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Aberrant Methylation of the SOX21-AS1 Promoter Region Promotes
Gene Expression and Its Clinical Value in Cervical Cancer
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Abstract
Cervical cancer is the fourth most common female cancer worldwide. Long non-coding RNAs (lncRNAs), such as SOX21-AS1,
play pivotal roles in the progression and metastasis of cancer. We previously described that SOX21-AS1 was hypomethylated in
cervical cancer (CC) and aimed to further explore the relationship between methylation of the SOX21-AS1 promoter and CC using
clinical cervical samples. Pyrosequencing was performed to detect the methylation status of the SOX21-AS1 promoter in 33
cervical specimens. Additionally, expression levels of related genes in 43 clinical cervical specimens were measured using
quantitative real-time PCR (qRT-PCR). The SOX21-AS1 promoter was significantly hypomethylated in CC (P < 0.01). SOX21-
AS1 hypomethylation was also significantly associated with an advanced Federation of Gynecology and Obstetrics (FIGO) stage
(P < 0.01). The expression levels of SOX21-AS1 and SOX21 were noted to be higher in cancer vs. normal cervix (all P < 0.001).
Moreover, the expression of SOX21-AS1 was positively correlated with SOX21 in all samples (r = 0.891, P < 0.001). Methylation
statue of the SOX21-AS1 promoter region was negatively correlated with the expression levels of SOX21-AS1 and SOX21
(SOX21-AS1, r = − 0.628; SOX21, r = − 0.648; both P < 0.001). The methylation status of SOX21-AS1 displayed promising
diagnostic potential for CC, exhibiting good sensitivity (100.0%) and specificity (69.2%), with an area under the curve of 0.846.
In addition, bioinformatic analyses identified a potential link between SOX21-AS1 and the Wnt signaling pathway. Furthermore,
methylation status of SOX21-AS1 was negatively correlated with β-catenin/c-myc/cyclin D1 mRNA levels (rs = − 0.529, − 0.462
,and − 0.383, respectively, P < 0.05). Our findings illuminated that lncRNA SOX21-AS1 showed hypomethylation in cervical
cancer and SOX21-AS1 could serve as a novel biomarker for CC diagnosis or a potential therapeutic target.
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Introduction

In 2018, there were approximately 570,000 new cases and
311,000 new deaths worldwide owing to cervical cancer

(CC), making cervical cancer the fourth most common female
cancer [1]. In developing regions such as Middle, Southern,
and Eastern Africa, the number of cases was disproportionate-
ly high (> 85%) [2]. Persistent human papillomavirus (HPV)
infection is the leading cause of CC, although there are many
other contributory factors, such as epigenetic changes [3].
Basic screening tests for HPV detection and liquid-based cy-
tology (LBC) diagnoses have somewhat decreased the mor-
tality associated with CC [4–6]. However, these tests have
their limitations and are plagued by poor specificity [7].
Thus, it is a necessity to identify novel and reliable biomarkers
for CC.

Long non-coding RNAs (lncRNAs) are composed of more
than 200 nucleotides and do not encode proteins [8]. Although
not translated, lncRNAs have emerged as indispensable regu-
lators within various biological processes [9]. In particular,
lncRNAs are crucial participants in chromatin dynamics, gene
expression, and cancer [10]. They can serve as decoys,
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activators, or guides with the ability to bind DNA, RNA, or
protein [8, 11]. As lncRNAs are involved in transcriptional,
post-transcriptional, and epigenetic regulation, there have
been an increased number of studies implicating lncRNAs
within the progression of cancer [12]. Long non-coding
RNA CCAT1 promotes the proliferation and invasion of
colon cancer [13]. Long non-coding RNA H19 promotes
lung cancer proliferation and metastasis by inhibiting
miR-200a function [14]. Finally, lncRNA MEG3 can in-
duce cell cycle arrest and apoptosis to reduce the prolif-
eration of cervical carcinoma cells [15]. Highlighting that
lncRNAs can be used as an interesting diagnostic and
therapeutic target within cancer.

DNA methylation plays a critical role in transcriptional
regulation and is linked to various diseases, especially can-
cer [16]. In normal cells, DNA methylation is involved in
regulating gene expression [17], and aberrant methylation
can result in gene silencing or gene activation directly [18].
In previous studies, we utilized a genome-wide methylation
chip and described that hypomethylation of the SOX21-
AS1 promoter was associated with the pathogenesis of
CC [13]. SOX21-AS1 is the non-coding ribonucleic acid
of 3230 bp on human chromosome 13q32.1:94712716-
94715945, which is the antisense of SOX21 and shares a
head-to-head promoter with SOX21 [19]. We hypothesized
that abnormal methylation of the SOX21-AS1 promoter
may alter the expression of the associated genes and could
impact the progress of CC. Thus, more clinical samples
were required to clearly identify the relationship between
SOX21-AS1 methylation and CC.

In the current study, the methylation status of the SOX21-
AS1 promoter and expression levels of SOX21-AS1 and
SOX21 in clinical cervical samples were evaluated through
pyrosequencing and qRT-PCR, respectively. Besides, we in-
vestigated the association between the methylation status of
SOX21-AS1 and CC to evaluate the diagnostic potential of
this relationship. Here, the methylation status of SOX21-AS1
promoter was significantly lower in CC, suggesting that
SOX21-AS1 hypomethylation may be a novel biomarker for
the diagnosis of CC.

Materials and Methods

Clinical Samples

All the specimens were randomly selected from a prospective
collection of samples stored in our biological sample banks
between 2016 and 2018 at the Third Affiliated Hospital of
Zhengzhou University. In this study, the patients included in
the cancer group displayed cytological and pathological indi-
cations of squamous cervical carcinoma (SCC) and HPV in-
fection. Conversely, the patients included in the normal group

displayed cytological features of mild inflammation without
HPV infection. All patients were sexually active, not preg-
nant, without total hysterectomy, and no history of miscar-
riage, medical treatment, or surgery. Finally, a total of 43
clinical samples, including 23 normal cervical specimens (me-
dian age 48 years, range 26–65 years) and 20 cervical cancer
specimens (median age 50 years, range 28–68 years), were
randomly selected for this research. The clinical features of
the CC samples are listed in Table 1. Ethical consent was
obtained from the Ethics Committee of the Third Affiliated
Hospital, Zhengzhou University.

DNA Extraction and Bisulfite Modification

DNAwas extracted from the clinical samples using a QIAamp
DNA Blood Mini Kit (Qiagen, Germany) according to the
manufacturer’s instructions. The concentration and purity of
DNA was detected on a NanoDrop ND-2000 spectrophotom-
eter (Thermo Scientific,Wilmington, USA). The final concen-
tration of DNA samples was ≥ 30 ng/μl, and the OD260/
OD280 values were between 1.7 and 1.9. There were 10 spec-
imens that did not meet the necessary standard, and only 33
specimens were investigated in follow-up experiments.
Bisulfite conversion was performed using the EpiTect
Bisulfite Kit (Qiagen, Germany) according to the manufac-
turer’s instructions, and the bisulfite-treated DNA was puri-
fied on columns.

DNA Amplification and Pyrosequencing

Pyrosequencing was performed to detect the methylation
levels. The target sequence focused on chromosome (chr)
13: 94714102-94715945 and the CpG site (nucleotide posi-
tions 4202) located in the 5′UTR of the promoter region of
SOX21-AS1 (Fig. 1a). Amplification and sequencing primers
used in the study were designed using Primer Premier 5.0
software (Premier, Canada; Table 2). To perform the polymer-
ase chain reactions (PCRs), 10 μl 5 × PCR reaction buffer,
1 μl of a dNTP mix (10 mM/each), 1 μl of forward primer
(50 pM/μl), 1 μl of reverse primer (50 pM/μl), 2 μl of DNA
template, 0.2 μl of Taq polymerase (5 U/μl), and 34.8 μl of
H2O (total reaction volume of 50 μl) were added to PCR
tubes. The PCR cycle conditions were as follows: preheating
at 95 °C for 3 min, followed by 40 cycles of denaturation at
94 °C for 30 s, annealing at 50 °C for 30 s, extension at 72 °C
for 1 min, and 1 cycle of sequencing at 72 °C for 7 min. The
size and specificity of the PCR product was verified by aga-
rose gel electrophoresis. A PyroMark Q96 ID (Qiagen,
Germany) was used to perform pyrosequencing, and Pyro
Q-CG software was used to perform the assay setup, run the
sequence, and analyze results.
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Quantitative Real-Time PCR

Primer design: Primers to amplify the SOX21-AS1 and
SOX21 gene sequences (accession numbers NR_046514.1
and NM_007084.4, respectively) were designed using
PyroMark Assay Design 2.0 software. GAPDH was used as
an internal reference gene for calibration (Tables 3). RNA
extraction: Total RNA was extracted using Trizol (Toyobo,
Japan) in 43 clinical specimens, and the RNA concentrations
were quantified on a NanoDrop ND-2000 spectrophotometer
(Thermo Scientific,Wilmington, DE, USA). Reverse transcrip-
tion: 1 μg RNA was reverse transcribed into cDNA using the
ReverTra Ace qPCR RT Kit (Toyobo, Japan). Quantitative
real-time PCR: qRT-PCR was conducted using the fluores-
cence quantitative PCR kit (Toyobo, Japan) on a
StepOnePlus™ Real-Time PCR System (ABI, Foster City,
CA, USA) according to the manufacturer’s instructions. PCR
was performed in a 20μl reactionmixture containing 10 μl 1 ×
PCRMaster Mix, 0.8 μl forward primer (0.4 μM/μl), 0.8 μl of
reverse primer (0.4 μM/μl), 2 μl of DNA template, and 6.4 μl
of H2O. The PCR reaction was conducted using the following
conditions: preheating at 95 °C for 1 min, followed by 40
cycles of 95 °C for 15 s, 60 °C for 15 s, and 72 °C for 45 s.
The specificity of the amplified products was verified via a
melting curve.

Bioinformatic Prediction

Multi-experimental matrix (MEM: http://biit.cs.ut.ee/mem/) is
a web resource which provides common available gene
expression datasets for a large number of different tissues,
cells, and diseases [20]. MEM was used to predict genes co-

expressed of SOX21-AS1 by selecting suitable species and
microarray platform types. Enrichment analysis was per-
formed using the Database for Annotation, Visualization,
and Integrated Discovery (DAVID, https://david.ncifcrf.gov/
home.jsp) v6.8 to predict potential biological pathways
associated with SOX21-AS1.

Statistical Analysis

SPSS 23.0 software (SPSS, Inc., Chicago, IL, USA) was used
for statistical analysis. t test and one-way ANOVA were used
for comparing the methylation status of SOX21-AS1 between
the different groups. The Mann-Whitney test was used to
compare the expression levels of SOX21-AS1 and SOX21
between groups. The Spearman rank correlation was used to
evaluate the changes of SOX21-AS1/SOX21 expression and
the association between SOX21-AS1 methylation and corre-
sponding gene expression. P values of < 0.05 were considered
statistically significant.

Results

Hypomethylation Status of SOX21-AS1 in CC

The promoter methylation status of the CpG site (4202) in
SOX21-AS1 was quantified in 33 cervical LBC samples
(Fig. 1b–c). We found that methylation of the SOX21-AS1
promoter was significantly lower in CC samples compared
with the normal samples (t = 3.459, P < 0.01; Fig. 2a). All
cervical cancer samples were classified into a hypermethyla-
tion group (n = 4) and a hypomethylation group (n = 9)

Table 1 Clinicopathological
features associated with long non-
coding RNA SOX21-AS1 meth-
ylation in cervical cancer patients

Number Methylation levels P value

High Low

Age < 50 6 1 5 0.796

≥ 50 7 3 4

Tumor size (cm) < 4.0 8 4 4 0.059

≥ 4.0 5 0 5

Histologic grade G1 + G2 8 3 5 0.441

G3 5 1 4

FIGO stage I 5 4 1 0.004

II 5 0 5

III 3 0 3

Lymph node metastasis No 9 4 5 0.323

Yes 4 0 4

Depth of cervical invasion < 2/3 8 4 4 0.108

≥ 2/3 5 0 5

FIGO Federation of Gynecology and Obstetrics
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according to the median methylation level of SOX21-AS1.
Here we observed that the methylation level of SOX21-AS1
in FIGO stage III samples was significantly lower than that of
stage I or stage II samples (P < 0.01, Fig. 2b). However, no
significant differences were observed between methylation
and other clinical features (P > 0.05).

Overexpression of SOX21-AS1 and SOX21 in CC

In this study, qRT-PCR was performed using total RNA from
all 43 samples to detect the expression levels of SOX21-AS1

Table 3 Primer sequences for gene expression study of SOX21-AS1
and SOX21 by QRT-PCR

Primer name Primer sequence (5′→ 3′)

SOX21-AS1-F CCTAACCCTTCACAACCAAA
GA

SOX21-AS1-R CTCAACCAGATTCAGGCAAGA

SOX21-F GCTGCTTGTGTCATTCGTTTC

SOX21-R GGTTGGGAGTTCTGCTTGAG

GAPDH-F AGAACGGGAAGCTTGTCATC

GAPDH-R CATCGCCCCACTTGATTTTG

Table 2 Primer sequences for methylation study of SOX21-AS1 by
pyrosequencing

Primer name Primer sequence (5′→ 3′)

cg11007120-F TGTAAGTAGTTTTTTTGGAAGAGAGA

cg11007120-R ATACTTAACATAAAAATATTCCAACACT

cg11007120-S TTTGGAAGAGAGAAGTAAAA

Fig. 1 The methylation status of a CpG dinucleotide in SOX21-AS1 was
assessed by pyrosequencing. a The detection site of SOX21-AS1, which
is located in the promoter regions. Cg11007120 is the number of the CpG

site. b Methylation status of this site in CC. c Methylation status of this
site in normal group. CC, cervical cancer
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and SOX21. The expression levels of SOX21-AS1 and
SOX21 was significantly increased in CC compared with
the normal cervix (SOX21-AS1: Z = − 4.602, P < 0.001;
SOX21; Z = − 4.992, P < 0.001, Fig. 3a). Moreover, SOX21-
AS1 expression was directly correlated with SOX21 expres-
sion in the 43 LBC specimens (r = 0.891, P < 0.001, Fig. 3b).

The Relationship Between Methylation and
Expression of SOX21-AS1 in CC

To further analyze the relationship between promoter methyl-
ation and gene expression of SOX21-AS1, the qRT-PCR re-
sults were compared with the methylation status of the
SOX21-AS1 promoter. The expression level of SOX21-AS1
in the cancer group was significantly higher than that of nor-
mal group, and this increase in SOX21-AS1 expression was

correlated with a decrease in its methylation status (r = −
0.628, P < 0.001; Fig. 3c). Similarly, the expression of
SOX21 also increased with the decrease in SOX21-AS1
methylation (r = − 0.648, P < 0.001; Fig. 3c).

SOX21-AS1 Methylation as a Potential Diagnostic
Biomarker of CC

Receptor operating characteristic curve (ROC) analysis was
performed to assess the diagnostic potential of SOX21-AS1.
We observed that the methylation status of SOX21-AS1 had
high potential to reliably diagnose CC (area under the curve of
0.846; Table 4). When the Youden index was at its maximum
value, SOX21-AS1 methylation showed 100.0% sensitivity
and 69.2% specificity in the ROC analysis (Fig. 4a).

Fig. 3 Expression levels of
SOX21-AS1 and SOX21 in 43
LBC specimens. a lncRNA
SOX21-AS1 and mRNA SOX21
were expressed in cervical cancer
and normal samples. b
Correlation coefficients of
SOX21-AS1 and SOX21
expressions in the LBC
specimens. c Correlation
coefficients of SOX21-
AS1&SOX21 expressions and
methylation levels, respectively.
LBC, liquid-based cytology.
***P < 0.001

Fig. 2 The methylation status of
SOX21-AS1 from 33 clinical
samples. a Methylation levels in
normal and CC samples. b
Methylation levels in cancer
groups of I, II, and III FIGO
stages. CC, cervical cancer;
FIGO, Federation International of
Gynecology and Obstetrics.
**P < 0.01
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SOX21-AS1-Related Pathways in CC

The MEM was used in order to search for genes co-
expressed with SOX21-AS1. We chose a collection named
the Affymetrix GeneChip Human Genome U133 Plus 2.0
with 1794 datasets as the platform, which included the larg-
est number of genes co-expressed with SOX21-AS1.
DAVID was used to perform gene enrichment analysis and
identify possible pathways associated with SOX21-AS1 ex-
pression. Co-expression results showed that SOX21-AS1
was associated with FZD3/FRAT2/VANGL2, suggesting
the potential involvement of the Wnt signaling pathway
(Fig. 4b).

Analysis of the Relationship Between SOX21-AS1
Methylation and Wnt Signaling Pathway

In this study, qRT-PCR was performed to detect the expression
ofβ-catenin/c-myc/cyclinD1 mRNA in 43 cases of CC, and the
results were compared with SOX21-AS1 methylation status.
The β-catenin/c-myc/cyclin D1 expression levels were

significantly higher than that in normal cervix (all P < 0.01;
Fig. 5a). Besides, the β-catenin/c-myc/cyclin D1 expression
levels increased with the decrease of SOX21-AS1 methylation
(rs = − 0.529, − 0.462 and − 0.383, respectively, P < 0.05; Fig.
5b).

Discussion

The biological responses of hosts infected with different types
of HPV are very different; even the same type of HPV infec-
tion can cause different clinical outcomes. It was therefore
suggested that there are other important factors involved in
the malignant process associated with CC. For instance,
Hoppe-Seyle et al. inferred that lncRNAs may regulate the
carcinogenic processes associated with HPV infection [21].
Besides, epigenetic modifications, especially DNA methyla-
tion, are an essential trigger in cancer progression [17, 22].
LncRNA SOX21-AS1 promoter region contains a number of
CpG dinucleotides in the conserved palindromic sequence,
which is a potential target for DNA methylation in the host
cell. Our previous study reported that the SOX21-AS1 pro-
moter region has a hypomethylated site in cervical cancer
through the comprehensive application of high-throughput
chip technology [23]. Thus, we used clinical samples to detect
the promoter methylation status of SOX21-AS1. In the current
study, the methylation status of a CpG site in the SOX21-AS1
promoter region was successfully detected through pyrose-
quencing. Our analysis showed that SOX21-AS1 undergoes
hypomethylated in CC, which is in line with our previous
studies. In addition, clinical assays indicated that SOX21-

Fig. 4 ROC curves analysis and bioinformatic analysis for SOX21-AS1
in CC. a ROC curve analysis for SOX21-AS1 methylation status as a
diagnostic tool for CC; each point on the ROC curve represents a

sensitivity/specificity pair. b Co-expression genes and related pathways
of SOX21-AS1 and hsa04310: Wnt signaling pathway. CC, cervical can-
cer; ROC, receiver operating characteristic

Table 4 AUC, sensitivity, and specificity of SOX21-AS1 methylation
for prediction of cervical cancer diagnosis

Assay AUC 95% CI P Sensitivity Specificity
LB UB (%) (%)

cg11007120 0.846 0.699 0.994 0.001 100 69.2

AUC area under the ROC curve, CI confidence interval, LB lower bound,
UB upper bound
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AS1 hypomethylation was significantly associated with ad-
vanced clinical progression, including FIGO stage, indicating
that dysregulation of SOX21-AS1 may influence the clinical
outcome of CC. ROC curve analysis indicated that SOX21-
AS1 methylation had good specificity and sensitivity in the
diagnosis of CC. Taken together, our study provided impor-
tant evidence for SOX21-AS1 hypomethylation in CC and
could be used as a potential biomarker.

Epigenetic plays an important role in biological processes
of cancer [24, 25]. The hypomethylation of SOX21-AS1 pro-
moter region can upregulate expression of related gene and
participate in the occurrence and development of CC. Thus,
this study further compared the differential expression pat-
terns of SOX21-AS1 and SOX21. Our data showed that the
expression levels of SOX21-AS1 in CC were significantly
higher than that in the control group, consistent with that of
Zhang et al., who suggested that SOX21-AS1 expression was
significantly upregulated in both CC tissues and cell lines
[26]. Importantly, we first reported that the expression of
SOX21 was significantly upregulated in CC. Combined with
SOX21-AS1 methylation, our results suggested that the up-
regulation of SOX21-AS1 and SOX21 expression in CC was
influenced by SOX21-AS1 hypomethylation. Besides, we al-
so found that the expression level of SOX21-AS1 was posi-
tively correlated with SOX21, suggesting that theymay have a
shared biological function. Our previous study found that
SOX21 was involved in epidermal development and nucleic

acid binding of transcription factors through GSEA analysis
[23]. To sum up, these finding revealed that SOX21-AS1 may
enhance the transcriptional activity of some factors to stimu-
late cell proliferation. Of note, the differences in gene expres-
sion were much larger in comparison with the differences in
methylation, indicating that there were other factors involved
in the dysregulation of SOX21-AS1 in CC, which needed
further study.

Previous studies focused on the expression level of
SOX21-AS1 in tumors; however, there were few studies on
SOX21-AS1 methylation. Yang et al. reported that SOX21-
AS1 methylation is more common in oral cancer, which pro-
motes the growth and invasion of oral cancer cells [19]. In
contrast to this study, our study showed that hypomethylation
of SOX21-AS1 occurred in CC. There are two main reasons
for these inconsistencies. First, DNA methylation was detect-
ed using a variety of techniques, and some assays could not
quantify methylation adequately at individual CpG sites.
Second, the source of the samples used for these experiments
is different. Yang’s research was carried out on oral tissues,
whereas our research was carried out on cervical exfoliated
cells. However, our data suggested that SOX21-AS1 appears
to play different roles in different cancers, implying that
SOX21-AS1 has obvious tumor heterogeneity and important
diagnostic potential.

In this study, we predicted that SOX21-AS1 may influence
the progress of CC through Wnt signaling pathway based on

Fig. 5 Expression levels of β-catenin/c-myc/cyclin D1 mRNA in 43
samples and the relationship between SOX21-AS1 methylation and
Wnt signaling pathway. a Expression levels of β-catenin/c-myc/cyclin

D1 mRNA in normal group and cancer group. b Correlation coefficients
ofβ-catenin/c-myc/cyclin D1 expression levels and methylation status of
SOX21-AS1, respectively. **P < 0.01
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bioinformatic analysis. Wang et al. also reported that silencing
of SOX21-AS1 inhibits apoptosis and reduces oxidative stress
damage by activating the Wnt signaling pathway [27]. The
quantitative RT-PCR results confirmed that the expression
level of β-catenin/c-myc/cyclinD1 in CC was significantly
increased. In addition, our data showed that the β-catenin/c-
myc/cyclin D1 expression levels increased with the decrease
of SOX21-AS1 methylation. Thus, the results of our research
further support the hypothesis that SOX21-AS1 hypomethy-
lation may promote the progress of CC via the Wnt signaling
pathway.

However, the small number of clinical samples used in this
study was a limitation, and future studies will expand on the
clinical sample size and follow-up with these patients. In ad-
dition, we would investigate the methylation status of SOX21-
AS1 in a cell model to further understand the molecular mech-
anisms underlying the progression of CC.

Conclusions

In summary, our work provided new evidence regarding the
methylation status of the SOX21-AS1 promoter region in CC.
A decrease in the promoter methylation status of SOX21-AS1
was associated with an increase in cervical lesion severity and
increased expression of SOX21-AS1 and SOX21. This study
further confirmed that epigenetic alterations to SOX21-AS1
are related to the pathophysiology of CC. Therefore, hypome-
thylation of SOX21-AS1 may be regarded as a promising
biomarker for CC diagnosis and therapy.
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