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Abstract
Purpose ‒ This study explores the effects and mechan-
isms of the long noncoding RNA (lncRNA) UBE2R2-AS1
activity in the cervical cancer development.
Methods ‒ Thirty-four pairs of normal adjacent and
cancer tissues were collected from cervical cancer patients.
Pathology was evaluated by HE staining, and UBE2R2-AS1
expression was evaluated by in situ hybridization assays.
HeLa and SiHa cells were respectively divided into negative
control, pcDNA 3.1 vehicle control and lncRNA-expressing
groups. Cell proliferation and apoptosis were measured
by CCK8 expression and flow cytometry. The number of
invading cells and the wound healing rate were measured
by transwell and wound healing assays, respectively.
Relative protein levels (caspase-3, caspase-8, MMP-2 and
MMP-9) were measured by Western blot.
Results ‒ Compared with adjacent normal tissues,
UBE2R2-AS1 expression was significantly suppressed
in cancer tissues correlated with the increasing stage.
UBE2R2-AS1 suppressed cell proliferation and enhanced
apoptosis, as well as decreased cell invasion and wound
healing in cervical cancer cell lines. UBE2R2-AS1 overex-
pression significantly upregulated caspase-3 and caspase-8
protein expressions and significantly downregulated MMP-
2 and MMP-9 protein expressions by Western blot.
Conclusion ‒ UBE2R2-AS1 suppressed cervical cancer
cell biological activities and might represent an anti-
tumor factor in cervical cancer.

Keywords: UBE2R2-AS1, cervical cancer, biological activ-
ities, HeLa, SiHa

1 Introduction

Cervical cancer has become the second most common ma-
lignant tumor after breast cancer and the third leading
cause of cancer death in women worldwide [1–3]. The pro-
phylactic human papillomavirus vaccine is important for
the prevention of cervical cancer; however, the late relapse
of cervical cancer cannot be easily treated, resulting in the
highmortality rate, and the pathogenesis of cervical cancer
remains unclear. Therefore, there is an urgent need to
explore the molecular mechanism of cervical cancer cell
invasion and metastasis and to find effective molecular
therapeutic targets for diagnosis and treatment.

Long noncoding RNAs (lncRNAs; nontranslated RNA of
more than 200 nucleotides) are involved in biological func-
tions primarily through epigenetic, transcriptional, and post-
transcriptional regulation of gene expression. lncRNAs with
protein-coding capabilities have also recently been identified
[4–6]. The latest evidence suggests that lncRNAs have essen-
tial biological functions closely related to human cancers
[7,8]. A number of lncRNAs closely related to cancer have
been identified to function in the regulation of pathogenic
genes of cervical cancer, such as HOTAIR, H19, GAS5, and
MEG3 [9–12]. These represent important molecular targets, as
well as a theoretical basis for the research of the pathogenesis
of cervical cancer and early diagnosis and treatment. A recent
study has shown that the lncRNA UBE2R2-AS1, a tumor sup-
pressor gene, is abnormally expressed in neuroglioma [13].
However, the expression and the role of the lncRNA UBE2R2-
AS1 in cervical cancer are unclear. This study focuses on
lncRNA UBE2R2-AS1 expression in cervical cancer cells and
its effect on the biological activities of cells.

2 Materials and Methods

2.1 Clinical Samples

Thirty-four pairs of cervical tumor and adjacent tissues of
patients who had been diagnosed with cervical cancer
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and undergone radical resections at the Department of
Obstetrics and Gynecology of the China–Japan Friendship
Hospital from 2016 to June 2018 were obtained. After resec-
tion, the tissues were immediately stored in liquid nitrogen
for subsequent experiments. All enrolled patients signed
the informed consent form and agreed to the use of the
specimens in the present study. No patient received radio-
therapy or chemotherapy before enrolment, and there was
no history of major organ dysfunctionality. Samples were
fixed in 4% paraformaldehyde for 24 h and embedded in
paraffin. The ethics committee of Sino Japanese Friendship
Hospital approved the present study, and all patients or
their families signed informed consent.

2.2 Pathological H&E staining

Embedded paraffin tissueswere sectioned as 4 µm followed
by dewaxing, washing off residual xylene, hematoxylin
staining, bluing and color separation, eosin staining, dehy-
dration, transparency, and sealing. The stained sections
were observed under optical microscopy.

2.3 In situ hybridization (ISH) staining

Samples were sectioned and dewaxed with xylene. After
residual xylene was removed with 100% ethanol, sections
were baked at 45–50°C℃ for 2–5min and washed in 2×
SSC buffer for 3min. Sections were incubated in 1M sodium
cyanide isosulfate (NaSN) at 80°C for 30min and washed in
2× SSC buffer for 3min. Samples were placed in 70% forma-
mide/2× SSC solution preheated to 75°C for denaturation for
7min. Afterward, they were immediately placed in 70, 85,
and 100% ethanol precooled to −20°C for gradient dehydra-
tion and dried naturally. The probe was incubated at 75°C for
denaturation for 7min, and the samples were maintained at
48°C for hybridization. The dried sections were preheated to
48°C for 5min. A 10 µL probe (Boster Biological Technology,
Wuhan, China) was gently applied onto the tissue samples,
and the samples were immediately covered with a coverslip
and a sealing film. Samples were placed in a wet box at 43°C
overnight for hybridization. After hybridization, the sealing
film and the coverslip were removed, and the samples were
preheated to 48°C. Then, they were washed in 50% forma-
mide/2× SSC solution three times for 5min each, washed in
2× SSC buffer for 10min, washed in 0.11% NP-40/2× SSC
solution for 5min, washed in 75% solution at room tempera-
ture for 3min, and dried in the dark. A total of 15 µL DAP 1

was applied, and then, the sectionswere sealed and placed in
the dark for 20min. The expression levels of the lncRNA
UBE2R2-AS1 were analyzed using Image J software.

2.4 Cell lines and culture

Human cervical cancer cell lines HeLa and SiHa were pur-
chased from the cell bank of the Chinese Academy of
Sciences (Shanghai). All cells were cultured with 10%
heat-inactivated fetal bovine serum, 100 IU/mL strepto-
mycin, and 100 µg/mL penicillin in Dulbecco’s modified
Eagle’s medium (DMEM) and incubated in humidified air
containing 5% CO2 at 37°C.

2.5 Cell culture and transfection

HeLa and SiHa cells were incubated in six-well plates and
cultured in RPMI1640 medium containing 10% fetal bovine
serum in a cell culture incubator containing 5% CO2 at 37°C.
Cells were split into a 25mm2 culture dish. Once cells reached
80% confluence, cells were transfected with pcDNA 3.1
(Invitrogen, Carlsbad, CA) using a transfection reagent
(Roche, Germany) and harvested 48 h later. The lncRNA
UBE2R2-AS1 sequence was constructed by Nanjing KeyGen
Biotech. RT-PCR assay was used to determine the expression
level of the lncRNA UBE2R2-AS1 in each experimental group.

2.6 qRT-PCR

Total cellular RNAs were extracted using RNeasy Mimi Kit
(QIAGEN). cDNA was synthesized using cDNA Reverse
Transcription Kit (Invitrogen, Thermo Fisher Scientific).
Quantitative real-time PCR (qRT-PCR) was conducted on a
QS6 Fast Real-Time PCR system (Thermo Fisher Scientific)
using SYBR Green Master Mix or TaqMan Master Mix
(Invitrogen, Thermo Fisher Scientific). The relative expres-
sion of lncRNA UBE2R-AS1 was calculated by the 2−ΔΔCt

method. Primer sequences used are presented in Table 1.

2.7 CCK-8 assay for cell proliferation

Cells were transfected in a six-well culture plate (5 × 103

cells per well) for 48 h. Each experimental group had
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three replicates. Ten microliters of CCK-8 solution were
added, and after 2 h of incubation, the absorbance value
(optical density) of each well was measured by a micro-
plate reader at 450 nm wavelength. Cell proliferation
activities were recorded and calculated.

2.8 Flow cytometry for apoptosis

Forty-eight hours after transfection, cells were trypsinized
and collected in a 15mL centrifuge tube and centrifuged at
800 × g for 3min. A cell suspension was prepared with
1mL of phosphate-buffered saline solution. Samples were
suspended in 200 µL of binding buffer, and then, 5 µL of
Annexin V-FITC and propidium iodide (PI) staining solu-
tion were added to each tube. The samples were tested
using a FACSAria Type II flow cytometer (BD, USA), and
the apoptotic rate was recorded.

2.9 Transwell chamber assay for cell
invasion

Forty-eight hours after transfection, cells were harvested,
and the cell concentration was adjusted to 5 × 105 cells/mL
with serum-free medium. Three hundred microliters of
serum-free medium was added to the transwell chamber.
Then, 500 µL of medium containing 10% serum and 300 µL
of single-cell suspensions were added to the lower chamber
of transwell. After incubation for 24 h, 500 µL of 0.1% solu-
tion was used to stain the cells, which were then counted
via microscopy, and the cell invasion rate was recorded.

2.10 Wound healing test for cell migration

Forty-eight hours after transfection, when cell density
reached 60%, a 10 µL white pipette tip was used to gently
draw three to five equidistant parallel lines at the bottom

of the dish. The cells were photographed 24 and 48 h after
wounding. The scratch area at each time point was cal-
culated, and the wound healing rate of the cells was
recorded.

2.11 Western blot assay

RIPA buffer was used to lyse cells, and the total protein
concentration was quantified using the BCA method. The
samples were loaded at 30 µg per well and transferred to the
PVDF membrane following electrophoresis. After blocking,
rabbit anti-human caspase-3 (1:1,000), caspase-8 (1:1,000),
MMP-2 (1:1,000), MMP-9 (1:1,000), and GAPDH (1:500)
were added, and the samples were incubated at 37°C for
2 h. After washing, horseradish peroxidase-labeled goat
antirabbit and goat antimouse IgG were added. Images
were obtained using an ECL gel imaging system to obtain
the target protein expression band.

2.12 Statistical analysis

Statistical analysis was conducted using IBM SPSS Statistics
Version 21.00 software. Measurement data were expressed
as means ± standard deviation (means ± SD). Two indepen-
dent samples or multiple sets of samples were analyzed by
t-test or one-wayANOVAwith a significance level of P ≤ 0.05.

3 Results

3.1 Clinical pathology and lncRNA UBE2R2-
AS1 expression

Cell invasion and migration were aggravated in cervical
cancer tissues positively correlated with the increasing
stage (Figure 1a). Compared with adjacent normal tis-
sues, lncRNA UBE2R2-AS1 expression in cervical cancer
tissues was significantly decreased with the increasing
stage (P < 0.01, Figure 1b).

3.1.1 Cell viability in HeLa and SiHa cell lines

Cell morphology in HeLa and SiHa cell lines was not sig-
nificantly different among treatment groups in HeLa and

Table 1: The primes sequence in this study

Name F&R
primes

Prime sequences from 5′–3′ Size

UBE2R2-AS1 F GTCTGGGTAGTCAGCTGTGAGG 129 bp
R TCTCCAGAGGCAGTGTTCCTC

GAPDH F AGCCACATCGCTCAGACAC 197 bp
R GCCCAATACGACCAAATCC
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SiHa cells. These results indicate that UBE2R2-AS1 trans-
fection did not affect cell morphology. Compared with the
negative control (NC) group, the cell viability of lncRNA-
transfected groups was significantly decreased in HeLa
and SiHa cell lines (Figure 2a and b).

3.1.2 The cell apoptosis by flow cytometry assay

The rate of cellular apoptosis in lncRNA-transfected groups
was significantly increased compared with those of the NC
group (P < 0.001, Figure 3a and b); meanwhile, there were

Figure 1: Clinical pathology and lncRNA UBE2R2-AS1 expression. Adjacent: adjacent normal tissues; I–II stage: I–II stage cervical cancer
tissues; III–IV stage: III–IV stage cervical cancer tissues. (a) Clinical pathology by HE staining (200×) and lncRNA UBE2R2-AS1 mRNA
expression. **P < 0.01 and ***P < 0.001, compared with NC group. (b) lncRNA UBE2R2-AS1 expression by ISH assay (200×) **P < 0.01,
***P < 0.001, compared with NC group.

Figure 2: The cell viability of difference groups by CCK-8 in HeLa and SiHa cell lines. NC: normal control group; pcDNA 3.1: the cells were transfected
with pcDNA3.1; lncRNA: the cells were transfected with UBE2R2-AS1 by pcDNA3.1. (a) The cell viability of difference groups by CCK-8 in HeLa cell.
***P < 0.001, compared with NC group. (b) The cell viability of difference groups by CCK-8 in SiHa cell. ***P < 0.001, compared with NC group.
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no significant differences between the NC and pcDNA 3.1
vehicle-transfected groups in HeLa and SiHa cell lines.

3.1.3 The lncRNA UBE2R2-AS1 affects cell invasion in
HeLa and SiHa cell lines

Compared with the NC group, the number of invading
cells in the lncRNA-transfected groups was significantly
lower (P < 0.001, Figure 4a and b). There were no

significant differences between the NC and pcDNA 3.1
vehicle-transfected groups in HeLa and SiHa cell lines.

3.1.4 The lncRNA UBE2R2-AS1 affects cell migration in
HeLa and SiHa cell lines

Compared with the NC group, the wound healing rate of
lncRNA-transfected groups was significantly decreased
(P < 0.001, Figure 5a and b) after 24 and 48 h. There

Figure 3: The cell apoptosis rate of difference groups by flow cytometry in HeLa and SiHa cell lines. NC: normal control group; pcDNA 3.1: the
cells were transfected with pcDNA3.1; lncRNA: the cells were transfected with UBE2R2-AS1 by pcDNA3.1. (a) The cell apoptosis rate of
difference groups by flow cytometry in HeLa cell. ***P < 0.001, compared with NC group. (b) The cell apoptosis rate of difference groups by
flow cytometry in SiHa cell. ***P < 0.001, compared with NC group.

Figure 4: UBE2R2-AS1 affected invasion cell number of difference groups in HeLa and SiHa cell lines (200×). NC: normal control group;
pcDNA 3.1: the cells were transfected with pcDNA3.1; lncRNA: the cells were transfected with UBE2R2-AS1 by pcDNA3.1. (a) UBE2R2-AS1
affected invasion cell number of difference groups in HeLa cell. ***P < 0.001, compared with NC group. (b) UBE2R2-AS1 affected invasion
cell number of difference groups in SiHa cell. ***P < 0.001, compared with NC group.
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were no significant differences between the NC and pcDNA
3.1 vehicle-transfected groups in HeLa and SiHa cell lines.

3.1.5 The lncRNA UBE2R2-AS1 affects relative protein
expressions by WB assay

Compared with the NC group, expressions of caspase-3
and caspase-8 proteins were significantly upregulated,
and expressions of MMP-2 and MMP-9 proteins were sig-
nificantly downregulated in lncRNA-transfected HeLa and
SiHa cell lines (P < 0.001, Figure 6a and b). There were
no significant differences between the NC and pcDNA 3.1
vehicle-transfected groups in HeLa and SiHa cells.

4 Discussion

Cervical cancer is one of the most common types of malig-
nant tumor in middle-aged and older women. The patho-
genesis of this disease remains unclear, and the existing
treatment methods are largely ineffective. Invasion and
metastasis of cervical cancer cells are the main causes of
death in patients with cervical tumors. Therefore, there is
an urgent need to explore the mechanisms of invasion and

metastasis of tumor cells and to seek new therapeutic tar-
gets and strategies. This could provide new ideas for redu-
cing the mortality of patients with cervical tumors.

lncRNAs have been a research hotspot in recent
years. A series of studies have demonstrated that the ex-
pression of lncRNAs is closely related to the occurrence
and the development of tumors. Unlike mRNAs that code
proteins, most lncRNAs are expressed in an extremely
tissue-specific manner. Yang et al. found that the expres-
sion of the lncRNA PVT1 is abnormally elevated in the
serum of patients with cervical cancer. This closely cor-
related with the tumor size and the clinical stage of pa-
tients and could be used as a molecular marker for the
early diagnosis of cervical cancer [14]. Cao et al. found
that the expression level of the lncRNA SPRY4-IT1 in cer-
vical cancer tissues was higher than that in adjacent tis-
sues. This could be used as an independent molecular
marker to determine the survival and the prognosis of
patients with cervical cancer [15]. lncRNAs play an
important role in the occurrence and the development
of cervical cancer; however, only a small number of
lncRNAs have been well studied, whereas the expression
and functions of most lncRNAs have not been fully
investigated.

The lncRNA UBE2R2-AS1 is a newly discovered lncRNA
[13,16]. In the present study, tumor and adjacent normal

Figure 5: UBE2R2-AS1 affected the wound healing rate of difference groups in HeLa and SiHa cell lines by wound healing assay (100×). NC:
normal control group; pcDNA 3.1: the cells were transfected with pcDNA3.1; lncRNA: the cells were transfected with UBE2R2-AS1 by
pcDNA3.1. (a) UBE2R2-AS1 affected wound healing rate of difference groups in HeLa cell. ***P < 0.001, compared with NC group.
(b) UBE2R2-AS1 affected wound healing rate of difference groups in SiHa cell. ***P < 0.001, compared with NC group.
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Figure 6: UBE2R2-AS1 affected relative proteins expressions by WB assay. NC: normal control group; pcDNA 3.1: the cells were transfected
with pcDNA3.1; lncRNA: the cells were transfected with UBE2R2-AS1 by pcDNA3.1. (a) UBE2R2-AS1 affected relative proteins expressions by
WB assay in HeLa cell. ***P < 0.001, compared with NC group. (b) UBE2R2-AS1 affected relative proteins expressions by WB assay in SiHa
cell. ***P < 0.001, compared with NC group.
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tissues were collected from patients with cervical cancer,
and ISH was used to examine the difference in lncRNA
UBE2R2-AS1 expression. These results showed that
UBE2R2-AS1 expression was significantly lower in cer-
vical cancer tissues. In subsequent cell experiments,
UBE2R2-AS1 was transfected into HeLa and SiHa cells,
and proliferation, invasion, and migration of cervical
cancer cell lines HeLa and SiHa were significantly in-
hibited. To further explore the specific mechanism of
UBE2R2-AS1 in cervical cancer, the expression of re-
lated proteins was investigated.

In the present study, flow cytometry confirmed that
after UBE2R2-AS1 was transfected into HeLa and SiHa
cells, apoptosis was evident. A key step in inducing apop-
tosis is the activation of caspase-3, which is inseparable
from the activation of upstream factor caspase-8. The
activation of caspase-3 represents the point of no return
in apoptosis [17]. Western blot assays showed that the
activities of caspase-3 and caspase-8 were significantly in-
creased following overexpression of UBE2R2-AS1. These cas-
pases can execute caspase cascades and induce apoptosis by
regulating the release of cytochrome c in mitochondria
[18,19]. UBE2R2-AS1 overexpression leads to the activation
of caspase-3 and caspase-8, which may be the cause of in-
creased apoptosis in HeLa and SiHa cells and thus inhibit
cell proliferation.

MMPs are calcium-dependent zinc-containing endo-
genous peptidases that degrade various ECM proteins
[20,21]. One of the main significance of MMPs in cancer
stress is this role in ECM degradation. Together with
MMP-9, MMP-2 can degrade the most abundant compo-
nent of the basement membrane, type IV collagen. De-
gradation of the ECM causes cancer cells to metastasize
from primary tumors [22–24]. In the present study, fol-
lowing transfection of UBE2R2-AS1 into HeLa and SiHa
cells, the invasion and migration of cervical cancer cell lines
were significantly inhibited. WB assays showed that the ex-
pression levels of MMP-2 and MMP-9 proteins were signifi-
cantly reduced, indicating thatUBE2R2-AS1 inhibits the inva-
sion and the migration of cervical cancer cells by regulating
MMP-2/9 expression.

In conclusion, UBE2R2-AS1 is an important tumor
suppressor gene in cervical cancer, and its expression
level correlates with the occurrence of cervical cancer.
UBE2R2-AS1 is a potential therapeutic target and a prog-
nostic biomarker for cervical cancer and may be used for
the monitoring of cervical cancer. This finding provides a
new molecular target for future research on the invasion
and progression of cervical cancer.
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