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More and more recent studies have clearly shown that long non-coding RNA (IncRNA) should be considered as
a fundamental part of the ceRNA network, mainly because IncRNA can act as miRNA sponges to regulate the
protein-coding gene expression. Nevertheless, it is still not clear how IncRNA-mediated ceRNAs function in cer-
vical squamous cell carcinoma (CESC). Moreover, information about the ceRNA regulatory mechanism is also
remarkably limited; thus, prediction of CESC prognosis using ceRNA-related information remains challenging.
We collected 306 RNA (IncRNA, miRNA, and mRNA) expression profile datasets obtained from cervical squa-
mous cancer tissues plus 3 more from adjacent cervical tissues via the TCGA database. Subsequently, we con-
structed a IncRNAs-miRNAs-mRNAs CESC ceRNA network, and Gene Ontology (GO) analysis was carried out.
We identified a total of 30 DEIncRNAs, 70 DEmiRNAs, and 1089 DEmRNAs in CESC. Subsequently, to reveal the
expression patterns of dysregulated genes, weighted gene co-expression network analysis was carried out,
resulting in 3 co-expression modules with significantly related clinical properties. The constructed aberrant
IncRNAs-miRNAs-mRNAs CESC ceRNA network was composed of 17 DEmiRNAs, 5 DEIncRNAs, and 7 DEmRNAs.
Moreover, the survival analysis was performed for DEIncRNAs, DEmiRNAs, and DEmRNAs.

The present study shows the involvement of the IncRNA-related ceRNA network in the pathogenesis of CESC.
We believe the newly generated ceRNA network will provide more insights into the IncRNA-mediated ceRNA
regulatory mechanisms.
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Background

As one of the most common malignant tumors with incidence
second only to breast cancer, cervical cancer is associated with
high mortality and morbidity in women [1]. According to the
World Health Organization, each year approximately 530 000
women are estimated to have developed cervical cancer, and
270 000 women die due to this disease [2]. Globally, 10-15%
of cancer-associated deaths in women are caused by cervi-
cal squamous cell carcinoma (CESC) [3,4]. After being diag-
nosed with this disease, the status of most of cervical can-
cer patients (80%) has already deteriorated into the invasive
stages. A slowly decreasing average age at diagnosis was doc-
umented. More seriously, distant metastasis of cervical can-
cer still contributes to the high morbidity and mortality [5-9].
Stage IVB cervical cancer has a 5-year survival rate of about
9% [10]. At present, due to multiple reasons, there is still no
effective treatment for cervical cancer. Therefore, finding new
treatments is urgent and necessary, and a better understand-
ing of the specific CESC mechanisms may boost treatment ef-
ficiency and minimize the adverse effects typically observed
when applying standard treatment.

The recent breakthrough of next-generation sequencing (NGS)
technology has provided us with an excellent opportunity to
illustrate the complexity of the human genome. In the human
transcriptome, non-coding RNAs (ncRNAs), including micro-
RNAs (miRNAs) and long non-coding RNAs (IncRNAs), repre-
sent about 98% of the total transcripts, and it has been well
documented that they have important biological functions [11].
As a consequence, it has become one of the most intriguing
challenges to explore the RNA for cancer biologists today.
More importantly, the characteristics of IncRNAs can be uti-
lized as potential new biomarkers and for designing targeted
drugs. Over the past decade, the competing endogenous RNA
(ceRNA) hypothesis introduced by Salmena et al. has attracted
consideration attention. According to this hypothesis, in addi-
tion to miRNAs, multiple molecules also participated in post-
transcriptional regulatory networks; other ncRNAs harboring
miRNA response elements (MREs), such as IncRNAs, cirRNAs,
as well as some pseudogenes, can likewise play ceRNA to sup-
press miRNA and interfere with mRNAs [12]. Following this
hypothesis, an increasing amount of evidence has indicated
that, many non-coding RNA (IncRNA) that were previously con-
sidered as transcriptional “desert island” actually are master
regulators affecting the expression levels of numerous target
genes [13,14]. Multiple studies coming after the discovery of
ceRNA regulation role have reported that IncRNA, mRNA, and
other RNA have the ability to suppress miRNA function by
acting as natural miRNA sponges. LncRNA can mimic mRNA
to compete for shared miRNA [12,15,16].
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Over 20 years ago, National Cancer Institute (NCI) and the
National Human Genome Research Institute (NHGRI) launched
the Cancer Genome Atlas (TCGA) project. This gigantic project
has so fat provided us with comprehensive cancer genomic in-
formation and greatly advanced our diagnostic methods; there-
fore, new therapy standards was set and more effective strate-
gies of disease prevention were invented. Meanwhile, the latest
progress of bioinformatics has also promoted the integrated
multidimensional analyses which provide novel insights into
the cancerous pathogenic mechanism [17]. Weighted gene co-
expression network analysis (WGCNA), one of systems com-
putational approaches, is an easy way to functional correlate
genes with similar expression patterns [18]. It also can be ex-
tended to uncover highly correlated molecules and group sep-
arate modules, revealing the connection between hub nodes
and external sample traits. WGCNA based algorithms are widely
used in genomics of human diseases, animals and plants.
In cancer research filed, the power of WGCNA is reflected by
many important genes, biological processes, and candidate bio-
markers identified by it. However, while WGCNA is relatively
straightforward and TCGA database is publicly available, few
researchers have performed WGCNA using TCGA data for un-
derstanding cervical cancer.

To our knowledge, this is the first WGCNA based study that

utilizes the data collected from TCGA to study the cervical can-
cer specific IncRNA.

Material and Methods

Collection of Data

All RNA-seq data and clinical information used were download
from TCGA database and filtered the following criteria: i) clin-
ical data should contain enough details, including diagnosis
age, race, clinical stage, neoplasm histologic grade, HPV status,
menopause status, lymphovascular involvement, TNM stage;
i) clinical data included follow-up time. In total, 306 CESC tu-
mor tissues and 3 adjacent normal tissues were analyzed in
this study. Because this study strictly followed the ethics guide-
lines recommended by TCGA ethics committee, the approval
of an ethics committee was not required.

Study design and data processing

Data preparation: i) gene expression matrix was merge by RNA
and miRNA sequencing data; ii) converted ensemble ID to gene
symbol in gene expression matrix; iii) extract clinical data of
CESC patients; iv) outlier removal with hierarchical clustering.

Data analysis: i) used R package of edgeR to screen DEIncRNASs,
DEmiRNAs and DEmRNASs; ii) then WGCNA was utilized to

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Chen W. et al.:
Construction and analysis of IncRNA-mediated ceRNA network...
© Med Sci Monit, 2019; 25: 2609-2622

MOLECULAR BIOLOGY

e ey

Materials

LncRNA-+miRNA-+mRNA
RNA and miRNA sequencing data

+306 CESC tumor tissues
-3 CESCadjacent normal tissues

Data preparation

—_———

=

« Screening
DEIncRNAs
DEmIRNAs
DEmRNAs

Methods

2
]
=
]
=
<
]
=
]
(=

(ystos cape

« |dentifying
hub genes
of DEmRNAs
« Visualization

- Generating gene expression matrix based on RNA and miRNA sequencing data
- Converting ensembl gene ID to gene symbol

« Extract clinical data of CESE patients

« Qutlier removal with hierarchical clustering

=

«WGCNA

for DEmRNAs
« Module
detaction

« Thershold of

intercation
score >0.9
for modules

network

«WGCNA
for DEmRNAs

« ceRNA
network
construction

+ Module
detaction

Figure 1. Workflow of the data preparation and analysis.

detect module for DEmRNAs; iii) screen genes which inter-
action score greater than 0.9 in modules by string database;
iv) utilized Cytoscape to identify hub genes of DEmRNAs and
visualization; v) ceRNA network construction; vi) survival anal-
ysis. A detailed flow diagram is present to illustrate the design
of this study (Figure 1).

DEIncRNAs, DEmiRNAs, and DEmRNAs Screening
We merged gene expression of tumor and normal tissues to

generate gene expression matrix based on RNA and miRNA se-
quencing data from TCGA database. Then used the R package

of “edgeR” to screen the DEIncRNAs after removing low ex-
pression of genes (expression means <1) between CESC tumor
tissues and adjacent normal tissues. The threshold of differen-
tial expression was set as adjusted p value <0.05 and |log,fold
change (FC)| >2. Furthermore, the same condition was used to
screen DEmiRNAs and DEmRNAs.
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Identifying hub DEmRNAs
The construction of weighted gene co-expression network

R package of “WGCNA” was used to detect scale-free gene
modules for DEmRNASs. First, to improve the accuracy and con-
fidence of co-expression network construction, the outlier sam-
ples were identified and removed. Soft threshold power pa-
rameter of the network construction was set to 3 in order to
make the weighted adjacency matrix scale-free for all pair-wise
genes, so it only highlights significant correlations and weak
correlations were ignored. In the second step, the obtained ma-
trix was transformed, resulting in a topological overlap matrix
(TOM), and then, by using dynamic tree cut, we calculated the
dissimilarity of module eigengenes (1-TOM) to identify hier-
archical clustering genes and modules. For this, the minimum
size cut-off value of each module was set to 30, and modules
which below 0.25 would be merged.

Construction of PPl network

To obtain protein-protein interaction (PPI) information, Search
Tool for the Retrieval of Interacting Genes (STRING) (https://
string-db.org/) was used. STRING is a widely used PPI network
database to discover CESC-related DEGs distributing in differ-
ent modules. In addition, STRING database was also used to
evaluate the interrelationship of DEmRNAs. Data are visual-
ized using Cytoscape software. We set the threshold for inter-
actions score >0.9 as significant.

Selection of hub modules and their functional enrichment

For hub modules selection using our PPI network, a Cytoscape
plug-in Molecular Complex Detection (MCODE) was installed and
used here. Basic cut-off criteria are: degree=2, node score=0.2,
k-score=2 and maximal.depth=100. Then, to perform function-
al analysis, selected genes were submitted to The Database
for Annotation, Visualization and Integrated Discovery (DAVID)
(https://david.ncifcrf.gov). Two Gene Ontology (GO) analysis
were performed: Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways analysis and biological process (BP) analysis.

Clinical feature associated modules

Clinical features are usually correlated with gene expression
modules. To explore their relationship, the Person’s correla-
tion of all modules at 10 different conditions were calculated
and filtered with relation cut-off and p value, and their as-
sociation was displayed as heatmap. The conditions are di-
agnosis age, race, clinical stage, neoplasm histologic grade,
HPV status, menopause status, lymphovascular involvement,
pathology T/N/M stages.

Chen W. et al.:
Construction and analysis of [ncRNA-mediated ceRNA network...
© Med Sci Monit, 2019; 25: 2609-2622

ceRNA network construction

The construction of the ceRNA network, consisting of hub dys-
regulated genes associated in CESC, includes the following
5 steps. i) target IncRNAs prediction: to coordinate the
DEIncRNAs and DEmiRNAs, miRcode (http://www.mircode.org)
database was used for predicting the IncRNAs-miRNAs inter-
actions and 2 types of DE RNAs were mapped accordingly.
ii) prediction of target miRNAs of mRNAs: miRDB (http://www.
mirdb.org), miRTarBase (http://mirtarbase.mbc.nctu.edu.tw)
and TargetScan (http://www.targetscan.org) database to pre-
dict to predict the target miRNAs of mRNAs; iii) prediction of
mRNAs targeted by hub mRNAs: intersection target mRNAs
and hub mRNAs; iv) hub DEmRNAs were further aligned with
the predicted mRNAs/hub mRNAs interactions; v) ceRNA net-
work construction: IncRNA-miRNA-mRNA interactions that
are CESC-specific were used in the ceRNA network construc-
tion. The visualization of the final network was done using
Cytoscape 3.6.1 software.

Survival analysis

To further characterize the constructed network and identify
the network signatures, the clinical data were integrated, and
we labelled each node of the ceRNA network with the life curve
of those samples. R package “survival” was used to conduct
the survival analysis using a standard Kaplan-Meier univari-
ate curve. If a molecule had a p value <0.05, we considered
had statistical significance.

Results

DEIncRNAs, DEmiRNAs and DEmRNAs

A large gene expression dataset of tumor tissues (306) and
adjacent normal tissues (3) was analyzed in this study. We
used R package of “edgeR” to obtain DEIncRNAs by selecting
adjusted p value <0.05 and |log,FC| >2 as the cutoff criteria.
A total of 30 DEIncRNAs were effectively identified: 13 of them
were upregulated and 17 were downregulated. Furthermore,
the same condition was set to obtain DEmiRNAs and DEmRNAs
by “edgeR” R package. Finally, we obtained 70 DEmiRNAs, of
which 33 were upregulated and 37 were downregulated and
1089 DEmRNASs, of which 532 were upregulated and 557 were
downregulated in CESC tumor tissues compared to the adja-
cent normal tissues. The top 10 DEIncRNAs, DEmiRNAs, and
DEmRNAs with |log,FC| >2 are listed in Table 1.
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Table 1. The top 10 DEIncRNAs, DEmiRNAs, and DEmRNAs.

Gene symbol |log2FC| LA FDR Dysregulated stage

Top 10 DEIncRNA

PGM5-AS1 8.6326 2.41E-93 2.28E-90 Down
””””” ewos 425477 10509 125607  Down
""""" MRIOOHG 34444 224610 35508 Down
””””” acoosol03  3ies  Ls;Els 747817 Down
””””” UNcoltss 28524 000067 001514 Down
””””” MR20SHG 6509706 0001037 0020499  Up
””””” Alo49sss1  ssess6  375£0s  ooods2  Up
””””” a3sazes2  s3e799 0002883 00456 Up
””””” MR9-3HG 5004024 0000879 oowssé  Up
””””” ve2s172 4745 0002085 o015 Up

hsa-mir-133a-2 4.50689 2.19E-21 2.87E-19 Down
""""" hsa-mit133a1 449975 340622 557620 Down
""""" hsa-mi-i4s 42897 390832 128629  Down
""""" hsamici1  a1gr2 970617 10614 Down
””””” hsamici2 410623 L187E16 17614 Down
””””” hsa-mir944 803218 0000672 0005372 up
””””” hsamir20s 780738 1905 ooo0231  up
””””” hsamir203a 5991917 0000272 ooo2586  Up
””””” hsamir31 5640633 980E0s  ooo071  up
””””” hsa-mir96 5595009 10707 319E06  Up

DES 7.61144 3.51E-56 3.16E-53 Down
""""" o1 7sa7e0 2877 LE73 Down
""""" acG2 73 216e54  1e0EST  Down
""""" 6 69519 L0934 30532 Down
""""" mn 6064 e9ESS  548Es2  Down
""""" caMis  gsos3s6 0006408 0040904  Up
""""" P 758309 330806 628805 Up
""""" WRTIS 7476535 000583 o0o0s285s  up
""""" KRTA 7460412 0002422 oo019027 up
""""" KRTS 7393729 oooi4r7  oow71s  up
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Figure 2. Weighted gene co-expression network construction.
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Identifying hub module DEmRNAs
Weighted gene co-expression network construction

We used R package of “WGCNA” to build the correlation net-
work based on DEmRNASs, selecting the soft threshold power
parameter as 3 to ensure a scale-free network. Following the
step of using average linkage to group the DEmRNAs whose
expression patterns were similar into modules whose differ-
ent colors representing different modules, we identified a to-
tal of 3 modules colored as turquoise, blue, and brown mod-
ules. Genes that were not grouped into any modules were
marked grey (Figure 2).

PPI network analysis

PPI networks obtained from STRING database was used to
evaluate the interrelationship of DEmRNAs in modules. In this
analysis, interactions score >0.9 was set as the threshold for
significant PPI; therefore, only protein interactions with high-
est confidence were included in our network. Eventually, 1066
nodes and 2510 edges were contained by the PPI network of
DEmRNASs, in which 884 nodes and 2312 edges were included
in the turquoise module, 138 nodes and 128 edges in the blue
module, and 44 nodes and 70 edges in the brown module.

Hub modules selection and functional enrichment analysis

Hub modules were identified and visualized by the Cytoscape
plug-in MCODE with the settings: node score cut-off=0.2,
k-core=2, Degree cut-off=2, and max.depth=100. For the KEGG
pathways/Biological process analysis of each module, data
were uploaded to the DAVID database. Finally, a total of 3 hub
modules were identified. As is shown in Figure 3, the 3 hub
module networks consist of 120 nodes and 816 edges. There
are 36 nodes and 628 edges exhibited in the turquoise hub
module, while the blue module contained 66 nodes and 119
edges. In the brown module, we found 18 nodes and 69 edges.

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

. (B) Blue hub module. (C) Brown hub module.

Except for the grey module, Gene Ontology and KEGG path-
way analyses were carried out for 3 modules to explore the
involved biological process and pathways with connections
to CESC (Figure 4). We found that hub module DEmRNAs in
the turquoise module were enriched in biological processes of
cell communication and signal transduction and were related
to mitotic prometaphase, mitotic prophase, mitotic M\-M/G1
phases, M Phase, and DNA Replication pathways. In the blue
module, hub module DEmRNAs were enriched in biological
processes of cell communication and signal transduction, and
were related to integrin family cell surface interactions path-
way. In the brown module, hub module DEmRNAs were en-
riched in biological processes of cell communication, signal
transduction, and regulation of nucleobase, nucleoside, nucle-
otide, and nucleic acid metabolism pathways. For all the hub
module DEmRNAs in the 3 modules, biological process results
showed that hub module DEmRNAs most enriched in cell com-
munication and signal transduction. KEGG pathways analy-
sis indicated that the hub module DEmRNAs enriched in “cell
cycle, mitotic”, “DNS replication”, “mitotic M-M/G1 phases”,
“M phase”, and “mitotic prometaphase” pathways. All enrich-
ment pathways had statistical significance (Figure 4).

Module clinical feature associations

Clinical and pathological information were obtained and are
listed in Table 2. Using this information, a feature heatmap
was constructed for examining the relationship between mod-
ules and clinical characteristics. As shown in Figure 5, we no-
ticed that HPV status (r=0.3, p=2e-06) in blue module and HPV
status (r=—0.29, p=8e-06) in turquoise module displayed the
highest correlation coefficient. However, the remaining clini-
cal features had no significant associations with these 3 mod-
ules. Based on our data, we speculate that the DEmRNAs lo-
cated in these modules are likely to be the critical regulators
controlling CESC development.
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Figure 4. Gene Ontology and KEGG pathway analysis.

Table 2. Clinical and pathological information of CESC patients.

Clinical feature Variable Patients (%)

>60 59 (19.4)

Age at diagnosis (YEArs)
<60 245 (80.6)
White 209 (68.8)
Black or African American 30 (9.87)
Native Hawaiian or other Pacific islander 2 (0.61)

2= ol R
Asian 20 (6.58)
American Indian or Alaska native 7 (2.3)
Other 36 (11.84)
Stage | 162 (53.29)
Stage Il 69 (22.7)

Clinical stage Stage Il 45 (14.8)
Stage IV 21 (6.91)
Other 7 (2.3)
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Table 2 continued. Clinical and pathological information of CESC patients.

Clinical feature Variable Patients (%)

gl 18 (5.92)
2 135 (44.41)
s 18 (3882
Neoplasm histologic grade — ooororrrrrr oo

g4 1 (0.33)
= a g8y
other 8 e
""""""""""""""""""""""""""""""" ndeterminate 1 (033
HPV status CNegatie 2 g
Cpostve 281 (9243

Pre (<6 months since Imp and no prior bilateral ovariectomy and
not on estrogen replacement)

Post (prior bilateral ovariectomy or >12 mo since Imp with no

prior hysterectomy) 82 e
Menopause status T
Peri (6-12 months since last menstrual period) 25 (8.22)
Indeterminate (neither pre or postmenopausa) 3 (099)
Other 70 @0y
"""""""""""""""""""""""""""""" Absent 71 (@33
Lymphovascular involvement Present79 77777777 (2599) 777777
Cother 154 (5065)
"""""""""""""""""""""""""""""" no 140 (@0
2 @33
s 0 65
Pathology T stage T4 777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 1 0 7777777777 ( 329) 777777
s 1 033
EE 7 (559
Cother . a s
""""""""""""""""""""""""""""""" N 13 @7
I S A
Pathology N stage =~ oo
Nx 66 (21.71)
R o
"""""""""""""""""""""""""""""" Mo  1e (816
w 0 (29
Pathology M stage oo
Mx 128 (42.1)
COther 50 (1645
s ersd st ommon . [ it (G Contr il Medrl (st (5 st e
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Module-trail relationships

1
. -0.0067 0.0011 -0.055 -0.072 -0.29 0.071 -0.028 -0.024 -0.075 0.087
MEturquoise (0.9) (1 (0.4) (03) (8e~06) (03) (0.7) (0.7) (03) (0.2)
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Figure 5. Module-trait relationships.
Construction of CESC ceRNA network

We utilized the results of “edgeR” and “WGCNA”, which included
DEIncRNAs, DEmiRNAs, and hub module DEmRNAs, to construct
a competing endogenous RNAs network to further study the reg-
ulatory role of IncRNA and miRNA in the pathogenesis of cervical
cancer. We constructed a ceRNA network by following these steps:

Constructing DEIncRNAs-DEmIRNAs interaction pairs

The relationship between CESC-related IncRNA and miRNA was
further investigated here to reveal their potential role. The tar-
get miRNAs of DEIncRNAs were predicted by mirCode data-
base and matched with DEmiRNAs to construct the DEIncRNAs-
DEmiRNAs interactions.

As a result, 17 DEmiRNAs related to 5 DEIncRNAs and 37 in-
teractions were identified, and all of them are previously re-
ported cancer-associated miRNAs.

Constructing DEmiRNAs-hub DEmRNASs interaction pairs

miRNAs-mRNAs interactions were predicted by miRDB, miRTar-
Base, and TargetScan database. We obtained hub DEmRNAs

Figure 6. The dysregulated IncRNA-mRNA-miRNA ceRNA
network. Rounds denotes IncRNA, and inverted
triangles represents miRNA and diamonds represents
mRNA. All shapes in red and green stand for up-
regulation and down-regulation, respectively.

by taking the intersection of the target mRNAs of DEmiRNAs
and the hub module DEmRNAs. Then, hub DEmRNAs were
matched with predicted target mRNAs of DEmiRNAs to con-
struct DEmiRNAs-hub DEmRNAs interactions. Eventually,
7 DEmiRNAs related to 7 DEmRNAs and 7 interactions were
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Table 3. All node information of ceRNA network.

Nodes
Hub IncRNAs

|log2FC|
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FDR Dysregulated stage

2.965511951

0.037274851 Up

identified, and most hub DEmRNAs were associated with
cancer.

Merged DEIncRNAs-DEmiRNAs-hub DEmRNAs and ceRNA
network analysis

Finally, we obtained 5 DEIncRNAs, 17 DEmiRNAs, and 7
DEmRNAs, which are likely to be the critical nodes underpin-
ning the whole ceRNA network. All of the above data were
integrated to construct the IncRNA-miRNA-mRNA integrated

CESC ceRNA network, and network visualization was realized
with Cytoscape (Figure 6). A summary of all node information
is shown in Table 3. The present network contains many nodes
that have been described as molecules associated with cancer,
such as FGFR3, CCNB1, E2F1, KLF5, PMAIP1, and ITGA2 (ex-
cept for HCAR2). A key IncRNA, EPB41L4A-AS1, was identified
in our analysis and it was connected with 8 key miRNAs: hsa-
mir-141, hsa-mir-383, hsa-mir-183, hsa-mir-205, hsa-mir-106a,
hsa-mir-195, hsa-mir-200a, and hsa-mir-429, although no re-
search had demonstrated its function to date. The network hub
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Figure 7. Kaplan-Meier survival curves of ceRNA network for the overall survival in CESC.

feature of EPB41L4A-AS1 suggests that it can act as a ceRNA,
thus inhibiting target miRNAs and regulating the translation of
associated hub genes such as PMAIP1, CCNB1, E2F1, and TGA2.
Another IncRNA of interest is MIR205HG, which can bind hsa-
mir-183, hsa-mir-143, hsa-mir-145, hsa-mir-31, hsa-mir-205,
hsa-mir-383, and hsa-mir-204; therefore, it is likely endoge-
nous and indirectly associated with many targeted transcripts
(e.g., CCNB1, KLF5, and HCAR2). In addition, AC132872.1is a
IncRNA on which no research has been reported. We found
that AC132872.1 may impact on CESC through its interactions
with hsa-mir-195, hsa-mir-106a, hsa-mir-204, hsa-mir-143,
hsa-mir-205, hsa-mir-210, and hsa-mir-100, which then regu-
late the target hub mRNAs E2F1, ITGA2, and FGFR3. There has
been abundant research on IncRNAs of CRNDE, most of which
are related to the pathological process of cancer. CRNDE is also
a key IncRNA in our study, which acts by binding 7 miRNAs
(hsa-mir183, hsa-mir-145, hsa-mir-140, hsa-mir-32, hsa-mir-31,
hsa-mir-205, and hsa-mir-143), which can indirectly regulate
the target hub mRNAs of KLF5 and CCNB1. Moreover, EMX20S
also serves as the central molecule of 6 miRNAs: hsa-mir-183,
hsa-mir-143, hsa-mir-182, hsa-mir-31, hsa-mir-210, and hsa-
mir-205. Hence, we speculate that EPB41L4A-AS1, EMX20S,
MIR205HG, AC132872.1, and CRNDE are intimately related to
the pathogenesis of CESC.

Survival analysis for genes in the ceRNA network

To further investigate the relationship between the expression
pattern and clinical information of the CESC samples, Kaplan-
Meier curves were calculated to identify survival-associated
key nodes (with p<0.05). We selected 5 hub DEIncRNAs, 17 hub
DEmIiRNAs, and 7 hub DEmRNAs from our ceRNA network to
perform survival analysis. The results revealed that the expres-
sion levels of E2F1 and hsa-mir-204 were positively correlated

with overall survival time, as patients with higher expression
of them also had long survival time. All results of the survival
analyses are shown in Figure 7.

Discussion

Long non-coding RNAs (long ncRNAs, IncRNA) are defined as
transcripts longer than 200 nucleotides that are not translated
into protein. Nevertheless, much research in recently years
has shown that some IncRNAs are involved in the regulation
of multiple processes in the cell.

In this study, a total of 5 IncRNAs (MIR205HG, EMX20S, CRNDE,
EPB41L4A-AS1, and AC132872.1) were characterized as hub
IncRNAs. According to the results of our integrated analysis,
these IncRNAs were differentially enriched and are located in
the constructed ceRNA network. A more careful inspection of
the network pinpointed EPB41L4A-AS1 as the network center,
which probably can indirectly regulate the target genes of 8
competing miRNAs (hsa-mir-383, hsa-mir-183, hsa-mir-205,
hsa-mir-106a, hsa-mir-141, hsa-mir-195, hsa-mir-200a, and
hsa-mir-429). Although EPB41L4A-AS1 plays a quite important
role in the ceRNA network, no research has been reported yet.
We found that CRNDE is also a key IncRNA, acting by binding
7 miRNAs (hsa-mir183, hsa-mir-145, hsa-mir-140, hsa-mir-32,
hsa-mir-31, hsa-mir-205, and hsa-mir-143). Some previous re-
ports have shown that CRNDE can deregulate gene expres-
sion in different types of tumors, and thus it has the poten-
tial to be used as diagnostic and prognostic biomarkers [19].
Cheng et al. had found that CRNDE was significantly increased
in bladder cancer, and overexpression of CRNDE was positively
correlated with advanced TNM stage of bladder cancer pa-
tients [20]. Sun et al. found that CRNDE negatively regulates
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the expression of miR-384 and is positively correlated with
pleiotrophin in papillary thyroid cancer tissues. Moreover, the
CRNDE/miR-384/pleiotrophin axis may play an important role
in the regulation of papillary thyroid cancer progression [21].

Our WGCNA analysis demonstrated that highly expressed
CRNDE acts as miRNA competitors inhibiting the expression
of targets genes categorized into the turquoise and blue mod-
ule (e.g.,, CCNB1 and KLF5), which are 2 genes involved in our
ceRNA network. Taking clinical characteristics into consider-
ation, the WGCNA turquoise and blue modules further dem-
onstrated that they had the high correlation coefficient in the
CESA of HPV status (r=—0.29, p=8e-06; r=0.3, p=2e-06). Thus,
we hypothesized that knocking down the expression of CRNDE
can transform HPV status into negative in CESC. Nevertheless,
given that the survival analysis for CRNDE showed no signif-
icant p values, these results need to be confirmed by further
research to elucidate its effect on cervical cancer.

In addition, MIR205HG has the key IncRNA interrelated with
7 key miRNAs in the ceRNA network. Di et al. showed that down-
regulation of MIR205HG expression can lead to significantly re-
duced clonogenic activity of head and neck cancer cells, thus low-
ering the rate of cell proliferation and cell migration. MIR205HG
can compete with endogenous miR-590-3p in vivo to increase
the expression of cyclin B, cdk1, and YAP, and these genes are
upregulated in head and neck of squamous cell carcinoma pa-
tients, with poor prognosis [22]. We found that highly expressed
MIR205HG can compete with 7 DEmiRNAs (hsa-mir-183, hsa-
mir-145, hsa-mir-31, hsa-mir-143, hsa-mir-205, hsa-mir-383,
and hsa-mir-204) to regulate target (CCNB1, KLF5, HCAR2) gene
expression. Nonetheless, the survival analysis for MIR205HG
showed no significant p values, and these findings require
further research to explore its cervical cancer-related func-
tions. In the construction of the ceRNA network, another 3 key
DEIncRNAs — EMX20S, EPB41L4A-AS1, and AC132872.1 — were
not relate to clinical outcome of CESC patients.

In comparison with miRNAs, a category of small ncRNA mole-
cules whose role in various human disease have been well doc-
umented, but far fewer IncRNAs have been comprehensively
studied in terms of their disease-associated function. In the
present study, by constructing a novel ceRNA network, we were
able to clearly define the relationship of IncRNAs and miRNAs.
A total of 17 miRNAs were identified and will be subject to
further investigation: hsa-mir-141, hsa-mir-383, hsa-mir-183,
hsa-mir-205, hsa-mir-106a, hsa-mir-195, hsa-mir-200a, hsa-
mir-429, hsa-mir-140, hsa-mir-32, hsa-mir-31, hsa-mir-143,
hsa-mir-145, hsa-mir-204, hsa-mir-182, hsa-mir-210, and
hsa-mir-100. The mir-143, mir-183, and mir-205 are of par-
ticular importance in the ceRNA network core. Zhao et al. re-
ported that microRNA-143/145 cluster is downregulated in
hepatitis B virus-associated hepatocellular carcinoma, thus

MOLECULAR BIOLOGY

serving as a potential biomarker for tumorigenesis in pa-
tients with chronic hepatitis B [23]. Supic et al. reported that
mir-183 can be a potential progression marker and biomarker
for tongue carcinoma [24]. Yang proved that downregulating
miR-205 can suppress the tumorigenesis of cervical cancer [25].
Pang et al. showed that miR-205 serves as a prognostic fac-
tor and suppresses proliferation in human cervical cancer by
targeting insulin-like growth factor [26]. Moreover, Yue et al.
confirmed that miR-205 mediates the inhibition of cervical
cancer cell proliferation [27]. However, the result of survival
analysis showed that clinical information of CESC patients is
not significantly related with mir-143, mir-183, and mir-205.
More work is needed to verify the significance or specific role
of these aberrant miRNAs in CESC tumorigenesis. Notably, in
the new ceRNA network, several protein coding genes (e.g.,
CCNB1 [28], KLF5 [29], E2F1[30,31], and FGFR3 [32]) have been
recently reported to be key cervical cancer oncogenes affecting
disease development and progression. Furthermore, our sur-
vival analysis results suggest that low expression of E2F1 can
result in a poor CESC outcome.

The KEGG pathways analysis enabled us to identify 5 enriched
pathways: Mitotic Prometaphase, M Phase, Cell Cycle, Mitotic
M-M/G1 phases, and DNA Replication.

Currently, although an increasingly effort has been made to
study the IncRNAs-miRNAs-mRNAs network, there have been
few investigations focusing on ncRNA-mediated human diseases.
Our study is the first to use WGCNA to establish a co-expression
network of IncRNAs-miRNAs-mRNAs in CESC. However, some
limitations also exist in our analysis. Because only limited sam-
ples were used and the sample information was not complete,
we were not able to conduct any subtypes analysis. Therefore,
further experimental work is very much needed to validate our
results and elucidate the functions of ceRNA in CESC.

In conclusion, an advanced integrative network-based systems
biology approach was used in this study to characterize both
non-coding and coding RNA expression profiles generated from
cervical cancer samples and controls. Some hub genes of po-
tential importance were selected using the WGCNA algorithm,
and the newly constructed IncRNA-miRNA-mRNA ceRNA inter-
active network will likely provide a basis for further investiga-
tion of the regulatory mechanism of CESC.

Conclusions

In summary, we provided insights into the IncRNA-mediated
ceRNA regulatory mechanisms by constructing a IncRNA-miRNA-
mRNA interactive network. This may contribute to the discov-
ery of molecular mechanisms underlying the initiation and de-
velopment of cervical cancer.
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