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Abstract

Purpose We aimed to seek the crucial genes or microRNAs (miRNA) correlated with the cervical cancer development.
Methods The miRNA profiling GSE30656 and gene expression profiling GSE63514 were obtained from Gene Expression
Omnibus database. Differentially expressed microRNAs (DEMiRs) and differentially expressed genes (DEGs) were screened.
Then target genes of DEMiRs were obtained and matched with DEGs to obtain interaction pairs between DEMiRs and
DEGs. Gene Ontology-biological process and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment
analyses were conducted for DEGs and DEMiRs in the DEMiRs—DEGs pairs. The DEMiRs—DEGs regulatory network,
protein—protein interaction network and transcription factor (TF)—target regulatory network were constructed. Ultimately,
long non-coding RNAs (IncRNAs) associated with DEMiRs were obtained, and then IncRNA-miRNA-target ceRNA net-
work was established.

Results Total 18 DEMiRs and 620 DEGs were identified. DEMiRs were enriched in 35 KEGG pathways, such as PI3K-Akt
signaling pathway (involving miR-451a). DEGs were enriched in various functions, such as DNA replication (involving E2F7)
and angiogenesis (involving EREG). There were 120 nodes and 216 interaction pairs in the DEMIR-DEG regulatory network,
and miR-106b-5p has the greatest degree. EREG and E2F7 were regulated by miR-451a and miR-148a-3p, respectively.
Besides, E2F7 was identified in the TF—target regulatory network, regulating CDC6. There were 15 IncRNAs, 11 miRNAs
and 90 DEGs in the ceRNA network. Specially, miR-148a-3p was interacted with IncRNA HOTAIR in the ceRNA network.
Conclusion E2F7, EREG, miR-451a and miR-106b-5p were likely to be related to the cervical cancer development.

Keywords Cervical cancer - Differentially expressed miRNAs - Differentially expressed genes - Regulatory network -
Angiogenesis

Abbreviations GO-BP  Gene ontology biological process

miRNA  MicroRNAs ORA Enrichment analysis

DEGs Differentially expressed genes NES Normalized enrichment score

DEMiRs Differentially expressed microRNAs PCA Principal component analysis

KEGG Kyoto encyclopedia of genes and genomes MAPKI  Mitogen-activated protein kinase 1

TFs Transcription factors

IncRNAs Long non-coding RNAs

GEO Gene expression omnibus Introduction

BH Benjamini and Hochberg

FC Fold change Cervical cancer ranks second to breast cancer among women

and endanger the health of women [1]. There are approxi-
mately 530,000 new cases of cervical cancer in 2008, and it
is estimated to increase by 80% until 2020 without intensi-
fied prevention [2]. In particular, it shows that about 80% of
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Several risk factors are associated with the occurrence
of cervical cancer, such as human papillomavirus (HPV)
infection [4] and smoking [5]. Of these factors, HPV infec-
tion is considered as the major risk factor for the occur-
rence of cervical cancer. It is reported that HPV types 16
and 18 accounts for 75% cervical cancer cases worldwide
[1, 6]. Currently, microRNAs (miRNAs) have been proved
to serve potential parts in the cervical cancer development.
For example, previous study demonstrates that down-regu-
lated miR-214 has pivotal roles in facilitating cervical cancer
pathogenesis [7]. The miR-188 down-regulation and miR-
223 up-regulation are correlated with the short survival of
cervical cancer patients [8]. MiR-411 is down-regulated in
cervical cancer samples and inhibits the development of cer-
vical cancer through targeting signal transducer and activa-
tor of transcription 3 (STAT3) [9]. MiR-146a contributes to
the cell viability of cervical cancer via targeting interleukin
1 receptor associated kinase 1 and TNF receptor associated
factor 6 [10]. Additionally, several long non-coding RNAs
(IncRNA) have also been identified to participate in the cer-
vical cancer development. For example, IncRNA HOX tran-
script antisense RNA (HOTAIR) and STAT3 synergistically
regulate the migration and invasion of cervical cancer cells
[11]. Despite of these findings, the detailed mechanism of
cervical cancer remains unclear.

Wilting et al. integrated generated chromosomal pro-
files of the same samples and the genome-wide miRNA
expression profiles of micro-dissected specimens of normal
squamous epithelium, high-grade precancerous lesions,
squamous cell carcinomas and adenocarcinomas in 2013
[12]. Den et al. analyzed the gene expressions of normal,
precancerous, and cancerous cervical tissues, finding that
the DNA replication/repair and cell proliferation genes are
correlated with the cervical cancer development [13]. Nev-
ertheless, they have not explored the detailed mechanisms of
cervical cancer utilizing the comprehensive bioinformatics
analyses. Here, the miRNA profiling GSE30656 [12] and
gene expression profiling GSE63514 [13] were integrated
to deeply seek the detailed mechanisms of cervical cancer.
Differential expression analyses, enrichment analyses, pro-
tein—protein interaction (PPI) network analysis, and ceRNA
network analysis were conducted. The study was expected
to unravel the miRNAs, genes and pathways related to the
cervical cancer development.

Materials and methods
Data source
The miRNA profiling GSE30656 was extracted from gene

expression omnibus (GEO) database (http://www.ncbi.
nlm.nih.gov/geo/), which was detected on the platform of
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Agilent-016436 Human miRNA Microarray 1.0. A total of
ten squamous cell carcinomas of the cervix samples (includ-
ing GSM760511, GSM760513, GSM760512, GSM760538,
GSM760520, GSM760539, GSM760521, GSM760540,
GSM760547, GSM760546) and ten cervical squamous
epithelial samples (including GSM760508, GSM760510,
GSM760507, GSM760542, GSM760509, GSM760541,
GSM760548, GSM760550, GSM760543, GSM760549)
with normal histology samples. The gene expression profil-
ing GSE63514 was also obtained from GEO database, which
contained 28 cervical squamous epithelial cancer samples
and 24 normal cervical epithelium samples. All samples
were detected through the (HG-U133_Plus_2) Affymetrix
Human Genome U133 Plus 2.0 Array platform.

Data preprocessing, DEMiRs and DEGs identification

The obtained miRNA data were read and pre-processed uti-
lizing the limma package (ver. 3.30.13, http://www.bioco
nductor.org/packages/release/bioc/html/limma.html) in R
language (ver. 3.3.2) by conducting background correction,
conversion of original data and expression levels calculation.
Probes were annotated by the annotation file. If different
probes were mapped to the same gene symbol, the aver-
age value of different probes would act as the final expres-
sion level of gene. We downloaded the raw CEL data and
used the Oligo package (ver. 1.38.0, http://bioconductor.org/
help/search/index.html?q=oligo/) [14] in R language to pre-
process all the data by performing background correction,
normalization, conversion of original data and quartile data
normalization. The probes without matching gene symbols
were filtered out, and the values of the probes corresponding
to one gene were averaged to obtain the final gene expres-
sion value.

The non-paired 7 test method provided by limma package
[15] was utilized for calculating the p values, and then the
Benjamini and Hochberg (BH) method was applied to adjust
the p values [16]. The adjusted p values < 0.05 and llog fold
change (FC)I> 1 were utilized as the threshold for screening
differentially expressed miRNAs (DEMiRs). Meanwhile, the
p values <0.05 and Illog FCI> 1 were used as the threshold
for identifying differentially expressed genes (DEGs).

Enrichment analyses

The target genes of miRNA were retrieved and predicted
by the following 11 tools: miRWalk (http://zmf.umm.
uni-heidelberg.de/apps/zmf/mirwalk2/) [17], Microt4,
miRDB, miRanda, Pictar2, miRMap, PITA, miR-
NAMap, RNAhybrid, RNA22, and Targetscan. The tar-
get genes were selected if they can be predicted by more
than eight retrieval tools among the above 11 tools. The
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miRNA-target and DEGs were matched to obtain the
interaction pairs between DEMiRs and DEGs.

The R package clusterProfiler (ver. 3.2.14, http://bioco
nductor.org/packages/release/bioc/html/clusterProfiler
.html) [18] was utilized to perform the Kyoto encyclopedia
of genes and genomes (KEGG) [19] pathway enrichment
analysis for the miRNAs. The adjusted p values <0.05
were the cut-off criteria for significant results. In addi-
tion, the gene ontology-biological process (GO-BP) [20]
and KEGG pathway enrichment analyses for the DEGs in
the DEMiR-DEG interaction pairs were implemented uti-
lizing the overrepresentation enrichment analysis (ORA)
method provided by the webgestal [21] (http://www.webge
stalt.org/option.php) tool. Here, the p values <0.05 were
regarded as the threshold for significant results.

Regulatory network analyses

The Cytoscape software (ver. 3.6.0) [22] was used to estab-
lish the miRNA—-gene regulatory network according to
the interaction information of DEMiR-DEG. The Search
Tool for the Retrieval of Interacting Genes (STRING) (ver.
10.0) database [23] was carried out to analyze the pro-
tein—protein interactions of DEGs in the DEMiR-DEG
interaction pairs. The DEGs acted as the input gene set,
while the Homo sapiens served as species. The PPI score
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was set as 0.4. Afterwards, the Cytoscape (ver. 3.6.0) soft-
ware was applied to construct the PPI network.

The iRegulon (ver. 1.3, http://apps.cytoscape.org/apps/
iRegulon) plugin [24] in Cytoscape was implemented to
predict and analyze the interaction pairs of transcription
factor (TF)-target gene in the PPI network. The param-
eters were set as follows: 0.001 act as the maximum false
discovery rate on motif similarity, and 0.05 serve as the
minimum identity among orthologous genes. The higher
score of Normalized Enrichment Score (NES) in output
results presented the more reliable results. The TF—target
interaction pairs whose NES > 4 were selected for further
study.

ceRNA network

The IncRNAs associated with miRNA were searched
using the starBase tool (ver. 2.0, http://starbase.sysu.edu.
cn/index.php) [25]. The searching parameters were set as
follows: number of supporting experiments > low strin-
gency (> 1) and number of cancer types (Pan-Cancer) > 1.
Ultimately, the IncRNA-miRNA-target ceRNA network
was established according to the interaction pairs among
IncRAN-miRNA and miRNA-target.
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Fig. 1 PCA analysis for DEMiRs (a) and DEGs (b). Red color stands for the higher expression value, green color stands for the lower expression
value. DEGs differentially expressed genes, DEMiRs differentially expressed microRNAs, PCA principal component analysis
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Results
DEMiRs and DEGs identification

Total 18 DEMiRs were identified, including five up-regu-
lated (e.g., miR-106b-5p) and 12 down-regulated DEMiRs
(e.g., miR-451a, miR-148a-3p). Analogously, total 620
DEGs were obtained, including 286 up-regulated [e.g.,
E2F transcription factor 7 (E2F7)] and 334 down-regulated
DEGs [e.g., epiregulin (EREG)]. The principal component
analysis (PCA) results are presented in Fig. 1. Afterwards,
9200 target genes of the 18 miRNAs were obtained, and
then 216 DEMiRs-DEGs interaction pairs were identi-
fied, including 5 up-regulated DEMiRs, 10 down-regulated
DEMIiRs, 57 up-regulated and 43 down-regulated DEGs.

Enrichment analysis

DEMiRs in the DEMiRs-DEGs pairs were enriched in 35
KEGG pathways (Fig. 2), such as beta-alanine metabo-
lism, cysteine and methionine metabolism, and arginine
and proline metabolism. Notably, miR-451a was enriched
in the PI3K—Akt signaling pathway (Fig. 2). Up-regulated
DEGs in the DEMiRs—-DEGs pairs were enriched in five
KEGG pathways, such as cell cycle, glutathione metabo-
lism and leishmaniasis (Table 1). Down-regulated DEGs
in the DEMiRs—DEGs pairs were enriched in seven KEGG
pathways, such as prostate cancer, AGE-RAGE signal-
ing pathway in diabetic complications, and ascorbate and
aldarate metabolism (Table 1). Besides, the top ten enriched
functions for up-regulated DEGs are listed in Table 2a, such
as mitotic cell cycle process, mitotic nuclear division, and
mitotic cell cycle. We found that E2F7 was enriched in
the function of DNA replication in this study. The top ten
enriched functions for down-regulated DEGs are listed in
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Fig.2 KEGG pathway bubble diagram for DEMiRs. The darker color indicates the smaller p value. The bigger bubble indicates the significant
pathway. KEGG Kyoto encyclopedia of genes and genomes, DEMiRs differentially expressed microRNAs
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Table 1 KEGG pathway analysis for DEGs

Term Description Count p value

Overlap gene

Up-regulated DEGs

hsa04110 Cell cycle 119 8.79x 1074
hsa00480 Glutathione metabolism 45 1.20x1072
hsa05140 Leishmaniasis 60 2.07x1072
hsa04115 P53 signaling pathway 67 2.54%1072
hsa00982 Drug metabolism—cytochrome P450 46 4.68x1073
Down-regulated DEGs
hsa05215 Prostate cancer 87 1.60x 1072
hsa04933 AGE-RAGE signaling pathway in diabetic complications 99 2.05x1072
hsa00053 Ascorbate and aldarate metabolism 13 291x1072
hsa04550 Signaling pathways regulating pluripotency of stem cells 135 3.64x1072
hsa00040 Pentose and glucuronate interconversions 18 4.01x1072
hsa04921 Oxytocin signaling pathway 149 436x1072
hsa00592 Alpha-linolenic acid metabolism 20 4.45x1072

DBF4, CHEK1, CDC6, CDC25B
RRM2, SMS

MARCKSLI, STAT1

CHEK1, RRM2

FMO2, UGT2B17

AR, CCND1

F3, CCND1
UGT2B17

ISL1, KLF4

UGT2B17
PLA2G4A,
PLA2G4A

CCND1

KEGG Kyoto encyclopedia of genes and genomes, DEGs differentially expressed genes

Table 2b, such as epidermis development, skin development, DEMIR-DEG regulatory network

and epidermal cell differentiation. In particular, we found

that EREG was enriched in the function of angiogenesis. There were 120 nodes and 216 interaction pairs in the
DEMIiR-DEG regulatory network (Fig. 3a). The top ten
DEMiRs and DEGs are presented in Table 3a, b. Here,
miR-106b-5p has the greatest degree in the DEMiR-DEG
regulatory network. EREG and E2F7 were regulated by

Table 2 The top ten GO-BP
function analyses for DEGs

Term Description Count  p value Overlap gene

(a) Up-regulated DEGs
GO:1903047  Mitotic cell cycle process 843  3.89x1071° DBF4, CHEKI, etc
GO:0007067 Mitotic nuclear division 409 1.60x10™°  CHEKI, CDC6, etc
GO0:0000278  Mitotic cell cycle 924 170107  DBF4, CHEKI, etc
GO0:0000280 Nuclear division 539  4.57x107°  CHEKI, CDC6, etc
GO:0000910  Cytokinesis 117  8.60x10™°  E2F7, CDC6, etc
GO:0048285  Organelle fission 579  1.14x107%  CHEKI, CDCS, etc
GO:0000281 Mitotic cytokinesis 30 6.83x107®  KIF4A, ANLN, etc
G0:0022402  Cell cycle process 1225 1.37x1077  DBF4, CHEKI, etc
GO0:0061640 Cytoskeleton-dependent cytokinesis 38 2.35x1077  KIF23, CDC6, etc
GO0:0051301  Cell division 518 242x1077  E2F7, CDC6, etc

(b) Down-regulated DEGs
GO0:0008544  Epidermis development 263 438%107® EMPI, EREG, etc
GO:0043588  Skin development 210 1.53x1075  EREG, PPL, etc
GO0:0009913  Epidermal cell differentiation 151 4.17%10™>  EREG, PPL, etc
GO0:0048730 Epidermis morphogenesis 30 6.25x107°  TMEM79, KLF4, etc
GO0:0030216  Keratinocyte differentiation 105 1.53%10™*  EREG, PPL, etc
GO0:0030855 Epithelial cell differentiation 520 3.32x10™*  EREG, AR, etc
GO0:0033327 Leydig cell differentiation 11 3.56x10~™* AR, CCNDI, etc
GO0:0061180 Mammary gland epithelium development 60 4.99x10™* AR, CCNDI, etc
GO0:0060749 Mammary gland alveolus development 16  7.70x10™* AR, CCNDI, etc
GO0:0061377 Mammary gland lobule development 16  7.70x10™* AR, CCNDI

DEGs differentially expressed genes, GO-BP gene ontology biological process
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Table 3 The top ten DEMiRs/DEGs in the regulatory network

Nodes Degree Description

(a) DEMiRs in the DEMiR-DEG regulatory network
hsa-miR-106b-5p 38 Up
hsa-miR-93-5p 34 Up
hsa-miR-15b-5p 23 Up
hsa-miR-16-5p 19 Up
hsa-miR-203a 17 Down
hsa-miR-494-3p 15 Down
hsa-miR-148a-3p 13 Down
hsa-miR-125b-5p 11 Down
hsa-miR-370-3p 8 Down
hsa-miR-188-3p 7 Down

(b) DEGs in the DEMiR-DEG regulatory network
RAPGEFL1 7 Down
KIF23 7 Up
FNDC3B 6 Up
U2SURP 6 Up
RACGAP1 6 Up
CCND1 5 Down
AR 5 Down
PFN2 5 Up
SLC16A6 4 Down
SLC24A3 4 Down

DEGs differentially expressed genes, DEMiRs differentially expressed
microRNAs

miR-451a and miR-148a-3p, respectively (Fig. 3a). The PPI
network was constructed and is showed in Fig. 3b. A total
of 43 nodes and 136 interaction pairs were contained in the
PPI network. The top ten DEGs are presented in Table 3b.
In addition, seven TFs were predicted in the PPI network
by the iRegulon software. Then 133 regulatory interaction
pairs of TFs—target were obtained, including 32 up-regulated
and six down-regulated targets. The TF—-target regulator net-
work is shown in Fig. 3c. Here, E2F7 was identified in the
TF-target regulatory network, regulating cell division cycle
protein 6 (CDC6).

ceRNA network

A total of 45 IncRNA-miRNA interaction pairs were
obtained through the starBase tool. MiR-148a-3p was inter-
acted with IncRNA HOTAIR in our study. Furthermore, 11
DEMIiRs simultaneously associated with IncRNAs and target
genes were screened, of these, five were up-regulated (e.g.,
E2F7) and six were down-regulated. Moreover, 15 IncR-
NAs and 90 DEGs (including 48 up-regulated and 42 down-
regulated DEGs) were also obtained. The ceRNA network
is shown in Fig. 4.

Discussion

Totally, 18 DEMiRs and 620 DEGs were identified in this
study. DEMiRs were enriched in 35 KEGG pathways, such
as PI3K-Akt signaling pathway (involving miR-451a).
DEGs were enriched in various functions, such as DNA
replication (involving E2F7) and angiogenesis (involving
EREG). There were 120 nodes and 216 interaction pairs in
the DEMiR-DEG regulatory network, and miR-106b-5p
has the greatest degree. EREG and E2F7 were regulated
by miR-451a and miR-148a-3p, respectively. Besides, E2F7
was identified in the TF—target regulatory network, regulat-
ing CDC6. There were 15 IncRNAs, 11 DEMiRs and 90
DEGs in the ceRNA network. Specially, miR-148a-3p was
interacted with IncRNA HOTAIR in the ceRNA network.

To the best of our knowledge, angiogenesis promotes the
metastasis, growth and development of cancers [26]. It has
been demonstrated that enhanced angiogenesis is closely
related to the metastasis and development of cervical cancer
[27, 28]. Recently, A-kinase interacting protein 1 has been
found to play crucial parts in cervical cancer angiogenesis
via increasing the expressions of C—X—C motif chemokine
ligand 1 (CXCLI), CXCL2, and CXCLS [29]. These results
suggested that genes associated with the cervical cancer
angiogenesis might be related to the cervical cancer devel-
opment. EREG was down-regulated in cervical cancer sam-
ples and enriched in the angiogenesis function in this study.
Therefore, we speculated that EREG was likely to be related
to the cervical cancer progression via regulating the angio-
genesis process.

It has been uncovered that miR-451 plays a vital role
in a variety of human cancers, such as bladder cancer and
osteosarcoma [30-32]. Nevertheless, the role of miR-451
in cervical cancer has not been explored. MiR-451a was
down-regulated in cervical cancer samples and enriched in
the PI3K—-Akt signaling pathways in this study. PI3K—Akt
signaling pathway has pivotal roles in the proliferation,
apoptosis and autophagy of cervical cancer cells [33, 34].
Recently, Li et al. indicate that S100 calcium binding pro-
tein A6 facilitates the migration and proliferation of cer-
vical cancer cells by the activation of PI3K—Akt signaling
pathway [35]. Nuclear factor 90 facilitates the angiogenesis
of cervical cancer by regulating hypoxia inducible factor 1
alpha subunit/vascular endothelial growth factor A expres-
sion through participating in the PI3K—Akt signaling path-
way [36]. These findings suggested that PI3K—Akt signaling
pathway may participate in the cervical cancer progression.
In addition, we found that EREG was regulated by miR-
451a, which might participate in the cervical cancer progres-
sion. Thus, miR-451a was likely to be related to the cervical
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cancer progression by regulating the PI3K—Akt signaling
pathway and EREG.

Here, E2F7 was up-regulated in cervical cancer samples
and enriched in the function of DNA replication. It has been
showed that DNA replication affects cell proliferation, tumo-
rigenesis and progression [37, 38]. Liu et al. reveal that the
up-regulation of sine oculis homeobox homolog 1 contrib-
utes to the invasive growth, tumorigenesis, and progression
of cervical cancer via facilitating DNA replication [39]. In
this case, the up-regulation of E2F7 might participate in
the cervical cancer development via modulating DNA rep-
lication function. Intriguingly, E2F7 was identified in the
TF-target regulatory network, regulating CDC6 gene. CDC6
expression is significantly related to the metastasis and inva-
sion of cervical cancer [40]. Therefore, E2F7 was likely to
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Fig.4 The ceRNA regulatory network for DEMiRs, DEGs and IncR-
NAs. Orange triangles and green arrows represent the up-regulated
DEMiRs and down-regulated DEMiRs, respectively. Pink rounds and
light blue quadrangles represent up-regulated and down-regulated
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be associated with the cervical cancer development through
regulating the expression of CDC6.

Numerous studies have revealed that miR-106b partici-
pates in the regulation of migration and invasion in a variety
of human cancers, such as melanoma [41-43]. MiR-106b
overexpression regulated by transforming growth factor beta
1 dramatically contributes to the cell migration in cervical
cancer by targeting DAB2 [44]. MiR-106b is involved in the
regulation of EMT processes of cervical cancer cell lines
HeLa and SiHa [45]. Gao and his colleagues demonstrate
that miR-106b-5p expression is higher in cervical cancer
samples compared with normal samples [46]. Here, the
miR-106b-5p was up-regulated in cervical cancer samples
and has the greatest degree in the DEMiR-DEG regulatory
network. These results revealed that miR-106b-5p might be
related to the cervical cancer development.

TMEM255A
ACVRIC
CKS1B

UGT2B17

SLE5A1
co0e69

DEGs, respectively. Mazarine squares represent IncRNAs. The size of
nodes stands for the nodes degree, and the large nodes have higher
degrees. DEMIRs differentially expressed microRNAs, DEGs differ-
entially expressed genes, [ncRNAs long non-coding RNAs
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LncRNA HOTAIR up-regulation is found in cervical
cancer cells [11]. The elevated expression of IncRNA
HOTAIR facilitates the growth of cervical cancer cell
through promoting the BCL2 expression regulated by
miR-143-3p [47]. The up-regulation of IncRNA HOTAIR
contributes to the metastasis and proliferation of cervical
cancer by competitively binding miR-23b and regulating
mitogen-activated protein kinase 1 (MAPKI) [48]. Here,
miR-148a-3p was down-regulated in cervical cancer sam-
ples and interacted with IncRNA HOTAIR in our study.
E2F7 was up-regulated in cervical cancer samples and reg-
ulated by miR-148a-3p. Hence, LncRNA HOTAIR might
function as a ceRNA via sponging with miR-148a-3p to
up-regulate E2F7 expression.

Conclusion

In summary, E2F7, EREG, miR-451a and miR-106b-5p
were likely to be related to the cervical cancer develop-
ment. These molecular markers might be useful for an
early diagnosis and prognosis of cervical cancer. However,
the predicted results cannot be verified by laboratory data,
and further detailed investigation should be required.
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