org/)
was applied to search for IncRNA-miRNA interactions
based on intersecting DEmiRNAs. Then, miRNA-targeted
mRNAs were retrieved from Targetscan v7.1 (http://www.

targetscan.org/vert_71/), miRDB (http://www.mirdb.org/
miRDB/) and DIANA-Tarbase v7.0 (http://diana.imis.
athena-innovation.gr/DianaTools/index.php?r=site/index).
We retained the intersections of overlapping predictive
results and the aforementioned DEIncRNAs and DEmR-
NAs, respectively. Additionally, Pearson correlation anal-
ysis between intersecting DEmiRNAs and correspond-
ing mRNAs enabled us to remain potential target genes.
Cytoscape v3.7.1 was used to visualize the IncRNA-
miRNA-mRNA ceRNA network. LncRNAs shown in the
network were considered as potential candidate IncRNAs
in this study. The candidate IncRNAs were further vali-
dated in testing set, GSE41657. Receiver operating char-
acteristic (ROC) curve analysis was performed to identify
more reliable IncRNAs.

@ Springer


http://www.mircode.org/
http://www.targetscan.org/vert_71/
http://www.targetscan.org/vert_71/
http://www.mirdb.org/miRDB/
http://www.mirdb.org/miRDB/
http://diana.imis.athena-innovation.gr/DianaTools/index.php%3fr%3dsite/index
http://diana.imis.athena-innovation.gr/DianaTools/index.php%3fr%3dsite/index

Digestive Diseases and Sciences

Survival Analysis of Candidate IncRNAs

Key IncRNAs validated by GSE41657 were extracted
to investigate their potential of prognostic prediction for
advanced stage CRC patients in combination with demo-
graphic and clinical characteristics including sex, history of
colon polyps, lymphatic invasion, venous invasion, preoper-
ative CEA level, lymphatic metastasis and distant metastasis.
Kaplan—Meier method and Cox’s proportional hazards (PH)
regression model were performed to evaluate overall surviv-
als by conducting the survival and survminer packages. And
the final IncRNA correlated with overall survivals was thus
regarded as the pivotal one.

Constructing WGCNA and Predicting Target mRNAs
of the Pivotal IncRNA

To describe gene expression profiles from TCGA-COAD
and their correlations, the WGCNA R package was applied
to assess the potential genes associated with the pivotal
IncRNA and their module membership by setting soft-
thresholding power of 7 (scale-free R>=0.86) and a mod-
ule size cut-off of 30. A topological overlap measurement
(TOM) was generated by the WGCNA algorithm, which also
provided a generalized evaluation of the edges between two
gene nodes. To present the interactions between the key
IncRNA and mRNAs as well as their weighted relevance,
a co-expressed network was built based on co-expression
module of stage III/IV CRC samples and visualized with the
use of Cytoscape 3.7.1. The prediction and biological func-
tion enrichment analysis for potential target mRNAs of the
pivotal IncRNA was also implemented via the co-expression
network.

Identification of Trans-regulation of the IncRNA

To further investigate the trans-regulatory function of
IncRNAs by the transcriptional factors (TFs) in CRC
tumor tissues, predicted TFs that potentially involved in
trans-regulation of the pivotal IncRNA were downloaded
from three major databases, including GeneCards, JAS-
PAR, and Promo. All potential TFs were identified from
Ensembl (http://asia.ensembl.org/index.html). And the
IncRNA-TF—mRNA network was built by overlapping tar-
get mRNAs of the IncRNA above with the target genes of
predicted TFs. The significant correlations of expressions
between IncRNA and TFs in stage III/IV CRC were deter-
mined in TCGA dataset.

Statistical Analysis

R version 3.5.0 was utilized for all statistical analyses
with statistical significance being set at P value <0.05. A
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multiple-comparison correction was performed for Pearson
correlation analyses using Bonferroni correction. The ROC
curve analysis was conducted via R package ROCR. To
identify IncRNAs differentially expressed between stage I11/
IV CRC and normal tissue samples in validation set, we used
the Wilcoxon rank test followed by multiple testing using the
Benjamini—Hochberg. *, P value <0.05, P value < 0.01, ***,
P value <0.001, **** P value <0.0001.

Results
DEmRNA, DEIncRNA, and DEmiRNA in CRC Patients

A total of 4799 mRNAs and 470 IncRNAs were identified as
being aberrantly expressed between all tumor and adjacent
normal tissues from TCGA-COAD. To investigate targeted
biomarkers for CRC patients in advanced stages, further
analysis was conducted between stage III/IV tumor tissues
and adjacent normal samples, which identified 4774 DEm-
RNAs and 457 DEIncRNAs, among which 2704 mRNAs
and 386 IncRNAs were upregulated, while 2070 mRNAs
and 71 IncRNAs were downregulated (Fig. 2a). To enhance
the credibility of observations, a similar analysis for GEO
dataset (GSE89076) was carried out, identifying 3265 DEm-
RNAs, 57 DEIncRNA s (integrated tumor tissues vs. normal
samples), 3323 DEmRNAs and 57 DEIncRNAs (stage III/IV
CRC vs. normal tissues), respectively. Eventually, more reli-
able 2155 DEmRNAs and 26 DEIncRNAs in intersections
of the four comparative groups derived from 2 datasets were
retained for further analysis (Fig. 2b, c¢). To construct an
IncRNA-miRNA-mRNA ceRNA network, a total of 427 and
466 DEmiRNAs were found to be differentially expressed
between total tumor tissues, stage III/IV tumor tissues and
adjacent normal tissues. Similarly, we obtained 398 inter-
secting DEmiRNAs (Fig. 2d).

Go and KEGG Enrichment Analysis of DEmRNAs

To investigate the function of DEGs, intersecting DEmR-
NAs were selected for functional enrichment analysis, which
might also reflect functional implications of relevant IncR-
NAs. The results of GO BP terms (Top 15, P value <0.05),
MF terms (Top 10, P value <0.05), CC terms (Top 15, P
value < 0.05) and KEGG enrichment analysis (Top 20, P
value < 0.05) were presented in Fig. 3. The GO analytical
results showed that compared with adjacent normal tissues,
DEmRNAs in stage III/IV CRC with respect to biological
processes were organelle fission, chromatid segregation and
DNA replication (Fig. 3a). KEGG pathway enrichment anal-
ysis demonstrated that intersecting DEmRNAs were mainly
enriched in several pathways, including cytokine—cytokine
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Fig.2 a The volcano plot demonstrates the IncRNA expression pro-
files in stage III/IV TCGA-COAD data. Venn diagram analysis of dif-
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receptor interaction, cell cycle and ECM-receptor interac-
tion (Fig. 3b).

Construction and Analysis of ceRNA Network

To determine whether 398 intersecting DEmiRNAs tar-
get 26 DEIncRNAs shown in the venn diagrams above,
according to miRcode, 36 miRNAs were screened to
predict 17 unique IncRNAs. Targetscan, miRdb, and

GSEB9076(Stagelll/V) . TceA
>

GSEB9076

TCGA(Stagelll/IV) TCGA

all CRCs, stage III/IV tumors and non-tumor samples of TCGA and
GSE89076 datasets, respectively

DIANA-Tarbase measured 455 miRNA-targeted mRNAs
that were overlapped with intersecting DEmRNAs. We
subsequently analyzed the correlation between 455 pre-
dicted mRNAs and 36 screened miRNAs with adj. P <0.05
and r> 0.4, and then, 59 more targeted mRNAs interacted
with 20 miRNAs were harvested. Ultimately, a total of 16
IncRNAs, 20miRNAs, and 59 mRNAs (specific informa-
tion is shown in Table 1) were involved in constructing
ceRNA network (Fig. 4) using Cytoscape 3.7.1.
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Table 1 Specific interactions between IncRNAs, miRNAs and mRNAs

miRNA

IncRNA

mRNA

hsa-mir-101
hsa-mir-103a
hsa-mir-125a
hsa-mir-129
hsa-mir-132
hsa-mir-142
hsa-mir-143

hsa-mir-144
hsa-mir-145

hsa-mir-155
hsa-mir-17
hsa-mir-194
hsa-mir-218
hsa-mir-22
hsa-mir-24

hsa-mir-338

hsa-mir-33a

hsa-mir-7

hsa-mir-9

hsa-mir-96

SNHG1, LINC00483

UCA1, LINC00114, MFI2-AS1, SNHG7, MLK7-AS1
MFI2-AS1, CYP1B1-AS1, GNAS-AS1

UCA1, SNHGI, LINC00483

GASS, MLK7-AS1

MLK7-AS1

UCAL1, SFTA1P, SNHG1, LINC00114, MRPL23-AS1, SNHG7,

MLK7-AS1, PVT1
SNHG1, LINC00483, GAS5, MLK7-AS1

SNHG1, MRPL23-AS1, MFI2-AS1, CYP1B1-AS1, MLK7-
AS1,PVTI1

LINC00240, GASS

LINCO00483, PVT1

SNHGI, PVT1

LINC00483, CYP1B1-AS1, GNAS-AS1, MLK7-AS1
LINCO00114, MRPL23-AS1, SNHG7

LINC00240, LINC00471, MRPL23-AS1, CYPIB1-AS1,
SNHG7, GASS, GNAS-AS1, MLK7-AS1, PVT1

ABHDI11-AS1, CYP1B1-AS1, SNHG7, GNAS-AS1
LINCO00114, MRPL23-AS1, CYP1B1-AS1, GASS, PVT1
ABHDI11-AS1, SNHG1, LINC00483, PVT1

SFTA1P, SNHG1, LINC00483, LINC00471, LINC00114,
MFI2-AS1, SNHG7, PVT1

UCA1, LINC00483, LINC00114, GASS

EZH2, ARNTL2, ADAMTSL3, GRIN2A, NOVA1, GFRA1
IARS, EBF1

FANCI, JAM2, PRKCB

JPH4, PDRG1, SCN3B

KCNK2, NOVA1, FOXN3, EDIL3

C200rf194

KIAA2022

ANO1
AHCYL2

SLITRK3

DCLKI1, EBF1, DPT, ANGPTL1
HECW?2, TNFAIP6

ITM2C

CPEB1, OGN, MEIS2

SCML1

CHL1, RAB30, AKAP12, C10orf54
SLC4A4

EDIL3, MIER3, SEMA6D, PHF19, RPGRIP1L, KIAA1549,
EIF5A2, CDC14A, SLC41A2, MIER1, GPD1L, SEMAGA,
MSX2

STC1, SOS2, SLC26A3, CGN, OSBPL3, MORC4, PDCD4

CLIP4, PINK1, PTN
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Validation of Candidate IncRNAs in GSE41657

The expression profiles of candidate IncRNAs shown in
the ceRNA network were further validated with GEO:
GSE41657 (12 stage III/IV CRC and 12 adjacent normal
samples). A total of 11 IncRNAs were detected among
16 IncRNAs, and the differential expressions of 7 IncR-
NAs were statistically significant between the stage I1I/IV
tumor and normal tissues, with SFTA1P downregulated,
PVTI1, SNHG7, MFI2-AS1, LINC00114, SNHG1, and
UCA1 consistently upregulated (Fig. 5a). Superior sensi-
tivity and specificity on advanced stage CRC diagnosis as
estimated by ROC curve analysis was provided by each of
significantly DEIncRNAs (Fig. 5b), indicating their reli-
abilities of differentiating stage III/IV CRC patients from
the normal.

The Pivotal IncRNA Presented Clinical Prognostic
Significance for Stage I11/IV CRC Patients

We then investigated the performance of 7 aforementioned
IncRNAs in prediction of prognosis for advanced stage CRC
of TCGA dataset. Kaplan—Meier curve analysis was per-
formed to study the overall survivals of stage III/IV CRC
patients using expressions of 7 IncRNAs, of which results
demonstrated that LINC00114 was positively correlated
with OS (Fig. 6a), whereas MFI2-AS1 negatively related
to OS (log rank P value <0.05) (Fig. 6b). Next, multivari-
ate Cox’s PH regression model analysis was conducted to
explore the association between two IncRNAs and OS in
combination with clinical characteristics. MFI2-AS1 was
found as an independent prognostic indicator of stage II1/
IV CRCs. High MFI2-AS1 level was significantly associated
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Fig.6 KaplanMeier curves of two key IncRNAs related to OS in TCGA-COAD

with poor overall survivals of stage III/IV tumors after
adjusting for clinical factors, indicating its significance in
CRC pathogenesis and prognostic value in advanced stage
tumors (Table 1).

WGCNA and Functional Annotation of Target mRNAs

According to previous research, the function of IncRNAs
might be reflected on the adjacent coding genes by regu-
lating their expression. In order to further investigate the
regulatory mechanisms of this pivotal IncRNA related to OS
via their target mRNAsS, the co-expression network was con-
structed using WGCNA, yielding the identification of genes
with similar expression patterns clustered into the same
module. Clusters and traits of stage III/IV tissue samples
from TCGA-COAD patients together with normal samples
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are shown in Fig. 7a. Twelve modules were ultimately
determined in this co-expression network, with MFI2-AS1
included in the turquoise module (Fig. 7b). A total of 2276
genes were categorized in the turquoise module, of which
977 protein-coding genes were differentially expressed in
stage III/IV CRCs and potentially regulated by MFI2-AS1.
Among target genes of MFI2-AS1, 45 potentially associ-
ated mRNAs with weight above a threshold of 0.045 are
presented in Fig. 7c.

Since the specific IncRNAs may function or enrich in
potential pathways in a manner similar to mRNAs, infer-
ence on the function of MFI2-AS1 was done based on its
correlated genes (in the turquoise module). Results from
GO biological process displayed that MFI2-AS1 was
mainly related to nuclear division and DNA replication.
In addition, target genes of MFI2-AS1 were involved in
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less than 60 years old, respectively; for venous invasion, lymphatic,
and distant metastasis, salmon and turquoise indicate present and

absent, respectively. b Construction of the gene correlation network.
Each module is assigned a unique color. ¢ Forty-five target mRNAs
of MFI2-AS1 with weight above a threshold of 0.045. d Top 15 bio-
logical process GO terms. e Top 15 KEGG pathways about target
mRNAs of MFI2-AS1
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Table 2 Univariate and multivariate analyses of overall survivals in stage III/IV TCGA-COAD

Characteristics Hazard ratio 95% CI P value Hazard ratio 95% C1 P value
Sex Male versus female 0.94 0.57-1.54 0.802
Age > 60 versus <60 1.52 0.88-2.61 0.133
Adjuvant chemotherapy Yes versus no 0.9 0.35-2.33 0.822
Unknown versus no 0.77 0.35-1.72 0.523
History of colon polyps Present versus absent 0.89 0.47-1.68 0.712
Unknown versus absent 1.61 0.85-3.05 0.14
Lymphatic invasion Present versus absent 1.26 0.72-2.22 0.415
Unknown versus absent 1.57 0.65-3.76 0.313
Venous invasion Present versus absent 1.83 1.09-3.1 0.023 1.82 1.05-3.15 0.033
Unknown versus absent 1.1 0.48-2.52 0.82 1.25 0.54-2.91 0.602
Lymphatic metastasis Present versus absent 0.34 0.14-0.87 0.024 0.42 0.15-1.15 0.092
Distant metastasis Present versus absent 2.35 1.4-3.96 0.001 1.77 1-3.14 0.05
Unknown versus absent 1.12 0.46-2.73 0.802 1.11 0.45-2.71 0.821
Preoperative CEA level >5 versus <5 pg/mL 1.91 0.95-3.85 0.069
Unknown versus <5 ug/mL 1.94 0.98-3.82 0.056
UCAL High versus low 1.02 0.62-1.68 0.941
LINCO00114 High versus low 0.5 0.3-0.84 0.009 0.59 0.35-1 0.052
SFTA1P High versus low 1.09 0.67-1.79 0.722
MFI2-AS1 High versus low 1.8 1.08-3.01 0.024 1.85 1.09-3.13 0.022
SNHG7 high versus low 1.33 0.81-2.19 0.258
PVTI1 High versus low 1.17 0.71-1.93 0.533
SNHG1 High versus low 0.91 0.55-1.49 0.699

the most paramount pathways, including cell cycle and
cytokine—cytokine receptor interaction, indicating that
these pathways might play important roles in the patho-
genesis, metastasis and progression of CRC (Table 2).

Identification of Regulation of MFI2-AS1 by TFs

A total of 279 transcriptional factors potentially involved
in regulating the expression of MFI2-AS1 were predicted
by three reliable databases. Ultimately, 17 TFs were
remained by Pearson correlation analysis (adj. P <0.05)
and were considered as potential modulators of MFI2-
AS1. Differential expression of these TFs in stage III/IV
CRC tumor tissues compared with normal samples and
their correlations with expression of MFI2-AS1 are shown
in Table 3. To further enrich the regulation mechanism,
based on the co-expression network mentioned above, a
total of 68 mRNAs co-expressed with MFI2-AS1 (weight
above a threshold of 0.03) as well as overlapped with
the target genes of a specific TF were included in the
IncRNA-TF-mRNA network (Fig. 8). We found EBF1
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Table 3 Expression of TFs and their correlations with MFI2-AS1 in
TCGA

TF r adj. P logFC FDR
EGRI -02 0.0185 - -

EBFI -05 <0.0001 ~1.14 <0.0001
MEF2D -0.58 <0.0001 - -

MAX -03 0.0001 - -

MNT -02 0.0263 - -

TFE3 -02 0.0023 - -

ETS1 -05 <0.0001 - -

FOS -03 0.0004 2.56 <0.0001
AR —04 <0.0001 -13 <0.0001
CEBPB 0.28 0.0001 1.31 <0.0001
BACHI -02 0.0025 - -

NFE2 0.24 0.0007 22 <0.0001
FOXP3 0.22 0.0019 - -

ATF4 0.22 0.0017 - -

ELF1 -02 0.0155 - -

MGA -02 0.0132 - -
GABPA -0.36 <0.0001 - -
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Fig.8 The TF-IncRNA-coding gene regulation network of MFI2-AS1. Red represents being upregulated, while blue represents being downregu-
lated. Balls represent mRNAs; Hexagans represent miRNAs; Vs represent IncRNAs; Gray edges indicate IncRNA-miRNA-mRNA interactions

and AR were downregulated and negatively correlated
to MFI2-AS1, while FOS, CEBPB and NFE2 showed
significant upregulation and positively associated with
MFI2-AS1.

Discussion

Colorectal cancer has been regarded as a paramount pub-
lic health problem that seriously endangers thousands and
millions of lives, with 5-year survival rate of CRC patients
remaining low (30-57%), especially of those in advanced
stages [11]. On that account, the diagnosis and prognostic
prediction of late-stage CRC is expected to be more accu-
rate for personalized therapy and medication, which makes
research and discovery for potent and effective biomarkers

of CRC more and more essential and urgent. In this study,
we are aiming at identifying the pivotal IncRNA as a reliable
prognostic biomarker in advanced pathologic stages (ILI/IV)
of CRC, and constructing robust regulatory networks.
Admittedly, in traditional point of view, the focus and
concentration on investigation for cancer drivers should be
protein-coding genes that are more likely to exist in reoc-
curring alterations in cancer genome. Nevertheless, after the
discovery of noncoding RNAs, researchers have found that
IncRNA s act as indispensible roles and have miscellaneous
functions through diverse mechanisms, including interfering
neighboring genes when transcribing, mediating chromatin
remodeling and histone modifications, binding specific pro-
teins, regulating protein activity and so on. As a new type of
nonprotein-coding molecules, IncRNAs have been found in
tumorigenesis and prognosis in multiple kinds of cancers. It
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has been reported that IncRNAs may function as oncogenes
or tumor inhibitors of cancers, such as CRC and lung cancer
[12, 13]. Beyond any dispute, the ceRNA hypothesis that
IncRNAs may act as an miRNA sponge and protect mRNA
targets from miRNA-induced decay these days does suggest
a novel regulatory mechanism that can be mediated by IncR-
NAs, which sheds a new light on our study for IncRNAs.

In the present work, based on TCGA and GEO data, we
firstly harvested DEmRNAs, DEIncRNAs, and DE miRNAs
between integrated tumor tissues, stage III/IV CRC and adja-
cent normal tissues, respectively. Intersecting DEGs were
then selected in four comparative groups. GO and KEGG
pathway enrichment analysis was performed on intersecting
DEmRNASs, of which results also demonstrated the func-
tion of DEIncRNAs. Next, online bioinformatics tools were
applied to construct the ceRNA network based on intersect-
ing DEmiRNA, DEIncRNAs, and DEmRNAs. We further
validated the expression of key IncRNAs from aforemen-
tioned network in another GEO dataset and evaluated their
accuracy for differentiating stage III/IV CRC from normal
tissues by ROC curve analysis. Several candidate IncRNAs
from the ceRNA network have already been verified pre-
viously. For example, UCA1 modulates breast cancer cell
growth and apoptosis through UCA1/miR-143 regulation
axes [14]. UCAL1 and PVT1 were also upregulated and
influence apoptosis in CRC [15, 16]. MFI2-AS1 presented
upregulation in clear-cell renal cell carcinoma tissue, and the
high level of its expression was correlated to dramatically
increased risk of relaps and metastatic dissemination [17].
These studies also implied the credibility of our analytical
results.

Subsequently, the univariate and multivariate Cox
analyses were employed to confirm whether key IncRNAs
involved in ceRNA networks could be independent prog-
nostic indicators of CRC, finally yielding a pivotal IncRNA
related to overall survivals, MFI2-AS1. We found that MFI2-
AS1 significantly upregulated in stage III/IV CRC patients
with a poor prognosis, implicating it is a prognostic indicator
for the OS of advanced stage CRCs.

Then, a total of 977 target coding genes were identified to
be co-expressed with MFI2-AS1 using WGCNA. Accord-
ing to enrichment analysis of potential target genes, these
genes were found to function mainly through cell cycle as
well as cytokine—cytokine receptor interaction, a signaling
pathway that is reported to control stromal blood vessel net-
work formation and mediate cancer cell proliferation [18].
Cytokine secreted by tumor stromal cells may give rise to
chemotherapy resistance [19], which indicates this pathway
associates with regulating stage III/IV CRC process and is
of paramount significance for disease progression.

Ultimately, to optimize the regulatory mechanism of
IncRNAs, we further revealed several reliable TFs on regu-
latory region of MFI2-AS1 and built IncRNA-TF-mRNA
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network. Among these TFs, CEBPB might function as a
transcription activator in CRC through the MAPK path-
way [20]. Elevated NFE2-related factor 2 expression pro-
motes NSCLC progression through activating autophage
[21]. EBF1 regulated transcription of USPS5, a ubiquitous
expressed deubiquitinating enzyme, and upregulated of
which promoted growth of CRC cells and resistance to
chemotherapeutics [22].

ZFAST1 has been reported to be a IncRNA that upreg-
ulated in CRC, whose downregulation inhibits prolif-
eration and cell cycle of CRC cells [23]. What’ more,
ZFAS1 overexpression was induced by SP1 in CRC and
ZFASI1 directly interacted with miR-150-5p, increasing
expression of VEGFA and contributing to CRC pro-
gression and metastasis [24]. Our current study demon-
strated that CEBPB (r=0.28, adj. P=0.0001) and EBF1
(r=-0.5, adj. P<0.0001) were significantly correlated
to MFI2-AS1, which was predicted competitively bind-
ing to 4 miRNAs (miR-103a, miR-125a, miR-145, miR-
96). These observations suggested that MFI2-AS1 might
involve in tumorigenicity of advanced stage CRC through
RNA-RNA interactions and crucial regulatory role of TFs.
Nonetheless, the specific regulatory mechanisms remain
to be further explored.

Still, in this current study exists some limitations:
firstly, failing to explore relationships between cancer
transcriptomics and premalignant lesion due to excluding
colorectal adenoma and stage I/II CRC samples in GEO
and TCGA dataset. Second, ignoring the importance of
unifying cross-platform standardization of gene profiling
and validating with another independent cohort. Thirdly,
being challenged by vitro and vivo experiments on the reli-
ability of our analytical results owing to no experimental
data on mechanisms of IncRNAs.

In summary, this study revealed a novel pivotal IncRNA,
MFI2-AS1 in stage III/IV CRC, predicted its function and
constructed regulatory networks in different levels by a
series of bioinformatics methods. The IncRNA-miRNA-
mRNA ceRNA network as well as TF-IncRNA-mRNA
interactions shed substantial light on the regulation mecha-
nism in CRC. AJCC classification helps identify some novel
prognostic biomarkers and also enables a better investigation
for carcinogenesis of CRC in advanced stages. Our findings
provided a potential target that could be applied to novel
personalized therapeutics for late-stage CRC patients, and
further experimental validation is warranted.
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