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Summary

Purpose: The objective of this study was to predict potential target genes and key miRNAs for cervical intraepithelial neoplasia (CIN)
by bioinformatics analysis. Materials and Methods: The microarray data of GSE51993 were downloaded from Gene Expression Omnibus
(GEO) database. Total 30 chips data from two platforms (each platform including eight CIN III samples data and seven normal cervix
samples data) were used to identify the feature miRNAs and genes between CIN III and normal samples, respectively. Then the miRNA-
mRNA regulatory network was constructed using Cytoscape software. Gene Ontology (GO) function and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analysis were performed for all target genes with the Database for Annotation, Visualization
and Integrated Discovery (DAVID) online tool. Transcription factors (TFs) and cancer-related genes were analyzed. Results: Total 21 pu-
tative target miRNAs and 361 putative target mRNAs were gained. The miRNA-mRNA regulatory network results showed that miR-338-
5p, miR-193a-5p, and miR-216b were top three hub nodes. GO terms significantly enriched were extracellular region (p = 0.004191) and
embryonic skeletal system (p = 0.004742). No significantly enriched KEGG pathway term was found in this study. PBXI (pre-B-cell
leukemia transcription factor 1) and LAMC?2 (laminin subunit gamma-2) were cancer-promoting genes and also, PBX1 was TF. Conclu-

sions: PBX1 and LAMC2 may be target genes for CIN. MiR-338, and miR-216 may be key miRNAs in CIN development.
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Introduction

Cervical cancer, the malignant neoplasm of the cervix
uteri, is the second most common cancer among women
worldwide [1]. Cervical intraepithelial neoplasia (CIN) is
considered a precursor of cervical cancer. Development of
cervical cancer goes through several premalignant stages,
from low-grade CIN (CIN I) through high-grade CIN (CIN
11/ I1I) to cervical cancer [2]. These lesions have the ability
to progress from hyperplasia to cervix, to preinvasive car-
cinoma, and ultimately to invasive carcinoma [3]. There is
a general agreement that either ablation or excision of CIN-
II, IIT could reduce the incidence and mortality caused by
invasive cervical cancer in women with these lesions [4].

Numerous studies have been obtained in exploring the
pathological mechanism underlying CIN development. Mi-
croRNA (miRNA) has been found to play a key role in the
CIN progression. MiRNAs are a class of 19 to 23 nu-
cleotide single-stranded RNA molecules [5] and are epige-
netic factors that regulate cell proliferation, tumor cell
growth, cancer formation, and metastasis by regulating
tumor suppressor genes or oncogenes [6]. Martinez et al.
reported that miR-218 levels in patients with high-risk CIN
were lower than those with low-risk CIN and therefore,
downregulated miR-218 may be involved in the pathogen-
esis of cervical cancer [7]. In addition, tumor suppressor
genes such as p16 and retinoblastoma proteins played roles
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in the neoplastic changes of CIN [8]. Previous studies
showed that vascular endothelial growth factor (VEGF) ex-
pression was associated with the progression of CIN [9].
Using microarray gene expression data and bioinformatic
analysis, Prashant et al. suggested that transcription factor
(TF) family E2F played an important role in cervical car-
cinogenesis [10]. Moreover, apolipoprotein A1, a truncated
form of transthyretin and a cleavage fragment of inter-o-
trypsin inhibitor heavy chain H4 were identified to be po-
tential biomarker [11]. Although many factors have been
found in CIN development, the pathogenic mechanisms of
CIN are still not clearly demonstrated, and it is lack of ef-
fective markers for CIN treatment.

In this study, the authors applied biological informatics
methods to identify the feature genes and miRNAs between
CIN III and normal samples. Additionally, the miRNA-
mRNA regulatory network was constructed and the func-
tional enrichment analysis was performed. The authors
aimed to explore the molecular mechanism and discover
the potential target genes and key miRNAs of CIN.

Materials and Methods

Microarray data

The data of GSE51993, which was deposited by Mo et al. on
2013, were downloaded from GEO (Gene Expression Omnibus)
(http://www.ncbi.nlm.nih.gov/geo/) database based on the plat-
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form of GPL8179 (Human v2 microRNA expression beadchip)
and GPL10558 (Human HT-12 V4.0 expression beadchip). Total
30 chips data from platforms of GPL8179 (15 chips data) and
GPL10558 (15 chips data) were used for the development of the
genome wide expression profiles of both miRNAs and mRNAs
data, including eight CIN III samples data and seven normal
cervix samples data, respectively. The data were normalized with
robust multi-array average (RMA) [12] algorithm and subjected
to logarithmic transformation.

Feature miRNAs and genes analysis

Probe sets were mapped to miRNAs and genes, respectively.
Nonspecific probes were filtered. When multiple probe sets were
mapped to the same miRNA or gene, the average expression value
was calculated to represent the miRNA or gene expression level.

The feature miRNAs and genes between CIN samples and nor-
mal samples were analyzed. At first, interquartile range (IQR) [13]
was used to filter miRNAs or genes based on gene expression lev-
els distribution. All miRNAs or genes whose variability less than
1/5 overall IQR were eliminated. Then, ANOVA analysis was per-
formed, and feature miRNAs or genes were filtered based on ran-
dom forest [14].

TaLasso online analysis and miRNA-mRNA regulatory network

The TaLasso is both website (http://talasso.cnb.csic.es/) and the
algorithm [15]. It has been tested with two datasets with matched
miRNA and mRNA expression data.

The authors converted names of mRNAs and miRNAs which
were screened from gene expression data into ensemble names.
Then, data without ensemble name were deleted and the remain-
ing data of mRNAs and miRNAs were put into TaLasso. The union
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Figure 1. — Regu-
latory network of
miRNAs and their
target genes. Yel-
low nodes repre-
sent miRNAs; red
nodes represent
target genes related
to miRNA.

of TarBase, miRecords, and miRWalk databases [15] were used
for putative target genes. Cytoscape [16] is a software for visual-
izing complex networks and integrating networks between genes.
With the application of Cytoscape software, the miRNA-mRNA
regulatory network was constructed with these target genes.

Functional enrichment analysis

Gene Ontology (GO) database [17] is a collection of a large
number of gene annotation terms. Kyoto Encyclopedia of Genes
and Genomes (KEGG) knowledge database [18] is applied to
identify the functional and metabolic pathway. Database for An-
notation, Visualization and Integrated Discovery (DAVID) [19] is
a gene functional enrichment analysis tool to understand the bio-
logical meaning for investigators. GO and KEGG pathway en-
richment analysis were conducted with DAVID. A p-value < 0.05
was the cut-off criterion for the gene enrichment analysis.

Transcription factors and cancer related genes analysis

The Transcription Factors Database (TFD) [20] is a specialized
database focusing on TFs and their properties. TFs, the target
genes, were selected and identified from target genes based on
TFD.

The tumor-associated gene (TAG) database [21] (http://
www.binfo.ncku.edu.tw/TAG/) is designed to utilize information
from well-characterized oncogenes and tumor suppressor genes to
facilitate cancer research. Tumor suppressor genes (TSG) database
[22] is a literature-based resource of tumor suppressor by inte-
grating genomic data of mutations, gene expressions, regulations,
methylations, and interactions. The cancer-promoting genes were
extracted from TAG database, and tumor suppressor genes were
extracted from TAG database and TSG database.
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Table 1. — Gene ontology analysis.

GO category GO GO term
ontology

Observed p-value

GO0:0005576 CC Extracellular region 57 0.004191

GO:0048706 Bp  Lmbryonic skeletal 0.004742
system development

GO:0006959 Bp  1lumoral immune 0.005376
response

GO:0048562 Bp  Lmbryonic organ 0.005796
morphogenesis

GO:0045087 Bp \nnate immune 9 0.0072
response

Note: CC: cellular component; BP: biological process.
Observed: number of the observed target genes in the category.

Results

Feature miRNAs and genes selection

Total 25 feature miRNAs were selected, including hsa-
miR-338-5p, hsa-miR-193a-5p, hsa-miR-216b, hsa-miR-204,
hsa-miR-21*, hsa-miR-887, hsa-miR-323-3p, hsa-miR-887,
hsa-miR-1294, and so on.

Total 1,143 feature mRNAs were selected, including pre-
B-cell leukemia transcription factor 1 (PBX1), laminin sub-
unit gamma-2 (LAMC?2), FBJ murine osteosarcoma viral
oncogene homolog (FOS), chromodomain helicase DNA
binding protein 1-like (CHD1L), chemokine (C-C motif)
ligand 28 (CCL28), nicotinamide nucleotide transhydroge-
nase (NNT), nuclear receptor subfamily 0, group B, mem-
ber 1 (NROB1), and so on.

TaLasso online analysis and miRNA-mRNA regulatory net-
work

For putative target miRNAs and genes, 21 miRNAs and
361 mRNAs were gained. The miRNA-mRNA regulatory
network was established with the 596 unique miRNA-tar-
get gene pairs (Figure 1). The degree of each miRNA in the
network was then calculated and the top six were hsa-miR-
338-5p (42), hsa-miR-193a-5p (38), hsa-miR-216b (37),
hsa-miR-887 (35), hsa-miR-204 (35), and hsa-miR-21*
(35).

Functional enrichment analysis

GO enrichment analysis were carried out for all target
genes. The top five GO terms are shown in Table 1. The
most significant term of cellular component (CC) was ex-
tracellular region (p = 0.004191), and that of biological
process (BP) was embryonic skeletal system (p =
0.004742).

Transcription factors and cancer related genes analysis
In this study, 15 target genes, such as PBX1, homeobox
D9 (HOXD9), homeobox B8 (HOXBS), and hepatocyte
nuclear factor 4, gamma (HNF4G), were TFs. Five cancer-
promoting genes including PBX1, LAMC2, FOS, CHDIL,

and spalt-like transcription factor 4 (SALL4), as well as 14
tumor suppressor genes such as protein tyrosine phos-
phatase, non-receptor type 6 (PTPN6), microseminoprotein
(MSMB), lactotransferrin (LTF), and histidine triad nu-
cleotide binding protein 1 (HINT1) were detected.

Discussion

CIN is the leading cause of death among gynecological
malignancies and represents the second-leading cause of
cancer-related deaths in women worldwide [23]. Regard-
less of the fact that some genes have been reported in the
progression of CIN or cervical cancer, there is a lack of de-
tailed molecular pathogenesis mechanism. In this study, the
authors identified the feature miRNAs and mRNAs be-
tween normal cervix samples and CIN III samples using
bioinformatics analysis. Total 21 putative target miRNAs
and 361 putative target genes were identified. TF analysis
results showed that 15 TFs were associated with the regu-
lation of CIN. Among these factors, PBX/ and LAMC2
were cancer-promoting genes. The miRNA-mRNA net-
work was constructed, and miR-338-5p, miR-193a-5p, and
miR-216b were hub nodes in this regulatory network.

PBX1I encodes a nuclear protein that belongs to the PBX
homeobox family of transcriptional factors. PBX was a
cofactor for HOX-class homeobox proteins [24]. Previ-
ous studies had shown that HOX and PBX genes were in-
volved in oncogenic processes, such as chromatin
binding, cell cycle control, proliferation, apoptosis, an-
giogenesis, and cell-cell communications [25-28].
Richard et al. reported that disrupting the interaction be-
tween HOX proteins and their co-factor PBX will retard
tumour growth in vivo [24]. Thus, HOX/PBX interaction
may be a potential target in cervical cancer therapy. In this
study, PBX1 was a feature gene and cancer-promoting
gene, suggesting that it was possibly involved in onco-
genic processes in the CIN. The miRNA-mRNA regula-
tory network results also showed that PBX1 was regulated
by miR-193a-5p which was the second hub node in the
network. Previous study found that miR-193 regulated
cell growth through the transforming growth factor-
B (TGF-B) pathway by regulating Smad3 in glioma [29].
In addition, Chen et al. reported that miR-193b, another
member of the miR-193 family, repressed cell prolifera-
tion and regulates cyclin D1 expression in melanoma [30].
Taking these factors into account, the present authors sug-
gested that PBX] may play an important role in CIN de-
velopment and miR-193a-5p targeting PBX/ expression
may be a critical event in CIN development. As well as
PBXI1, LAMC? is a cancer-promoting gene. It belongs to
the laminin family, which is an epithelial basement mem-
brane protein. It has been shown that LAMC2 was in-
volved in a wide variety of biological processes including
cell adhesion, differentiation, migration, and tumor inva-
sion [31-33]. Immunohistochemical analysis revealed that
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LAMC?2 protein was highly expressed in cervix carcino-
mas [34] and was a marker to predict the risk of progres-
sion of CIN lesions [35]. Therefore, LAMC2 may be a
key gene in CIN development.

Aside from miR-193a-5p, several other miRNAs such as
miR-338 and miR-216b may be important in the develop-
ment of CIN. It was reported that miR-338 suppressed the
gastric cancer progression through PTEN-AKT signaling
by targeting phosphatidylinositol-3,4,5-trisphosphat e-de-
pendent Rac exchange factor 2 (P-REX2a) [36], as well as
its role as a suppressor of the Smoothened-independent sig-
naling pathways [37]. Furthermore, miR-216b was reported
to suppress tumor growth and invasion by targeting KRAS
(kirsten rat sarcoma viral oncogene homolog) in nasopha-
ryngeal carcinoma [38]. Kim ef al. showed that miR-216b
promoted cellular senescence through the p53—
p21CPVWARL nathway in colon cancer [39]. In this study,
miR-338 and miR-216b were hub nodes in miRNA-mRNA
regulatory network. Thus, the present authors speculated
that miR-338 and miR-216b may be key regulators in CIN
development.

In order to predict potential target genes for CIN treat-
ment, only CIN III and normal samples, not CIN II or CIN
I, were analyzed. In conclusion, the genes of PBX/ and
LAMC?2 may play an important role in CIN development.
These genes showed potential perspective in treatment of
CIN. MiR-338 and miR-216 may be the key miRNAs in
CIN development. They may be used to predict the risk of
progression of CIN lesions. However, further experiments
are still needed to confirm the present results.
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