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Background: Aberrant gene expression, including protein-coding and
non-coding genes (like long non-coding RNA, IncRNA), is associated
with cervical cancer development. To reveal the possible molecu-
lar mechanisms of cervical carcinogenesis, this study conducted high
throughput sequencing along with a bioinformatics analysis. Meth-
ods: The differentially expressed IncRNAs and mRNAs were assessed
using a microarray technique in three pairs of cervical cancer and
paracancerous tissues and analyzed using the Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway an-
notations. Their co-expression profiles, containing 653 nodes and
400 edges, were constructed and analyzed using Pearson's corre-
lation and IncRNA-mRNA co-expression network analyses. Results:
There were 242 IncRNAs and 169 mRNAs upregulated and 1204 IncR-
NAs and 1131 mRNAs downregulated in cervical cancer (fold change
>2 or <-2; p < 0.05). The KEGG pathway analytic data showed
that these differentially expressed mRNAs were primarily enriched
in the ubiquitin-mediated proteolysis and cancer pathways. The
differentially expressed cis-targeted IncRNAs were associated with
the TGF-3 signaling and cell adhesion molecules, while the trans-
targeted IncRNAs were related to ps53 signaling. Functional analysis
of the integrated mRNA-IncRNA co-expression networks were linked
to autophagy, regulation of vascular genesis, transcriptional repres-
sor complex, and regulation of gene expression. Conclusions: These
differentially expressed IncRNAs and mRNAs could be associated
with cervical cancer development and/or progression.

Keywords

Cervical cancer; Long non-coding RNA; Microarray; Pathway analysis; Co-
expression network

1. Introduction

Cervical cancer is the second leading cause of morbidity
and mortality among all gynecological malignancies [1]. Ap-
proximately 95% of cervical cancer is caused by infection with
a high-risk persistent human papillomavirus (HR-HPV) [2],
including 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68,
69, and 82 HR-HPV subtypes [3]. Molecularly, cervical car-
cinogenesis, like most other human cancers, is mainly related
to the activation of oncogenes or deactivation of tumor sup-
pressor genes, which may also involve the integration of vi-
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ral DNA with genomic DNA of human chromosome [4, 5].
Over the past 60 years, the simple and economic Papani-
colaou (Pap) smear and cervical cytology have been widely
used in the early detection of cervical cancer [5]. Traditional
chemotherapy and radiotherapy are by far the most common
treatments for advanced cervical cancer, but present serious
side effects [6, 7]. Thus, research on the pathogenesis and bi-
ological functions are urgently needed for the early detection,
treatment, and monitoring of cervical cancer.

Genetically, more than 70% of the human genome se-
quences has been transcribed into non-coding RNAs (ncR-
NAs) [8]. Long non-coding RNAs (IncRNA), a class of RNA
molecules with transcripts longer than 200 nucleotides (nt),
have shown to play an important role in human cancer devel-
opment and progression via the epigenetic, transcriptional,
and post-transcriptional regulation of protein-coding genes
[9]. In general, the molecular mechanism of IncRNA can be
categorized in four aspects, i.e., signals, decoys, guides, and
scaffolds [10]. LncRNA interacts with DNA, RNA, and pro-
teins to affect the formation and function of the secondary
and tertiary structures of these molecules. When localized in
the nucleus, IncRNAs can guide chromatin-modifying com-
plexes or transcription factors, while in the cytoplasm, it can
control the stability of mRNA or compete with endogenous
mRNA for protein expression mechanisms [11]. miRNAs
can also downregulate expression of target gene mRNA in cy-
toplasm by binding to the seed region of the three prime un-
translated region (3’-UTR). LncRNAs can compete for large
numbers of miRNAs in the cells, acting like a sponge and
reducing or interfering with the ability of the target gene
mRNA to encode proteins. Recently, there is growing evi-
dence that shows that IncRNAs and miRNAs possess partic-
ular expression in cervical cancer and different pathophysio-
logical stages of tumor growth, confirming the involvement
of certain IncRNAs in cervical carcinoma [12-16]. Despite
these findings, the expression patterns, targets, and functions
of IncRNAs involved in the pathogenesis of cervical cancer
remain largely unknown. Therefore, further research is of
great importance.
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Table 1. Clinical characteristics of the specimens used for microarray analysis.

Sample ID Histologic diagnosis Group
Ctl_1_NS Normal N_1
Ctl_2_NS Normal N_2
Ctl_3_NS Normal N_3
S369_TN_3_NS SCC SCC-1
S372_TN_2_NS SCC SCC-2
S102_TN_5_NS Adenocarcinoma Adenocarcinoma-1

MTMR3, a member of the myotubularin family, is an in-
ositol lipid 3-phosphatase that can hydrolyze PtdIns3P (PI3P)
[17]. PI3P is required for the process of autophagy [18].
Some studies have reported that the suppressive effect of
MTMR3 on PI3P can inhibit autophagosome formation [19].
Nevertheless, whether MTMR3 is involved in the regulation
of cervical cancer has not been elucidated. Recently, both
IncRNA and mRNA have been identified as a new class of
gene expression regulators [20], although the functions of
most IncRNAs remain to be elucidated. In contrast, the alter-
ation and function of some differentially expressed mRNAs
have also been recognized in cervical cancer. In this study,
we assessed the differentially expressed IncRNA in cervical
cancer tissue samples using microarray analysis and analyzed
the IncRNA-mRNA network to explore the possible molec-
ular mechanisms of cervical carcinogenesis.

2. Materials and methods
2.1 Patients and tissue samples

In this study, we collected three pairs of invasive cer-
vical cancer tissues (S102_TN_5_NS, S369_TN_3_NS,
S372_TN_2_NS) and paracancerous tissues (Ctl_1_NS,
Ctl_2_NS, and Ctl_3_NS) from the Obstetrics and Gyne-
cology Hospital of Fudan University (Shanghai, China).
These patients were histologically diagnosed with squamous
cervical carcinoma (SCC) or adenocarcinoma and classified
according to the National Comprehensive Cancer Network
(NCCN) criteria [21]. Immunohistochemical results showed
that these tumor tissues were CK7(+), P16(+), and Ki-67(+).
The clinical characteristics of these cases are shown in
Table 1. Tissue specimens were collected from the surgery
room and snap-frozen for RNA isolation (see next subsec-
tion). This study was approved by the Ethics Committee of
the Obstetrics and Gynecology Hospital of Fudan University
(2018-11).

2.2 RNA isolation and purification

Total RNA was isolated using a RNAiso Plus kit (cat.
#9109; Takara Bio, Kusatsu, Shiga Prefecture, Japan) ac-
cording to the manufacturer’s instructions, quantified using
a spectrophotometer, and then analyzed with an Agilent Bio-
analyzer 2100 (Agilent Technologies, Santa Clara, CA, USA)
for RNA integrity. The resulting RNA samples were fur-
ther purified with the NucleoSpin RNA Clean-up XS kit
(Macherey Nagel, Strabe, Germany) and RNase-free DNase
set (Qiagen, GmBH, Germany) according to the manufactur-
ers’ protocols.
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2.3 ceRNA array and analysis

Six human ceRNA arrays (4 x 180 K) were purchased
from Shanghai Biotechnology Corporation (SBC; China)
and used for the microarray analysis of these tissue samples.
In brief, the quantified and quality-controlled RNA samples
(see above) were labeled using the Low Input Quick Amp
Labeling Kit, One-Color (Agilent Technologies) as probes
following the kit’s instructions. The labeled cRNA samples
were purified using a Qiagen RNease Mini kit and then
hybridized to the ceRNA microarray slides in a hybridization
oven (Agilent Technologies) overnight (1.65 g Cy3-labeled
cRNA for each reaction) using the Gene Expression Hy-
bridization Kit (Agilent Technologies), according to the
manufacturer’s instructions. After that, the microarrays
were intensively washed with the washing buffer from the
Wash Buffer Kit (Agilent Technologies) following the kit’s
protocol. In the end, the microarrays were scanned using
the Agilent Microarray Scanner to collect data. For data
analysis, Agilent Technologies (Shanghai Biotechnology
Corporation) helped us to extract and analyze the scanned
microarray data using the Feature Extraction software 12.0
(Agilent Technologies, https://www.agilent.com.cn/zh-cn/
product/mirna-microarray-platform/mirna- microarray-s
oftware/feature-extraction-software-228496) and limma
software packages in the R program. The raw data were
normalized using the Quantile algorithm with the limma
packages. Changes in gene expression level with a fold-
change of >2 or <0.5 were used as a cut-off value for the
differentially expressed IncRNAs or mRNAs (upregulated
vs. downregulated) in cervical cancer vs. normal tissues.

2.4 Gene ontology (GO) and pathway analysis

The microarray data of differentially expressed IncRNAs
and mRNAs in cervical cancer tissues vs. normal ones were
first analyzed using the GO database (http://www.geneonto
logy.org/) for their functional categories as the specific bi-
ological GO terms [22]. Then, we performed the pathway
analyses of the differentially expressed IncRNAs and mR-
NAs using the Kyoto Encyclopedia of Genes and Genomes
(KEGG) database, assisted by the Shanghai Biotechnology
Corporation, to examine their potentially related gene path-
ways in cervical cancer tissues vs. normal ones.
2.5 Prediction and evaluation of the corresponding
IncRNAs-targeting mRNAs

We further predicted and evaluated the targeting mRNAs
of the differentially expressed IncRNAs for their cis/trans-
regulatory effects on mRNAs. Specifically, cis-targeted mR-
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NAs were considered as targets of IncRNAs when the mRNA
genes were localized within 10 kb of the paired IncRNAs,
while trans-targeting occurred when IncRNAs contained the
specific gene sequences. After selecting the complementary
or similar gene sequences paired with IncRNAs using the Ba-
sic Local Alignment Search Tool (BLAST) online software,
we calculated the RNA duplex energy level between the two
sequences using the RNA duplex energy parameter of <-30.

2.6 Analysis of the IncRNA-mRNA co-expression networks

To assess the relationship between IncRNAs and mR-
NAs, we conducted the IncRNA-mRNA co-expression net-
work analysis of differently expressed IncRNAs (total of
1446, including 242 upregulated and 1204 downregulated)
and mRNAs (total of 1300, including 169 upregulated and
1131 downregulated) using Pearson’s correlation coefficients
(PCCs). The IncRNA-mRNA co-expression network was
constructed by Cytoscape software (Version 3.7.1; The Cy-
toscape Consortium, San Diego, CA, USA) and analyzed sta-
tistically. Correlation with a value of —0.99 > x > +0.99 be-
tween IncRNAs and mRNAs expression levels was consid-
ered meaningful. Overall, we obtained a total of 653 nodes
and 400 edges to be included in the network analysis.

2.7 Reverse transcriptase-quantitative polymerase chain reaction
(RT-gPCR)

To verify the microarray data, we selected 15 mRNAs
and 10 IncRNAs randomly and assessed their expression lev-
els in three cases of cervical cancer and normal tissue spec-
imens using RT-qPCR. Total RNA was isolated from tis-
sue samples and reversely transcribed into cDNA using an
RNAiso Plus kit (Takara) and HiScript Il Q RT SuperMix
(Vazyme Biotech, Nanjing, China), respectively, according to
the kits’ instructions. These cDNA samples were subjected
to qPCR amplification using the SYBR Green RT RCP mas-
ter mix (Genetech, Shanghai, China) with specific primers in
27900 HT Sequence Detection System (Applied Biosystems,
Foster City, CA, USA). The primers of mRNAs and IncR-
NAs were designed and synthesized by Sinotech Genomics
(Shanghai, China) and are listed in Table 1. The relative fold-
change of each mRNA and IncRNA was calculated using the
2~ AAC method after normalized to the level of glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH) mRNA. The ex-
periment was performed in triplicate and repeated at least
once.

2.8 Statistical analysis

The data were statistically analyzed using SPSS (Version
17.0; SPSS Inc., Chicago, IL, USA) and are presented as the
mean =+ standard deviation (SD) or fold-change. The statis-
tical analysis included Student’s t-test, where a p < 0.05 is
considered statistically significant.
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3. Results

3.1 Identification of differentially expressed IncRNAs and mRNAs
in cervical cancer tissues

To assess the RNA expression profiles in cervical cancer,
we first conducted a whole transcriptome microarray analy-
sis in three pairs of cervical tumor and normal tissues using
the ceRNA chips (Shanghai Biotechnology, China), which
contain 88,371 circRNA probes, 68,423 IncRNA probes, and
18,853 mRNA probes. A total of 1300 DE-mRNA and 1446
DE-IncRNA transcripts were identified in cervical cancer
development with a threshold of fold-change >2 or <-2;
p < 0.05. Particularly, we identified 242 upregulated and
1204 downregulated IncRNAs and 169 upregulated and 1131
downregulated mRNAs. Among these genes, NR_001298
was the most upregulated and Inc-DDT-2:2 the most down-
regulated IncRNAs, while NM_021983 (HLA-DRB4) was
the most upregulated and NM_052892 (PKD1L2) the most
downregulated mRNAs. The heat map data and volcano plot
data are shown in Fig. 1A-D, respectively.

3.2 Bioinformatical analysis of differentially expressed mRNAs
and IncRNAs

To explore the possible functions of IncRNA, we predicted
its potential targets in cis-regulatory relationships by search-
ing for protein-coding genes 10-kb upstream and down-
stream of all the identified IncRNAs. To gain further insight
into the potential biological and pathophysiological processes
that may be moderated by these DE-RNAs in cervical can-
cer, we performed the GO term and KEGG pathway anal-
yses. Concerning the biological process, we found that DE-
IncRNA was mostly enriched in extrinsic apoptotic-signaling
pathway via death domain receptors and was involved in
nuclear-transcribed mRNA poly(A) tail shortening and met-
alloaminopeptidase activity. The top 30 GO terms are shown
in Fig. 2A. These results suggest that one of the primary roles
of IncRNA may be post-transcriptional regulation of gene ex-
pression. Undistinguishably, the GO terms of DE-mRNA
were mainly enriched in protein K11-linked ubiquitination,
mitochondrial fusion, and the anaphase-promoting complex.
The KEGG pathway analysis indicates that these up- and
downregulated mRNAs function in ubiquitin-mediated pro-
teolysis and molecular pathways involved in cancer, respec-
tively (Fig. 2A). In particular, the IncRNAs and cis-targeted
mRNAs showed to play in a role in the TGF- 3 signaling, cell
adhesion molecules (CAMs), and cancer pathways (Fig. 2B).

3.3 ldentification of the IncRNA-mRNA co-expression networks in
cervical cancer

The functions of IncRNA primarily depend on interac-
tion with mRNAs, which may be an important target of
the former. It has been reported that the functions of most
IncRNAs include the targeting of transcription, translation,
and post-translation of their targeting mRNAs. To gain
a better understanding of these DE-RNAs in cervical can-
cer, we determined the potential targets of IncRNAs in cis-
regulatory relationships and performed a co-expression anal-
ysis using Pearson’s correlation analysis with Psych pack-
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Fig. 1. Identification of differentially expressed mRNAs and IncRNA in cervical cancer. (A) Heat maps of differentially expressed mRNAs. (B) Heat
maps of differentially expressed IncRNAs, which are based on the expression values of all IncRNAs and mRNAs detected through the microarray analysis. (C)
Volcano plots of differentially expressed mRNAs. (D) Volcano plots of differentially expressed IncRNAs, and cutoff criterion was fold-change of >2 or <-2;

p < 0.05.
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Fig. 2. Data obtained from the Gene Ontology (GO) terms and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses of differ-

entially expressed mRNAs and IncRNAs in cervical cancer. (A) GO term annotations and KEGG pathway enrichment analysis of mRNAs with top 30

enrichment scores. (B) KEGG pathway enrichment analysis of cis-targeted IncRNAs and trans-targeted IncRNAs with the top 30 enrichment scores.

ages (Corr. Test method, parameter CI = F, adjust = BH)
in the R program. The screening correlation coefficient was
determined to be r > 0.7 with p < 0.05, then Cytoscape
(https://cytoscape.org/, version 3.7.0) was used to construct
the co-expression network. In total, we were able to identify
653 nodes and 400 edges for the network (Fig. 3). It is sug-
gested that an mRNA may be associated with one to six IncR-
NAs, while one IncRNA is correlated to one to three mRNA.
Significantly, six mRNAs were shown to most connect with
this network, namely NM_033318 (SMDT1), NM_021090
(MTMR3), NM_021964 (ZNF148), NM_003026 (SH3GL2),
NM_018127 (ELAC2), and NM_017934 (PHIP) (Table 2). A
functional analysis was conducted to uncover the related bi-
ological functions of these mRNAs, revealing that the co-
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expressed genes were enriched in 51 GO terms (31 under
the biological process, 11 GO under the cellular component,
and 9 under the molecular function). Particularly, some of
the terms were tumor-associated terms, including autophagy
(G0O:0006914), regulation of vascular genesis (GO:2001214),
transcriptional repressor complex (GO:0017053), and regu-
lation of gene expression (GO:0010629) (Fig. 4A). Further-
more, the co-expressed genes were found to be enriched in
Herpes simplex virus 1 infection (Fig. 4B). These findings in-
dicate that IncRNAs also regulate trans-target genes.

34 Survival analysis using GEPIA2

To assess the prognostic value of these above hub genes,
we searched and downloaded data from the online database
GEPIA2 (http://gepia2.cancer-pku.cn/#index), which con-
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Fig. 3. Data on the differentially expressed IncRNA-mRNA co-expression network. The IncRNA-mRNA co-expression network was constructed
using the Cytoscape software (https://cytoscape.org/, version 3.7.0) and analyzed statistically. Correlation values of -0.7 > x > +0.7.

tains gene expression and overall survival data. Impor-
tantly, GEPIA2 is an enhanced web server for large-scale gene
expression profiling and interactive analysis that includes
198,619 isoforms and 84 cancer subtypes from TCGA and
GTEx samples [23]. Our results demonstrate that MTMR3
has a lower expression in cervical squamous cell carcinoma
and endocervical adenocarcinoma. Based on the Kaplan-
Meier data analysis data, patients with higher MTMR3 ex-
pressed tumor had poor overall survival (OS), although the
p-value was not statistically significant (HR = 0.94, p-value =
0.78; Fig. 5A). Similarly, the low expression of SMDT1 was
also correlated with poor overall survival (OS) (HR = 0.65,
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p-value = 0.077; Fig. 5B). As for the other hub genes, asso-
ciation of their expression with survival of patients was not
statistically significant (Supplementary Fig. 1).

3.5 Validation of the microarray data

To verify the reliability of our microarray analysis re-
sults, we performed RT-qPCR validation in 15 randomly
selected mRNAs and 10 randomly selected IncRNAs from
cervical cancer and normal tissue samples (Primers used
were shown in Table 3). We found that two IncR-
NAs (Inc-CLRN3-3:1 and Inc-TMEM238-2:1) were upregu-
lated in cervical cancer tissues, whereas ENST00000369391,
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Table 2. Co-expression profiles of De-mRNAs and De-IncRNAs.

mRNA Gene symbol Connecting RNAs
NM_033318 SMDT1 NR_029480, NR_029514, Inc-SIPA1L3-3:7, Inc-RSPO3-2:3, ENST00000362160, Inc-ACTR8-1:2
NM_021090 MTMR3 Inc-C50rf30-6:1, Inc-AC016745.1-2:1, Inc-LPL-2:1, ENST00000391313
NM_021964 ZNF148 Inc-RSPO2-2:1, Inc-CNTNAP1-2:1, Inc-PAX5-7:2
NM_003026 SH3GL2 Inc-UQCRFS1-9:1, ENST00000562082, Inc-ZNF570-2:1
NM_018127 ELAC2 Inc-CNTNAP1-2:1, Inc-PAX5-7:2, Inc-FAM83F-4:1
NM_017934 PHIP Inc-ZNF101-6:1, Inc-TM4SF1-4:1, ENST00000601239
Table 3. Primers used for RT-qPCR.
Gene name DNA sequences
PIK3R1 5-TCTTTTGACGAGAGGGAGGA-3 5-GTCAAGGAGGCACACTACCC-3’
TCF7L2 5-ACCATCTTCGTTTCCCCTTT-3 5-GGTCAGTCCGGGTCCTAAG-3
PRICKLE1 5-CGTCCCACACAAGGGTTT-3 5-GCACCAGACCAGGGAATGT-3

GSN 5-ACGGCTGAAGGACAAGAAGA-3

CCNE2 5-CATGGTGTTCAACCTGTGCT-3’
KAT2B 5-CATAACCCCCTAAAATCCATCA-3
MITF 5-TGGATTCATTTCAGGGGCTA-3
UBE2D3 5-GTTTGTTGAAATGGCTTAGTTGA-3’
UBE2S 5-GCATGAGGGAAGCAAACAGTC-3’
TGFBR2 5-GGGTGGGCTGAGAGTTAAAG-3

FN1 5-AGCATCACCCTGGGAGTTT-3'

INHBA 5-TGCACCTTTTGGCAACTTCT-3
SMAD4 5-ATGCCAGAAGCCAGAGAAGA-3
APPL1 5-TGTAAAACCTGCCACCTGAA-3
SAV1 5-GACGAGGCAGTGGAGAGTTC-3’
ENST00000369391 5-CCAAGCCCAGGAAACAGATA-3
ENST00000547898 5-TGACACCCTCCTTCTCACAG-3’
Inc-STOM-1:1 5-TGCCCAGTGGTGATGAGGTT-3
NR_110418 5-CCAGCAATAGACCCTCCTTCAA-3
ENST00000561507 5-CCATCATTTTTCCAGCAGTT-3

Inc-SEMA3A-2:1
Inc-TMEM238-2:1

Inc-CLRN3-3:1 5-GATCTTTCAGGTAAAAACGTAGTCT-3
Inc-IGSF11-5:1 5-AAGGTGCTGGCAGATCTAGTTGT-3
NR_026867 5-AAGCCTTCAGGGTCAGTTCA-3’

5-TCGTGGATGACCTCTCCTATTGT-3
5-AGACCCAGGACACCCAAGTA-3

5-TTCGATCACAAAACGTCCAA-3
5-CATGTCAAGAAAGCCCCAGT-3
5-CAGAGTTGGGAATGGCAGAT-3
5-GGGAGTGGTGTGGATCATTT-3
5-CAAAACATGGCTGAGTTACCC-3
5-TTTCAGTGGGTTCCGAGGC-3’
5-AGGTCAATGGGCAACAGCTA-3
5-CGAAGCAGAACAGGCAATG-3
5-TACAATGTCCACCCCCAAAC-3’
5-CCTGGGACTTTCAACTGACC-3’
5-CCAAGATCACACCACTGCAC-¥
5-CCCTGGTTGTCATTTTTGGT-3
5-CCAAGCCCAGGAAACAGATA-3
5-TCCTCTCCATGCTTTCTTCC-3
5-GGCCTGAAGGGTTCTTGGA-3
5-ACCGGTGGATCCTGCTTTC-3
5-AGGGGGTGGCATTAAAAGAG-3
5-CCCCCAAATTAGTGCCGTAT-3
5-ACAAACTCACCACTCGTTGC-3
5-TTCACAGCAGATAAACAAAGTTAGC-3
5-TTGCCCTGTGAAGACATAGTAAGAA-3
5-AGTCCCCAAAATCATCAAATCCA-3

ENSTO00000547898, ENST00000561507, Inc-SEMA3A-2:1,
Inc-STOM-1:1, NR_110418, and NR_026867 were verified
to be downregulated in cervical cancer tissues vs. those of the
control tissues (Fig. 6A). Moreover, according to the valida-
tion of differentially expressed mRNAs, we discovered that
CCNE2, FN1, INHBA, and UBE2S were upregulated, while
APPL1, GSN, KAT2B, MITF, PIK3R1, PRICKLE1, SAVI,
SMAD4, TCF7L2, TGFBR2, and UBE2D3 were downregu-
lated in cervical cancer tissues vs. control tissues (Fig. 6B).
The qPCR results confirm that the expression patterns of
these RN As are consistent with their expression levels calcu-
lated from the RNA-seq data (The comparative results were
shown in Supplementary Fig. 2), which indicates the relia-
bility of high-throughput sequencing.

4. Discussion

The risk in developing cervical cancer is higher in devel-
oping countries [24], where there is an increase in preva-
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lence of HVP infection. In addition, the underlying molec-
ular mechanisms of cervical carcinogenesis is still poorly
understood, IncRNAs have been reported to be altered in
many cases of cervical cancer [1, 25-27]. In the current
study, we conducted a microarray analysis of differentially
expressed IncRNAs and mRNAs and then performed the in-
tegrated bioinformatical analysis of these differentially ex-
pressed IncRNAs and mRNAs. In the present study, we iden-
tified a total of 2746 differentially expressed IncRNAs and
mRNAs using the ceRNA microarray chips. Of these, 242
IncRNAs and 169 mRNAs were found to be significantly up-
regulated, and 1204 IncRNAs and 1131 mRNAs were down-
regulated in cervical cancer tissues compared with the control
tissues. In addition, various dysregulated IncRNAs and mR-
NAs were randomly chosen for qRT-PCR validation, and the
results confirm the microarray analysis findings to some ex-
tent.
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To predict the potential functions of the differentially ex- sociated with the significantly differentially expressed IncR-
pressed IncRNAs identified in this study, GO and KEGG  NAs. Our GO term and KEGG pathway analyses revealed
pathway analyses were performed using the coding genes as- that different biological events and signaling pathways may
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be associated with cervical carcinogenesis. The GO term
analyses divided these differentially expressed mRNAs in
cervical cancer tissue specimens into functional modules of
cell process, like protein ubiquitination, cell migration, cell
proliferation, and immunity. Our KEGG pathway analysis
revealed that these differentially expressed mRNAs are in-
volved in ubiquitin-mediated proteolysis and diverse cancer
pathways. Protein ubiquitination was also reported to reg-
ulate the functions and signaling of a profusion of proteins
in various cell pathways [28, 29], while the chains of K11-
linked polyubiquitination participate in cell mitosis [30, 31].
Furthermore, our pathway analysis of these differentially
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expressed IncRNAs revealed their association with CAMs,
TGF-j3, notch, p53, and various other cancer signaling path-
ways. As previously reported, the TGF- and notch signaling
pathways demonstrated to play an essential role in cervical
cancer development [2].

Furthermore, we also employed a IncRNA-mRNA net-
work analysis to identify interactions between differentially
expressed mRNAs and differentially expressed IncRNAs, as
previously described [32, 33]. Our results showed that a
total of 328 IncRNAs and 315 mRNAs were included in
the co-expression network, which consisted of 653 network
nodes and 400 connections. We also found that SMDT1,
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an mRNA, was correlated with up to 6 IncRNAs; MTMR3
was correlated with 4 IncRNAs; and ZNF148, SH3GL2,
ELAC2 and PHIP were associated with 3 IncRNAs. Partic-
ularly, as a member of the myotubularin family, MTMR3
has demonstrated to participate in tumor development in
oral [34], gastric [35], and breast cancers [36]. According
to the functional analysis, the integrated mRNA-IncRNA co-
expression network was linked to autophagy, regulation of
vascular genesis, transcriptional repressor complex, and reg-
ulation of gene expression. Based on previous studies, vas-
cular genesis and angiogenesis are under the tight regula-
tion of growth factors, like transforming growth factor-31
(TGF-B1) [37]. Moreover, it has been reported that TGF-
[-related signaling promotes tumor vasculature by enhanc-
ing the pericyte-endothelium association [38]. As for au-
tophagy, recent studies have proposed that p53 is able to in-
duce autophagy in both transcription-dependent and non-
transcription-dependent manners and may also inhibit au-
tophagy [39]. These results are consistent with former func-
tional analysis of DE-IncRNAs and mRNAs in the study.

Overall, the presented study confirms the usefulness of
the cDNA microarray to identify the differentially expressed
genes in human cancer. Further research is warranted to ver-
ify and evaluate these genes as biomarkers for the early detec-
tion and prognosis of cervical cancer.

Despite our promising findings, this study is preliminary,
and deeper research is needed to confirm the importance of
these differentially expressed mRNAs and IncRNAs in cer-
vical cancer development. Therefore, the limitations of this
study include the small sample size and limited data for anal-
ysis. In conclusion, this study effectively profiled differen-
tially expressed mRNAs and IncRNAs in cancerous tissues
and confirmed their association with the development of cer-
vical cancer. Future study of some of these differentially ex-
pressed mRNAs and IncRNAs using a larger sized cervical
cancer tissue sample is highly recommended.

Author contributions

TJ contributed to the conception of the study, acquisi-
tion of the financial support, oversight, and leadership re-
sponsibility for the research activity planning and execution.
LYY conducted the research, performed the data analyses,
and wrote the manuscript. ZJF contributed significantly to
the provision of the study’s patients and laboratory materi-
als. PJQ helped perform the analysis with constructive dis-
cussions.

Ethics approval and consent to participate

Patients have given their written informed consent before
enrolled into our study. The ethics committee of the Obstet-
rics and Gynecology Hospital of Fudan University approved
our study protocol with a reference number of 2018-11.

Volume 48, Number 6, 2021

Acknowledgment

We are grateful to Shanghai Biotechnology Corporation
(http://www.shbio.com/, Shanghai, China) for providing
technical support.

Funding

This study was supported in part by grants from
the Shanghai Key Specialty Project of Clinical Pharmacy
(#AB83110002017005) and Science and Technology Support
Planning of Shanghai Science and Technology Commission
(#19401900900).

Conflict of interest

The authors declare no conflict of interest.

Supplementary material

Supplementary material associated with this article can be
found, in the online version, at https://ceog.imrpress.com/
EN/10.31083/j.ceog4806219.

References

[1] GaoY,Zhao Z, Zhang M, Han L, Dong Y, Xu B. Long Noncoding
RNA PVT1 Facilitates Cervical Cancer Progression via Negative
Regulating of miR-424. Oncology Research Featuring Preclinical
and Clinical Cancer Therapeutics. 2017; 25: 1391-1398.

[2] Meyers JM, Grace M, Uberoi A, Lambert PF, Munger K. Inhi-
bition of TGF-beta and NOTCH Signaling by cutaneous papillo-
maviruses. Frontiers in Microbiology. 2018; 9: 389.

[3] Tsikouras P, Zervoudis S, Manav B, Tomara E, latrakis G, Ro-
manidis C, et al. Cervical cancer: screening, diagnosis and staging.
Journal of BUON. 2016; 21: 320-325.

[4] Dasari S, Wudayagiri R, Valluru L. Cervical cancer: Biomarkers
for diagnosis and treatment. Clinica Chimica Acta. 2015; 445: 7—
11.

[5] Goodman A. HPV testing as a screen for cervical cancer. British
Medical Journal. 2015; 350: h2372.

[6] Longoria TC, Tewari KS. Pharmacologic management of ad-
vanced cervical cancer: antiangiogenesis therapy and im-
munotherapeutic considerations. Drugs. 2015; 75: 1853-1865.

[7] Kim]JY, Byun SJ, Kim YS, Nam J. Disease courses in patients with
residual tumor following concurrent chemoradiotherapy for lo-
cally advanced cervical cancer. Gynecologic Oncology. 2017; 144:
34-39.

[8] Dijebali S, Davis CA, Merkel A, Dobin A, Lassmann T, Mortazavi
A, et al. Landscape of transcription in human cells. Nature. 2012;
489: 101-108.

[9] Bhan A, Soleimani M, Mandal SS. Long Noncoding RNA and Can-
cer: a New Paradigm. Cancer Research. 2017; 77: 3965-3981.

[10] Wang KC, Chang HY. Molecular mechanisms of long noncoding
RNAs. Molecular Cell. 2011; 43: 904-914.

[11] Hull R, Mbita Z, Dlamini Z. Long non-coding RNAs (LncRNAs),
viral oncogenomics, and aberrant splicing events: therapeutics
implications. American Journal of Cancer Research. 2021; 11:
866-883.

[12] ZhouY, Wang Y, Lin M, WuD, Zhao M. LncRNA HOTAIR pro-
motes proliferation and inhibits apoptosis by sponging miR-214-
3p in HPV16 positive cervical cancer cells. Cancer Cell Interna-
tional. 2021; 21: 400.

[13] Cao S, LiH, LiL. LncRNA SNHG17 Contributes to the Progres-
sion of Cervical Cancer by Targeting microRNA-375-3p. Cancer
Management and Research. 2021; 13: 4969-4978.

[14] Fu]J,Zhang Y, Wang M, Hu J, Fang Y. Inhibition of the long non-
coding RNA UNC5B-AS1/miR-4455/RSPO4 axis reduces cer-

1391


http://www.shbio.com/
https://ceog.imrpress.com/EN/10.31083/j.ceog4806219
https://ceog.imrpress.com/EN/10.31083/j.ceog4806219

(23]

(24]

(25]

[26]

1392

vical cancer growth in vitro and in vivo. The Journal of Gene
Medicine. 2021. (in press)

Song H, Liu Y, Liang H, Jin X, Liu L. SPINT1-AS1 Drives Cervical
Cancer Progression via Repressing miR-214 Biogenesis. Frontiers
in Cell and Developmental Biology. 2021; 9: 691140.

Wang X, Sun H, Zhu S. Long non-coding RNA PTAR inhibits
apoptosis but promotes proliferation, invasion and migration of
cervical cancer cells by binding miR-101. Bioengineered. 2021; 12:
4536-4545.

Walker DM, Urbé S, Dove SK, Tenza D, Raposo G, Clague MJ.
Characterization of MTMR3. an inositol lipid 3-phosphatase with
novel substrate specificity. Current Biology. 2001; 11: 1600-1605.
Simonsen A, Tooze SA. Coordination of membrane events during
autophagy by multiple class III PI3-kinase complexes. The Journal
of Cell Biology. 2009; 186: 773-782.

Taguchi-Atarashi N, Hamasaki M, Matsunaga K, Omori H, Ktis-
takis NT, Yoshimori T, et al. Modulation of local PtdIns3P levels
by the PI phosphatase MTMR3 regulates constitutive autophagy.
Traffic. 2010; 11: 468-478.

Zhang Y, Sun L, Xuan L, Pan Z, Hu X, Liu H, et al. Long non-
coding RNA CCRR controls cardiac conduction via regulating in-
tercellular coupling. Nature Communications. 2018; 9: 4176.
Abu-Rustum NR, Yashar CM, Bean S, Bradley K, Campos SM,
Chon HS, et al. NCCN Guidelines Insights: Cervical Cancer, Ver-
sion 1.2020. Journal of the National Comprehensive Cancer Net-
work. 2020; 18: 660-666.

Feng Y, Shen Y, Chen H, Wang X, Zhang R, Peng Y, et al. Ex-
pression profile analysis of long non-coding RNA in acute myeloid
leukemia by microarray and bioinformatics. Cancer Science. 2018;
109: 340-353.

Tang Z, Kang B, Li C, Chen T, Zhang Z. GEPIA2: an enhanced
web server for large-scale expression profiling and interactive
analysis. Nucleic Acids Research. 2019; 47: W556-W560.
Benard VB, Thomas CC, King ], Massetti GM, Doria-Rose VP,
Saraiya M. Vital signs: cervical cancer incidence, mortality, and
screening - United States, 2007-2012. MMWR. Morbidity and
Mortality Weekly Report. 2014; 63: 1004-1009.

DongJ, SuM, Chang W, Zhang K, Wu S, Xu T. Long non-coding
RNAs on the stage of cervical cancer (Review). Oncology Reports.
2017; 38: 1923-1931.

Wang X, Wang Z, Wang J, Wang Y, LiuL, Xu X. LncRNA MEG3
has anti-activity effects of cervical cancer. Biomedicine & Pharma-
cotherapy. 2017; 94: 636-643.

Yan Q, Tian Y, Hao F. Downregulation of IncRNA UCA1 inhibits
proliferation and invasion of cervical cancer cells through miR-
206 expression. Oncology Research. 2018. (in press)

(28]

(29]

(30]

(36]

(37]

Gallo LH, Ko J, Donoghue DJ. The importance of regulatory ubiq-
uitination in cancer and metastasis. Cell Cycle. 2017; 16: 634—648.
Mortensen F, Schneider D, Barbic T, Sladewska-Marquardt A,
Kiihnle S, Marx A, et al. Role of ubiquitin and the HPV E6 onco-
protein in E6AP-mediated ubiquitination. Proceedings of the Na-
tional Academy of Sciences of the United States of America. 2015;
112: 9872-9877.

Matsumoto ML, Wickliffe KE, Dong KC, Yu C, Bosanac I, Bus-
tos D, et al. K11-linked polyubiquitination in cell cycle control re-
vealed by a K11 linkage-specific antibody. Molecular Cell. 2010;
39: 477-484.

Wickliffe KE, Williamson A, Meyer H, Kelly A, Rape M. K11-

linked ubiquitin chains as novel regulators of cell division. Trends
in Cell Biology. 2011; 21: 656-663.

Yang B, XiaZ, Zhong B, Xiong X, Sheng C, Wang Y, et al. Distinct
Hippocampal Expression Profiles of Long Non-coding RNAs in
an Alzheimer’s Disease Model. Molecular Neurobiology. 2017; 54:
4833-4846.

He L, Zou P, Sun W, Fu 'Y, He W, LiJ. Identification of IncRNA
NR_028138.1 as a biomarker and construction of a ceRNA net-
work for bipolar disorder. Scientific Reports. 2021; 11: 15653.
Kuo YZ, Tai YH, Lo HI, Chen YL, Cheng HC, Fang WY, et al.
MiR-99a exerts anti-metastasis through inhibiting myotubularin-
related protein 3 expression in oral cancer. Oral Diseases. 2014;
20: e65-€75.

SunG,LiZ,HeZ, Wang W, Wang S, Zhang X, et al. Circular RNA
MCTP2 inhibits cisplatin resistance in gastric cancer by miR-99a-
5p-mediated induction of MTMR3 expression. Journal of Exper-
imental & Clinical Cancer Research. 2020; 39: 246.

Wang Z, Zhang M, Shan R, Wang Y], Chen ], Huang J, et al.
MTMR3 is upregulated in patients with breast cancer and regu-
lates proliferation, cell cycle progression and autophagy in breast
cancer cells. Oncology Reports. 2019; 42: 1915-1923.

Mallet C, Vittet D, Feige ], Bailly S. TGFbetal induces vasculo-
genesis and inhibits angiogenic sprouting in an embryonic stem
cell differentiation model: respective contribution of ALK1 and
ALKS5. Stem Cells. 2006; 24: 2420-2427.

Zonneville ], Safina A, Truskinovsky AM, Arteaga CL, Bakin AV.
TGEF-p signaling promotes tumor vasculature by enhancing the
pericyte-endothelium association. BMC Cancer. 2018; 18: 670.
Lei],Jin L, Zhao Y, Sui M, Huang L, Tan Y, et al. Sex-related dif-
ferences in descending norepinephrine and serotonin controls of
spinal withdrawal reflex during intramuscular saline induced mus-
cle nociception in rats. Experimental Neurology. 2011; 228: 206—
214.

Volume 48, Number 6, 2021



	1. Introduction
	2. Materials and methods
	2.1 Patients and tissue samples
	2.2 RNA isolation and purification
	2.3 ceRNA array and analysis
	2.4 Gene ontology (GO) and pathway analysis
	2.5 Prediction and evaluation of the corresponding lncRNAs-targeting mRNAs
	2.6 Analysis of the lncRNA-mRNA co-expression networks
	2.7 Reverse transcriptase-quantitative polymerase chain reaction (RT-qPCR)
	2.8 Statistical analysis

	3. Results
	3.1 Identification of differentially expressed lncRNAs and mRNAs in cervical cancer tissues
	3.2 Bioinformatical analysis of differentially expressed mRNAs and lncRNAs
	3.3 Identification of the lncRNA-mRNA co-expression networks in cervical cancer
	3.4 Survival analysis using GEPIA2
	3.5 Validation of the microarray data

	4. Discussion
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	Supplementary material
	References

