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Aims: Cervical cancer seriously affects women's health. The function of methylated alterations in the long non-
coding RNAs (IncRNAs) promote the progression and metastasis of cancer. Our study aims to identify the
functional effects of IncRNA methylation in cervical carcinogenesis.

IHCRNAI Main methods: Genome-wide DNA methylation of 6 samples was assessed using the Illumina Infinium
g:;f;si:amer MethylationEPIC BeadChip. RNA sequencing (RNA-seq) data and survival follow-up time of 307 samples from

The Cancer Genome Atlas (TCGA) dataset were enrolled in this study. The statistical analysis and graphical work
were mainly realized by R language.

Key findings: Methylation map identified 3962 hypermethylated CpG sites and 4484 hypomethylated CpG sites
in cervical cancer (|AB| = 0.20). Bioinformatic analysis of the IncRNA expression identified 363 upregulated and
664 downregulated IncRNAs with log2 (fold change) = 1.00 in squamous cervical carcinoma (SCC) samples.
Weighted gene co-expression network analysis (WGCNA) and Venn diagram revealed that IncRNA MAGI2 an-
tisense RNA 3 (IncRNA MAGI2-AS3), IncRNA WT1 antisense RNA (IncRNA WT1-AS) and IncRNA SOX21 anti-
sense divergent transcript 1 (IncRNA SOX21-AS1) were important methylation changed IncRNAs. Kaplan-Meier
survival curves showed only IncRNA SOX21-AS1 had clinical prognostic value in cervical cancer. Gene set en-
richment analysis (GSEA) suggest that IncRNA SOX21-AS1 involve in the multiple cellular processes and might
significantly suppress cervical tumorigenesis.

Significance: These insights into the functional role of IncRNA SOX21-AS1 DNA methylome alterations in cer-
vical cancer might promote clinically new applicable in diagnosis and prognosis.

1. Introduction

Cervical cancer is the fourth leading cause of cancer death in
women globally, with an estimated 570,000 new cases and 311,000
deaths in 2018 worldwide [1]. The National Central Cancer Registry
found that the 5-year survival rate of cervical cancer was 45.4% in
China [2] and tended to be found in younger people compared to most
other cancers [3]. Over the last few decades, persistent human pa-
pillomavirus (HPV) infection has been shown to be the main cause of
cervical cancer [4]. The combined application of HPV testing and li-
quid-based thin layer cell detection has somewhat increased the rate of
cervical cancer discovery [1,5], but the effect of screening remain

limited [6]. Identification of cervical cancer biomarkers is great in-
terest.

DNA methylation plays a role in genome stability and gene ex-
pression [7]. In particular, aberrant DNA promoter methylation is an
important mechanism for loss of gene function in tumors [8,9]. Hy-
permethylation of the gene promoter region can result in gene silencing
and an abnormal tumor microenvironment [10]. For example, the
particular metabolic profile of hepatocellular carcinoma might be due
to down-regulation of gene expression by gene hypermethylation [11].
Hypomethylation has been observed at early time points in tumor de-
velopment, contributing to cellular transformation [12,13]. DNA me-
thylation is stable and heritable and does not change the DNA sequence.
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It is a highly sensitive marker for cancer [14] and has the potential to
function as a primary screening tool [10].

Long non-coding RNAs (IncRNAs) are now known to play important
roles in skin defects, brain damage, diabetes, hypertension and other
diseases, especially cancer [15,16]. The IncRNAs are involved in mul-
tiple processes in cancer by interacting with RNA, DNA, and proteins
through epigenetics, transcription, post-transcriptional regulation, and
some pathological processes [17]. The reports observed that hypo-
methylation of EPIC1 (epigenetically-induced IncRNA1) was associated
with poor prognosis in luminal B breast cancer [18], and found that
during calcific aortic valve disease DNA hypomethylation in the pro-
moter region of IncRNA H19 led to its overexpression, which promoted
osteogenesis by decreasing the expression of Notchl [19]. In mammals,
the X-linked IncRNA Firre anchors the inactive X chromosome to the
nucleolus by binding CTCF (CCCTC binding factor) and maintains
H3K27me3 methylation [20]. Another instance, the reexpression of
DNMT1-associated colon cancer repressed IncRNA 1 (IncRNA DACOR1)
results in a genome-wide increase of DNA methylation in human colon
cancer cell lines [21]. LncRNA prostate cancer gene expression marker
1(IncRNA PCGEM1)promotes chemoresistance via inhibition of PARP
cleavage and delaying the induction of tumor suppressors p53 and p21.
The study demonstrated that IncRNA nuclear-enriched abundant tran-
script 1 (IncRNA NEAT1) knockdown affected the viability and mor-
phology of Burkitt's lymphoma cells [22]. Therefore, we have sought
novel biomarkers of cervical cancer in the cervical cancer methylated
landscape in order to provide more effective diagnostic strategies.

2. Material and methods
2.1. Clinical samples

For the methylation array analysis, the inclusion criteria for the
cancer group was being HPV16 positive, having cytological diagnosis of
squamous cervical carcinoma (SCC), and having confirmed pathology.
The normal group was negative for HPV and had only mild in-
flammatory reaction of cytological results. For this study, all cervical
scrapings were randomly selected from a prospective collection of
samples stored in our biological sample banks. All samples were col-
lected at the Third Affiliated Hospital of Zhengzhou University from
2016 to 2018, and all specimens were from women with no history of
prior dysplasia [23]. The clinical characteristics of the specimens are
shown in Table 1. This study followed the ethical guidelines of the
Ethics Committee of the Third Affiliated Hospital of Zhengzhou Uni-
versity.

2.2. HPV detection and genotyping

HPV DNA was isolated from the exfoliated cervical cells using the
One-step Nucleic Acid Extraction Kit (HybriBio Ltd., Chaozhou, China).
HPV genotyping was performed with the HPV GenoArray Diagnostic Kit
(HybriBio Ltd., Chaozhou, China) that can differentiate between 37
HPV types using the HybriMax test [24].

Table 1
The clinical characteristics of the specimens detected by methylation micro-
array.

Sample Age Cytologic HPV Histopathologic Group
diagnosis genotyping diagnosis
x_893 34 Inflammation - - N1
x_130 28  Inflammation - - N_2
x_158 28 Inflammation - - N3
x_461 60  SCC 16 SCC SCC_1
x 572 40  SCC 16 SCC SCC2
x_250 35 SCC 16 SCC SCC_3
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2.3. DNA extraction

Genomic DNA was extracted from the cervical cell scrapings using
the DNeasy Blood and Tissue Kit (Qiagen) according to the manufac-
turer's instructions. After DNA extraction, the purified DNA was stored
at —80°C until further analysis. Each DNA sample was analyzed
spectrophotometrically and by electrophoresis on 1% agarose gels [25].

2.4. Differential methylation locus analysis

The purity and concentration of the DNA were estimated using a
Nanodrop 2000 (Thermo Scientific). Approximately 500 ng of genomic
DNA from each sample was used for sodium bisulfite conversion using
the EZ DNA Methylation Gold Kit (Zymo Research, USA) following the
manufacturer's standard protocol. Genome-wide DNA methylation was
assessed using the Illumina Infinium MethylationEPIC BeadChip
(Illumina Inc., edition: V1.0B4, USA) according to the manufacturer's
instructions. The raw data were analyzed using the ChAMP package in
R for deriving the methylation level, and the methylation status of each
probes was denoted as the B-value. CpG sites having |AB| = 0.20 (in
SCC vs. normal cervical cell scrapings) and p < 0.01 were considered to
be the differentially methylated sites [26]. The CpG sites were identi-
fied as hypermethylated (AR > 0) or hypomethylated (AR < 0) [27].
All raw methylation array data were deposited in the Gene Expression
Omnibus database under accession ID: GSE 134772.

2.5. RNA-sequencing data collection

Transcription-level data from the cervical samples and complete
clinical datasets were obtained from TCGA (https://portal.gdc.cancer.
gov/). In total, 307 samples of RNA sequencing data and survival
follow-up time were enrolled in this study.

2.6. Screening of differentially expressed IncRNAs and mRNAs

Genome-wide transcriptional expression profiles were obtained
from the RNA-seq count data from TCGA, which consists of mRNA and
IncRNA expression data. The edgeR package of R version 3.5.2 (http://
www.r-project.org) was used to screen for differentially expressed
IncRNAs and mRNAs. A log2 (fold change) = 1.00 and a false discovery
rate (FDR) < 0.05 were considered to be indicative of differential ex-
pression.

2.7. Co-expression analysis

Weighted gene co-expression network analysis (WGCNA) is a sys-
tems biology method for constructing relationship patterns [28] that
uses the soft threshold method to provide a more extensive and exact
correlation between transcripts compared to more general methods
such as Pearson's correlation coefficient [29]. Therefore, we used the
WGCNA package in R 3.5.2 to build a co-expression network in order to
analyze the potential mRNA targets of IncRNAs. Differentially ex-
pressed IncRNAs and mRNAs with log2 (fold change) = 1.00 and
FDR < 0.05 were analyzed. In order to screen long non-coding genes
that met the requirements as far as possible, the soft threshold was set
to a minimum of 0.61, and this yielded an mRNA cluster that was co-
expressed with the IncRNAs that was large enough for further func-
tional analysis of IncRNAs [30].

2.8. Screening of methylation-modified long non-coding genes in the
promoter region and target IncRNAs' survival analysis

The overlapping set of long non-coding genes with methylated CpG
sites in the promoter region and co-expression screening-related
IncRNAs was used for further analysis. In order to reflect the filtering
process, we produced a Venn diagram in R 3.5.2 that showed all
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possible logical relations among a finite collection of the set of all
methylated CpG loci, the set of promoter-region CpG loci, the set of
RNA-seq IncRNAs, and the set of IncRNAs co-expressed with mRNAs. At
the intersection of these sets were IncRNA MAGI2 antisense RNA 3
(IncRNA MAGI2-AS3), IncRNA WT1 antisense RNA (IncRNA WT1-AS)
and IncRNA SOX21 antisense divergent transcript 1 (IncRNA SOX21-
AS1) with common features in the promoter region and similar changes
in methylation sites. We then used loglO (gene expression) data to
create a column chart in the ggpubr package from R 3.5.2. The heatmap
showed that IncRNA MAGI2-AS3 and IncRNA WT1-AS had hy-
permethylated expression in the promoter, while IncRNA SOX21-AS1
was hypomethylated in the promoter. Clinical data were extracted from
the TCGA database. We also studied the association between key
IncRNAs and the survival time of cervical cancer patients using Kaplan-
Meier survival curves.

2.9. Gene set enrichment analysis

LncRNA SOX21-AS1's chromosome localization was obtained from
NCBI (https://www.ncbi. nlm.nih.gov/gene/). GSEA was performed
using the GSEA software, and the gene sets used in this work were
downloaded from the Molecular Signatures Database (http://software.
broadinstitute.org/gsea/msigdb).

2.10. Statistical analysis

Normalization of the methylation data was performed using the
peak-based correction method [31]. The changes in expression of
IncRNA SOX21-AS1 and SOX21 were analyzed by Pearson correlation
in GraphPad Prism 7. The co-expression network diagram was drawn
using the Cytoscape software (version 3.7.0). The prognostic values of
IncRNA MAGI2-AS3, IncRNA WT1-AS, IncRNA SOX21-AS1, ZEB1,
DDR2, and WT1 expression in cervical cancer patients were estimated
by Kaplan-Meier analysis. Other statistical computations and figure
drawing were performed with several packages (ChAMP, edgeR,
WGCNA, survival, ggpubr, pheatmap, and ggplot2) in the statistical
software environment R version 3.5.2 (https://www.r-project.org/).
For all statistical methods, p < 0.05 was considered to be a significant
difference.

3. Results

3.1. Differentially methylated CpG loci distribution in cervical cancer and
healthy tissues

Methylation sites were interrogated on the Illumina Infinium
MethylationEPIC BeadChip testing 853,307 CpG sites located in the
gene promoter, gene coding region, CpG islands (CGIs), and enhancer
regions found in the ENCODE and FANTOMS project [32]. We identi-
fied 3962 hypermethylated CpG sites and 4484 hypomethylated CpG
sites in the cervical cancer samples (|AB| = 0.20). Hierarchical clus-
tering analysis showed systematic variations in the level of methylation
among the samples. The data suggested that the levels of methylation in
cervical cancer samples differed from the levels in normal controls
(Fig. 1A). To find the majority of events in cervical cancer and normal
tissue samples, the distribution of CpG sites in the gene context was
further analyzed. In the methylation distance to transcription start sites
(TSS), cervical cancer samples compared to normal samples had greater
differences in the methylation B-value between TSS to approximately
TSS1500 (Fig. 1B). The gene promoter region contained TSS1500,
TSS200, the 5’-UTR, and exon 1 [27]. We also analyzed the location of
the hypermethylated and hypomethylated CpG loci in the CGIs, CGI
shore, CGI shelf, and other regions. The hypermethylated CpG sites
were mainly concentrated in the CGIs in contrast to the hypomethy-
lated CpG sites, which were distributed in the CGI shore or in sites
farther away (Fig. 1C). Overall, the number of CpG sites was greatest in
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the CGIs. A CGI is a region with relatively high content of CpG dinu-
cleotides, and approximately 70% of the annotated gene promoters are
associated with a CGI [33]. In addition, genes whose promoters are
especially rich in CpG sequences tend to be expressed in most tissues
[34]. Therefore, the gene promoter region contained core regions with
significant changes in methylated CpG sites. We then selected probes
with methylation site changes in the promoter region of IncRNA genes
for further analysis.

3.2. Differentially expressed IncRNAs and mRNAs in cervical cancer and
normal tissues

Volcano plots showed the significantly changed IncRNAs and
mRNAs with log2 (fold change) = 1.00 and FDR < 0.05 in cervical
cancer compared with normal tissues (Fig. 2). In total, 1027 IncRNAs
showed differential expression in cervical cancer, including 363 upre-
gulated IncRNAs and 664 downregulated IncRNAs. Of the 3745 mRNAs
that showed differential expression between the two groups, 1631 were
upregulated and 2114 were downregulated.

3.3. Co-expression analysis of differentially expressed IncRNAs and mRNAs

At present, correlations between IncRNAs and mRNAs based on
their expression profiles have reportedly pointed at co-regulation or
functional relatedness, although the functions of most IncRNAs have
not been well established. [35]. Therefore, by constructing a IncRNA-
mRNA co-expression network, we can predict the role that IncRNAs
might play in cervical cancer. The co-expression network was composed
of 258 nodes and 1688 edges between 50 IncRNAs and 208 coding
genes (Fig. 3).

3.4. DNA promoter methylation correlated with functional long non-coding
genes and clinical prognosis

Co-expression results showed that 50 IncRNAs were connected to
mRNAs. We used the Venn diagram to show the results of the overlap
between the co-expression screening-related IncRNAs and the methy-
lated CpG sites in the promoter regions of the long non-coding genes
(Fig. 4A). LncRNA MAGI2-AS3, IncRNA WT1-AS, and IncRNA SOX21-
AS1 were at the core of the intersection (Table 2). The expression of
IncRNA MAGI2-AS3 was reduced in cervical cancer compared to
normal tissues (p < 0.01), and its promoter region methylation probes
(cg04652097, cg08641579, cg21784917) showed hypermethylation in
the cervical cancer samples. The results for IncRNA WT1-AS (p < 0.01)
were consistent with those of IncRNA MAGI2-AS3, and the IncRNA
WT1-AS DNA methylation probes (cgl2766736, ¢g07281879,
€g25247290) were significantly higher in the cervical cancer samples.
In contrast, expression of IncRNA SOX21-AS1 was increased in the
cervical cancer samples (p < 0.05) (Fig. 4B), and the probe
cg11007120 showed hypomethylation in the promoter gene (Fig. 4C).
LncRNA MAGI2-AS3 was connected with ZEB1 and DDR2 mRNAs,
IncRNA WT1-AS was connected with WT1 mRNA, and IncRNA SOX21-
AS1 was connected with SOX21 mRNA (Table 3). Next, we evaluated
the prognostic impact of IncRNA MAGI2-AS3, IncRNA WT1-AS, and
IncRNA SOX21-AS1 expression in cervical cancer. The Kaplan-Meier
survival analysis showed that patients in the TCGA dataset with higher
IncRNA SOX21-AS1 levels in their tumors had better survival compared
to patients with lower levels (p < 0.05, Fig. 4D). There were no sig-
nificant differences between the expression levels of IncRNA MAGI2-
AS3 and IncRNA WT1-AS and the survival time of the patients with
cervical cancer (p > 0.05, Fig. 4D). The potential association between
the expression level of coding genes (ZEB1, DDR2, WT1, and SOX21)
and survival time of cervical cancer patients was examined. Interest-
ingly, we found the same situation in which increased SOX21 in tumor
patients was accompanied by improved overall survival (p < 0.05,
Fig. 4D). The prognostic analysis of ZEB1, DDR2, and WT1 showed no
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statistical significance (p > 0.05, Table 3). Finally, we used SOX21's
functional annotation in the RNA-seq data in the TCGA database to
predict the potential functions of IncRNA SOX21-AS1 in cervical cancer.

3.5. LncRNA SOX21-AS1-related biological processes in cervical cancer

LncRNA SOX21-AS1 is located on human chromosome
13q32.1:94712716-94715945, a 3230 bp non-coding RNA expressed in
the nucleus, and its direction of transcription is the opposite of SOX21
(Fig. 5A). Yang et al. found that IncRNA SOX21-AS1 shares a bidirec-
tional promoter (head-to-head) with SOX21 on human chromosome
13q32.1 and that they are located upstream of a common CpG-rich
region [36]. Therefore, we hypothesized that their transcriptional ac-
tivity might be affected by DNA methylation. We found that SOX21 and

IncRNA SOX21-AS1 were simultaneously upregulated in cervical cancer
compared with normal tissues. SOX21 expression was significantly
correlated with IncRNA SOX21-AS1 expression in 304 cervical cancer
patients (r = 0.9054, p < 0.0001, Fig. 5B). GSEA analysis of SOX21
showed that IncRNA SOX21-AS1 was positively correlated with biolo-
gical processes such as epidermis development, molting cycle, skin
development, and skin epidermis development as well as with mole-
cular functions in cervical cancer, including nucleic acid binding tran-
scription factor activity and sequence-specific DNA binding of RNA
polymerase II (Fig. 5C). Taken together, our results indicated that
IncRNA SOX21-AS1 was a good prognostic indicator in cervical cancer
due to its role as a tumor suppressor. LncRNA SOX21-AS1 was highly
expressed in cervical cancer due to the hypomethylation of its promoter
region. Furthermore, the predominantly nuclear localization of IncRNA
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Fig. 4. Methylation-modified IncRNAs in the promoter region. (A) Venn diagram showing how the IncRNAs studied here were identified at the intersection of the sets
of methylation at all CpG sites, the presence of CpG loci, RNA-seq—identified IncRNAs, and IncRNAs co-expressed with mRNAs. (B) LncRNA MAGI2-AS3, IncRNA
WT1-AS, and IncRNA SOX21-AS1 were expressed in cervical cancer and normal tissues. * p < 0.05 and ** p < 0.01. (C) The changes in methylation sites of the
promoter regions in IncRNA MAGI2-AS3, IncRNA SOX21-AS1, and IncRNA WT1-AS. (D) Survival analysis of IncRNA MAGI2-AS3, IncRNA WT1-AS, IncRNA SOX21-

AS1, and SOX21 in cervical cancer.

Table 2
Overlapping relationships of hub long non-coding genes in the Venn diagram.
Methylation RNA-seq
Gene name  CpG ID Region AB-values Gene name Log (FC)
MAGI2-AS3  ¢g04652097 Exonl; 5-UTR  0.431 MAGI2-AS3  —3.992
cg08641579  Exonl; 5-UTR  0.398
cg21784917 5-UTR 0.244
WT1-AS cg12766736 5-UTR 0.332 WT1-AS —4.833
cg07281879 5-UTR 0.385
825247290 5-UTR 0.487
SOX21-AS1  ¢gl1007120 5-UTR —-0.276 SOX21-AS1  7.092

Log (FC):Log2 (Fold Change).

Table 3
Survival analysis of key IncRNAs and connected mRNAs.

LncRNA Survival analysis p-value = mRNA Survival analysis p-value
MAGI2-AS3  0.48856 ZEB1; DDR2  0.99665; 0.92081
WT1-AS 0.49304 WT1 0.24225

SOX21-AS1  0.01499 SOX21 0.01034

SOX21-AS1 might avoid the RNA interference-silencing machinery in
the cytoplasm of the cells [36]. Finally, the biological function of
IncRNA SOX21-AS1 was enhanced in cervical cancer.

4. Discussion

Entire genomic landscapes are accessible through high-throughput
sequencing technology [37], and the big data being generated through
genomics studies is one of the clearest ways to provide precise onco-
logical interventions [38]. In the present study, we used Illumina In-
finium MethylationEPIC BeadChip and RNA-seq data from the TCGA
projects to identify the comprehensive character of the IncRNA DNA
methylation landscape in cervical cancer. Our research strategy was
consistent with that of Wang et al., who showed that integrating me-
thylation microarray and RNA-seq data is a cost-effective strategy for
studying the regulatory effect of DNA methylation of IncRNA genes
[18]. Our analysis showed that 3962 hypermethylated CpG sites and
4484 hypomethylated CpG sites that were distributed throughout the
coding and non-coding genes. Most of the methylation site changes
were concentrated in the promoter region, which suggests that the
promoter regions of genes are subject to control by epigenetic methy-
lation.

LncRNAs have received much attention in the biological sciences,
but their precise functions are still poorly understood. Previous studies,
by repurposing multi-dimensional genomic and epigenetic data, have
successfully identified differentially expressed IncRNAs in cancer [39]
and cancer-related IncRNAs that are regulated by changes in DNA
methylation [18]. To provide some insights into the biological functions
of IncRNAs in cervical cancer, we integrated IncRNA and mRNA data
from the TCGA projects. We identified 363 upregulated IncRNAs, 664
downregulated IncRNAs, and 3745 differentially expressed mRNAs,
suggesting the extensive involvement of IncRNAs in cervical cancer.
The functional annotations of IncRNAs are not yet complete [29], so in
order to understand the functions of IncRNAs involved in the progres-
sion of cervical cancer we used WGCNA. The module analyzed by
WGCNA is a group of genes with similar expression profiles, and these
genes are considered to be functionally related [28], and Feng et al.

used this method to predict the roles of IncRNAs in acute myeloid
leukemia [29]. Similarly, Liu et al. successfully established the potential
biological function network of IncRNAs in cancer development by ob-
serving the functions of co-expressed oncogenes [40]. In the same way,
we identified IncRNAs that are associated with mRNAs. In our work, we
sought to find IncRNAs that are epigenetically activated or inactivated
in tumors through DNA methylation in the promoter region. Next, we
carried out the intersection analysis between the methylation data set
and co-expression analysis of the IncRNAs set, and this identified epi-
genetic regulation of IncRNA MAGI2-AS3, IncRNA WT1-AS, and
IncRNA SOX21-AS1. Such expressed regulation of IncRNA was con-
sistent with their somatic DNA methylation alterations identified in this
study.

We found low expression of the hypermethylated genes, such as the
IncRNA MAGI2-AS3 and IncRNA WT1-AS genes, but the down-regula-
tion of IncRNA MAGI2-AS3 by hypermethylation was not observed in
other studies. In a previous study, IncRNA MAGI2-AS3 was associated
with poor prognosis in bladder cancer [41], while our study showed
that the prognostic power of IncRNA MAGI2-AS3 and cervical cancer
was not statistically significant. The ZEB1 and DDR2 genes were asso-
ciated with IncRNA MAGI2-AS3 in the co-expression results, but be-
cause ZEB1 and DDR2 were not associated with the prognosis of cer-
vical cancer, no further analysis was performed.

LncRNA WT1-AS is known as a cancer-related IncRNA [42], and in
ovarian clear cell adenocarcinoma hypermethylation is an important
mechanism of IncRNA WT1-AS gene inactivation [43]. LncRNA WT1-
AS, as a tumor suppressor, promotes apoptosis of hepatocellular carci-
noma cells [44] and inhibits gastric cancer cells' proliferation and in-
vasion [45]. However, there are no reports on the prognostic value of
IncRNA WT1-AS in cervical cancer. According to the analysis of the
clinical data from the TCGA database, IncRNA WT1-AS was of no value
in the prognosis of cervical cancer patients. In the co-expression results,
WT1 had a connection to IncRNA WT1-AS, and WT1 also had little
prognostic value in cervical cancer.

In contrast, the expression of hypo-methylation-modified IncRNA
SOX21-AS1 was significantly higher in the cervical cancer group com-
pared to the normal group. LncRNA SOX21-AS1 is the antisense of
SOX21, and both are located on chr13q32.1. Our data showed sy-
nergistic effects on the increases of IncRNA SOX21-AS1 and SOX21
expression in cervical tumors (r = 0.9054, p < 0.0001). A study by
Yang et al. in 2016 showed that IncRNA SOX21-AS1 shares a bidirec-
tional promoter with SOX21, and the biological functions of IncRNA
S0OX21-AS1 were predicted by SOX21 functional annotation [36]. In the
present study, GSEA analysis of SOX21 suggested that IncRNA SOX21-
AS1 is involved in cellular biological processes and in sequence-specific
DNA binding of RNA polymerase II transcription factor in cervical
cancer. In a previous study, the enrichment of RNA polymerase II at
enhancer elements was shown to be dependent on the transcription of
IncRNAs in breast and prostate cancers [46]. Thus, IncRNA SOX21-AS1
might act as a molecular signal for transcriptional activity or might
guide specific complexes to the site of transcription.

According to the survival analysis, IncRNA SOX21-AS1 was a good
biomarker in cervical cancer and functioned as a tumor suppressor. It is
worth noting that the prognostic value of IncRNA SOX21-AS1 was not
the same as some have previously reported. LncRNA SOX21-AS1 has
been verified as an oncogene in tumorigenesis, and it is increased in
lung adenocarcinoma, promotes cancer cell proliferation, and is an
indicator of poor prognosis [47]. In hepatocellular carcinoma, silencing
of IncRNA SOX21-AS1 could suppress cell proliferation and metastasis
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and SOX21 expression in cervical cancer. (C) The functions of SOX21 using GSEA.

and promote cell cycle arrest [48]. LncRNA SOX21-AS1 was over-ex-
pressed in colorectal cancer, and the aberrant expression of IncRNA
SOX21-AS1 indicated poor prognosis in these patients [49]. Further-
more, IncRNA SOX21-AS1 has been shown to be up-regulated in Alz-
heimer's disease, and silencing of IncRNA SOX21-AS1 inhibits apoptosis
and reduces oxidative stress damage by activating the Wnt signaling

pathway [50]. Unlike what has been shown above in relation to cancer,
IncRNA SOX21-AS1 is not likely to be an oncogenic IncRNA in cervical
cancer. LncRNA SOX21-AS1 showed good prognosis in glioblastoma,
and it appeared to act as a protective IncRNA because its expression was
higher in the low-risk group [51].

There is increasing evidence for the tumor suppressor activity of
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IncRNA SOX21-AS1. For example, aberrant DNA hypermethylation-si-
lenced IncRNA SOX21-AS1 is an indicator of poor prognosis in patients
with oral cancer [36], and this is in line with our results. LncRNA
SOX21-AS1 plays different roles in different cancers, implying that
IncRNA SOX21-AS1, as a strong prognostic indicator, has obvious
tumor heterogeneity and important clinical value. However, how the
IncRNA SOX21-AS1 pathway is involved in the complex tumor en-
vironment is unclear. We found that IncRNA SOX21-AS1 might influ-
ence the occurrence of cervical cancer through the regulation of SOX2
by SOX21. A previous study showed that SOX21 overexpression in-
hibited the expression of SOX2 and induced apoptosis in glioblastoma
[52,53]. Ferletta et al. reported that downregulation of SOX2 using
siRNA reduced SOX21 expression at the protein and mRNA levels in
glioma cells, suggesting that SOX2 can positively regulate the tran-
scriptional activity of SOX21 [53]. There was a balance between SOX21
and SOX2 expression, and although SOX2 is an oncogene in cervical
cancer [54], the interaction of SOX21 and SOX2 is more likely to inhibit
cervical cancer progression. We inferred that overexpression of IncRNA
SOX21-AS1 enhanced the inhibitory effect of SOX21 on SOX2 and
suppressed the progression of cervical cancer because of the effect of
hypomethylation in the promoter region of the IncRNA SOX21-AS1
gene. In addition, the predominantly nuclear localization of IncRNA
SOX21-AS1 might avoid the RNA interference-silencing machinery in
the cytoplasm [36].

5. Conclusion

In summary, we describe the strong prognostic association of
IncRNA SOX21-AS1 in cervical cancer through the comprehensive ap-
plication of high-throughput chip technology, transcript sequencing,
and bioinformatics analysis. The tumor growth suppression in cervical
cancer as a result of increased IncRNA SOX21-AS1 expression and the
observation of a IncRNA SOX21-AS1-specific mechanism in cervical
cancer supports future development of IncRNA-based cervical cancer
therapies.
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