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acting as a competing endogenous RNA of microRNA-744 and consequently
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ABSTRACT
The expression of a long noncoding RNA termed RUSC1-AS1 is dysregulated in breast cancer and
laryngeal squamous cell carcinoma, and this dysregulation affects various tumor-associated
biological processes. To our knowledge, the expression status and detailed roles of RUSC1-AS1
in cervical cancer as well as its regulatory mechanisms of action remain unknown. Therefore, the
objectives of this study were to measure RUSC1-AS1 expression in cervical cancer, investigate the
effects of RUSC1-AS1 on cervical cancer cells, and identify the mechanism underlying these effects.
Herein, RUSC1-AS1 was found to be highly expressed in cervical cancer tissues and cell lines. High
RUSC1-AS1 expression significantly correlated with the International Federation of Gynecology and
Obstetrics (FIGO) stage, lymph node metastasis, and shorter overall survival among the patients
with cervical cancer. Functional assays revealed that interference with RUSC1-AS1 expression
suppressed cervical cancer cell proliferation, migration, and invasion in vitro; induced apoptosis
in vitro; and impeded tumor growth in vivo. In addition, RUSC1-AS1 was demonstrated to act as
a competing endogenous RNA of microRNA-744 (miR-744) and consequently increase B-cell
lymphoma 2 (Bcl-2 or BCL2) expression levels in cervical cancer cells. Furthermore, either inhibi-
tion of miR-744 or restoration of Bcl-2 expression neutralized the effects of the RUSC1-AS1
silencing on the malignant characteristics of cervical cancer cells. Thus, RUSC1-AS1 promotes the
aggressiveness of cervical cancer in vitro and in vivo by upregulating miR-744–Bcl-2 axis output.
The RUSC1-AS1–miR-744–Bcl-2 pathway may be involved in cervical cancer pathogenesis and
could serve as a novel target for anticancer therapies.
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Introduction

Cervical cancer is the second most prevalent cancer
among women and the fourth leading cause of gyne-
cological-cancer–associated deaths globally [1].
Approximately 530,000 new cases are expected and
275,000 deaths are caused by cervical cancer world-
wide annually [2]. Over 75% of these new cases and
deaths occur in developing countries, including China
[3]. Multiple factors, including early sexual inter-
course, an increased number of sexual partners, and
persistent human papillomavirus infection, are
reported to be involved in the pathogenesis of cervical
cancer [4,5]. Nonetheless, the detailed mechanisms
behind the malignant progression of cervical cancer
remain largely unclear and need further elucidation.
Despite considerable progress in the diagnostic and
therapeutic approaches in recent years, the clinical

outcomes of patients with cervical cancer unfortu-
nately remain unsatisfactory [6]. The 5-year survival
rate of patients with cervical cancer diagnosed at
advanced stages is less than 40%, which may be attri-
butable to metastasis and tumor recurrence [7,8].
Therefore, elucidating the mechanisms underlying
cervical carcinogenesis and cervical cancer progres-
sion is necessary and may facilitate the identification
of novel therapeutic targets to improve the prognosis
of patients with cervical cancer.

Noncoding RNAs have now become a hotspot in
biomedical research [9]. Long noncoding RNAs
(lncRNAs) are a relatively new group of noncoding
RNAs over 200 nucleotides long [10]. LncRNAs con-
tain no obvious open reading frame and therefore
have no protein-coding ability [11]. LncRNAs are
proven to be key mediators of carcinogenesis and
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cancer progression [12]. In particular, a wide range of
lncRNAs is dysregulated in cervical cancer and is
involved in the regulation of various cancer-related
phenomena, including cell proliferation, the cell cycle,
apoptosis, metastasis, angiogenesis, and chemoresis-
tance [13–15]. The molecular mechanisms responsi-
ble for the actions of lncRNAs in human cancers are
diverse and complex [16,17]. Accumulated evidence
confirms the concept of competing endogenous RNA
(ceRNA), which is an lncRNA that sponges
a microRNA (miRNA, miR) to decrease the influence
of this miRNA on its targets, thereby causing the
upregulation of this miRNA’s target mRNAs [18–20].

MiRNAs are a subset of endogenous, single-
stranded, noncoding small RNAs ranging in
size from 17 to 21 nucleotides [21]. MiRNAs
regulate gene expression by interacting with
a complementary sequence in the 3′-
untranslated region (3′-UTR) of a target
mRNA and by triggering translation suppres-
sion and/or mRNA degradation [22]. One
mRNA can be directly targeted by numerous
miRNAs, whereas one miRNA is likely to target
many mRNAs [23]. MiRNAs are aberrantly
expressed in nearly all human cancer types,
including cervical cancer [24–26] and may
function either as oncogenic miRNAs
(oncomiRs) or tumor suppressor miRNAs
depending on their target mRNAs [27]. Hence,
in-depth knowledge about novel lncRNAs and
miRNAs involved in cervical cancer progression
may contribute to the identification and valida-
tion of attractive therapeutic targets in this
aggressive disease.

RUSC1-AS1 is dysregulated in breast cancer
[28] and laryngeal squamous cell carcinoma
[29], and this dysregulation is involved in the
regulation of various tumor-associated biological
processes. Nonetheless, to the best of our knowl-
edge, the expression status and detailed roles of
RUSC1-AS1 in cervical cancer as well as its reg-
ulatory mechanisms of action are still unknown.
Therefore, the objectives of this study were to
measure RUSC1-AS1 expression in cervical can-
cer, investigate the effects of RUSC1-AS1 on
cervical cancer cells, and to identify the potential
mechanism underlying these effects.

Materials and methods

Clinical tissue samples

The study protocol was approved by the Ethics
Committee of Gaomi People’s Hospital and was
performed in accordance with the Declaration of
Helsinki. Written informed consent was obtained
from all the patients for the use of their clinical
tissue samples. In total, 45 pairs of cervical cancer
tissue samples and adjacent noncancerous tissue
samples were collected from the patients with cer-
vical cancer who underwent surgical resection in
Gaomi People’s Hospital. None of the patients had
received chemotherapy, radiotherapy, or other
anticancer therapy prior to the surgical procedure.
The tissue samples were snap-frozen in liquid
nitrogen after the surgical resection and then
transferred to a − 80°C freezer for storage until
RNA extraction.

Cell lines and culture conditions

A normal human cervix epithelial cell line (Ect1/
E6E7) was purchased from the American Type
Culture Collection (Manassas, VA, USA). Four
human cervical cancer cell lines (HeLa, C-33A,
SiHa, and CaSki) were ordered from the
Shanghai Institute of Biochemistry and Cell
Biology (Shanghai, China). Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with
10% (v/v) of heat-inactivated fetal bovine serum
(FBS) and 1% (v/v) of a penicillin/streptomycin
solution (all from Gibco; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) was used to
culture all the above cell lines. All cells were grown
at 37°C in an incubator supplied with 5% of CO2.

Oligonucleotide transfection

An miR-744 agomir (a chemically engineered oligo-
nucleotide that upregulates miR-744, hereafter
referred to as agomir-744), its negative control
(NC) agomir (agomir-NC), an miR-744 antagomir
(a chemically engineered oligonucleotide that down-
regulates miR-744, hereafter referred to as antago-
mir-744), and antagomir-NC were acquired from
GenePharma Co., Ltd. (Shanghai, China). Small
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interfering RNA (siRNA) that was utilized to silence
RUSC1-AS1 expression (si-RUSC1-AS1) and NC
siRNA (si-NC) were chemically synthesized by
RiboBio Co., Ltd. (Guangzhou, China). A Bcl-2–
overexpressing plasmid (pCMV-Bcl-2) and the
empty pCMV vector were generated by Generay
Biotechnology Co., Ltd. (Songjiang, Shanghai,
China). Cells were seeded in 6-well plates, and the
aforementioned nucleic acids were transfected into
the cells by means of the Lipofectamine 2000 reagent
(Invitrogen, Carlsbad, CA, USA).

RNA extraction and reverse-transcription
quantitative polymerase chain reaction
(RT-qPCR)

The TRIzol Reagent (Invitrogen) was employed to iso-
late total RNA from the tissue samples or from cells.
The concentration of total RNA was measured on
a NanoDrop spectrophotometer (NanoDrop
Technologies; Thermo Fisher Scientific, Inc.). Total
RNA was converted into cDNA using the TaqMan
MicroRNA Reverse Transcription Kit (Applied
Biosystems, Foster City, CA, USA). The synthesized
cDNA was used for the evaluation of miR-744 expres-
sion by means of the TaqMan MicroRNA qPCR Assay
Kit (Applied Biosystems). The U6 small nuclear RNA
served as an internal reference for miR-744 quantita-
tion. To analyze Bcl-2 mRNA and RUSC1-AS1 expres-
sion, reverse transcription was conducted with the
PrimeScript RT Reagent Kit (Takara Biotechnology
Co., Ltd., Dalian, China). Next, qPCR was performed
using SYBR Premix Ex Taq™ (Takara Biotechnology
Co., Ltd.). Expression levels of Bcl-2 mRNA and
RUSC1-AS1 were normalized to GAPDH expression.
Relative gene expression was calculated by the 2–ΔΔCt

method [30].

Subcellular fractionation

The Cytoplasmic and Nuclear RNA Purification
Kit (Norgen Biotek, Thorold, Canada) was
employed for subcellular fractionation of cervical
cancer cells.

A cell counting kit-8 (CCK-8) assay

Transfected cells were collected after 24 h of incu-
bation and seeded separately in 96-well plates at

a density of 3,000 cells/well. The cells were then
incubated at 37°C and 5% CO2. The CCK-8 assay
was performed at four time points: 0, 24, 48, and
72 h after inoculation. In particular, 10 µL of the
CCK-8 stain (Beyotime Institute of Biotechnology,
Shanghai, China) was added into each well, and
the cells were incubated at 37°C and 5% CO2 for
another 2 h. After that, a microplate reader (Bio-
Rad Laboratories, Hercules, CA, USA) was used to
measure the optical density at 450 nm wavelength.

Flow-cytometric analysis for apoptosis detection

Transfected cells were treated with 0.25% trypsin
(1×), rinsed with ice-cold phosphate-buffered sal-
ine (PBS) twice, and subjected to the measurement
of the apoptotic rate using the Annexin
V-Fluorescein Isothiocyanate (FITC) Apoptosis
Detection Kit (Biolegend, San Diego, CA, USA).
The cells were then resuspended in 100 µl of bind-
ing buffer that was mixed with 5 µl of Annexin
V-FITC and 5 µl of the propidium iodide solution
that came with the kit. Following 20 min incuba-
tion at 37°C in darkness, the proportion (%) of
apoptotic cells was assessed on a flow cytometer
(FACScan™; BD Biosciences, Franklin Lakes,
NJ, USA).

Migration and invasion assays

After 48 h of transfection, the invasive ability of
cervical cancer cells was examined using 24-well
Transwell chambers (24-well inserts; pore size:
8 µm; Corning Inc., Corning, NY, USA) precoated
with Matrigel (BD Biosciences). Briefly, transfected
cells were harvested and resuspended in an FBS-
free culture medium. A total of 5 × 104 cells were
seeded in the upper compartment of each insert,
while the lower compartment was filled with 500 µl
of DMEM containing 20% of FBS. After 24 h incu-
bation, noninvading cells were gently removed by
swabbing the top layer of Matrigel with a cotton
swab. The invading cells adhering to the undersur-
face of the insert were fixed with 100% methanol
followed by staining with 0.5% crystal violet and
washing with PBS. The number of invading cells
was determined in five randomly chosen visual
fields per insert under a light microscope (×200
magnification; Olympus Corporation, Tokyo,
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Japan). The migratory capacity was determined by
the same experimental procedures as in the inva-
sion assay, except that the Transwell chambers were
not precoated with Matrigel.

A subcutaneous heterotopic xenograft
experiment

All animal experimental procedures were approved
by the Animal Research Ethics Committee of
Gaomi People’s Hospital and were performed in
accordance with the Animal Protection Law of the
People’s Republic of China-2009.

Lentiviruses expressing either a RUSC1-AS1–
targeting short hairpin RNA (shRNA; sh-RUSC1-
AS1) or an NC shRNA (sh-NC) were designed and
packaged by GenePharma Co., Ltd. To obtain
a stable RUSC1-AS1 knockdown cell line, the
HeLa cells transfected with either sh-RUSC1-AS1
or sh-NC were selected with 2 μg/mL puromycin.

Female BALB/c nude mice (4–6 weeks old) were
purchased from the Animal Center of the Second
Military Medical University (Shanghai, China).
Transplantation was conducted by subcutaneous
inoculation of stably sh-RUSC1-AS1–transfected
or sh-NC–transfected HeLa cells around the flanks
of the mice. Each group contained three nude
mice. Starting at 2 weeks after the subcutaneous
implantation, the width and length of the tumor
xenografts were measured every 2 days until day
28. Volumes of the tumor xenografts were calcu-
lated via the formula: Volume (mm3) = 0.5
× width2 (mm2) × length (mm). All the mice
were euthanized on day 28. The subcutaneous
tumor xenografts were excised and weighed.

Target prediction and a luciferase reporter gene
assay

StarBase 3.0 (http://starbase.sysu.edu.cn/) was
employed to analyze the interaction between the
lncRNA and miRNA.

For the luciferase reporter assay, the fragments
of RUSC1-AS1 containing either the wild-type
(WT) miR-744–binding sequence or a mutant
(MUT) miR-744–binding sequence were designed
and chemically synthesized by GenePharma Co.,
Ltd., and were subcloned into the pmirGLO luci-
ferase reporter vector (Promega Corporation,

Madison, WI, USA), thus resulting in reporter
plasmids RUSC1-AS1-WT and RUSC1-AS1-
MUT, respectively. Cotransfection of the luciferase
plasmid and either agomir-744 or agomir-NC into
cells was performed using the Lipofectamine 2000
reagent. Luciferase activities were determined 48 h
after the cell transfection via a Dual-Luciferase
Reporter Assay System (Promega Corporation).
The relative luciferase activity was normalized to
the Renilla luciferase activity.

An RNA immunoprecipitation (RIP) assay

This assay was conducted by means of the EZ-Magna
RIP RNA-binding Protein Immunoprecipitation Kit
(Millipore, Billerica, MA, USA). Cervical cancer cells
were incubated with RIP lysis buffer. The whole-cell
extracts were collected and subjected to overnight
incubation at 4°C with magnetic beads conjugated
with either an anti-Argonaute 2 (AGO2) or anti-
immunoglobin G (IgG) antibody (Millipore). After
the isolation of immunoprecipitated RNA, RT-qPCR
was conducted to analyze the amounts and interaction
of RUSC1-AS1 and miR-744 in cervical cancer cells.

Protein extraction and western blot analysis

Total protein was extracted from the transfected cells
at 72 h after incubation using ice-cold radioimmu-
noprecipitation assay buffer (Invitrogen; Thermo
Fisher Scientific, Inc.). The concentration of total
protein was detected with the BCA Protein Assay
Kit (Shanghai Qcbio Science and Technologies Co.,
Ltd., Shanghai, China). Equal amounts of protein
samples were loaded onto each lane for SDS-
PAGE, followed by transfer onto polyvinylidene
difluoride membranes (Beyotime Institute of
Biotechnology). After blockage at room temperature
with 5% dried skimmed milk dissolved in Tris-
buffered saline containing 0.1% of Tween 20
(TBST) for 1 h, the membranes were incubated
with a rabbit anti-human Bcl-2monoclonal antibody
(1:1000 dilution; cat. # ab32124; Abcam, Cambridge,
UK) or a rabbit anti-human GAPDH monoclonal
antibody (1:1000 dilution; ab181603; Abcam) over-
night at 4°C and next probed with a goat anti-rabbit
IgG antibody conjugated with horseradish peroxi-
dase (secondary antibody; 1:5000 dilution; ab205718;
Abcam) at room temperature for 1 h. The protein
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signals were visualized with the Enhanced
Chemiluminescence Kit (Pierce; Thermo Fisher
Scientific, Inc.).

Statistical analysis

Data are presented as the mean ± standard devia-
tion. Differences between two groups were ana-
lyzed by Student’s t test. One-way analysis of
variance, followed by the Student–Newman–
Keuls post hoc test, was performed for multigroup
comparisons. The association between RUSC1-AS1
status and clinical variables among the patients
was analyzed by the χ2 test. Survival curves were
constructed by the Kaplan–Meier method, and
differences in survival curves were examined by
the logrank test. The correlation between RUSC1-
AS1 and miR-744 expression levels was assessed
via Spearman’s correlation analysis. P < 0.05 was
assumed to indicate a statistically significant
difference.

Results

RUSC1-AS1 expression is high in cervical cancer
tissues and cell lines

To reveal the expression pattern of RUSC1-AS1 in
cervical cancer, we assessed its expression in 45

pairs of cervical cancer tissue samples and adjacent
noncancerous tissues by RT-qPCR. The results
showed that RUSC1-AS1 expression was signifi-
cantly higher in the cervical cancer tissue samples
than in the noncancerous tissue samples (Figure
1a). RUSC1-AS1 expression was also quantified in
four cervical cancer cell lines (HeLa, C-33A, SiHa,
and CaSki) and a normal human cervix epithelial
cell line (Ect1/E6E7) by the same method. The
expression level of RUSC1-AS1 was considerably
higher in all four cervical cancer cell lines than in
Ect1/E6E7 cells (Figure 1b).

To evaluate the clinical significance of RUSC1-
AS1 in cervical cancer, we subdivided all the
patients with cervical cancer into either a low or
high RUSC1-AS1 expression group based on the
median value of RUSC1-AS1 expression among
the cervical cancer tissue samples. Then, we inves-
tigated the association between RUSC1-AS1 expres-
sion and the clinical parameters among the patients
with cervical cancer. Statistical analysis revealed
that high RUSC1-AS1 expression notably correlated
with the International Federation of Gynecology
and Obstetrics (FIGO) stage (P = 0.017) and
lymph node metastasis (P = 0.038) in patients
with cervical cancer (Table 1). In addition, patients
with cervical cancer in the high RUSC1-AS1 expres-
sion group showed shorter overall survival (Figure
1c, P = 0.022) as compared with the patients in the

Figure 1. RUSC1-AS1 expression is high in cervical cancer tissue samples and cell lines. (a) RT-qPCR was performed to quantify
RUSC1-AS1 expression in 45 pairs of cervical cancer tissue samples and adjacent noncancerous tissue samples. (b) The expression
levels of RUSC1-AS1 in four cervical cancer cell lines (HeLa, C-33A, SiHa, and CaSki) and a normal human cervix epithelial cell line
(Ect1/E6E7) were determined by RT-qPCR. (c) The correlation between RUSC1-AS1 expression status and overall survival of patients
with cervical cancer was investigated by the Kaplan–Meier method and logrank test (P = 0.022). *P < 0.05 and **P < 0.01.
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low RUSC1-AS1 expression group. These observa-
tions suggested that RUSC1-AS1 may play an
important part in the initiation and progression of
cervical cancer.

RUSC1-AS1 exerts oncogenic actions during
cervical cancer progression

To illustrate the detailed involvement of RUSC1-
AS1 in the progression of cervical cancer, cell lines

HeLa and SiHa, which showed higher RUSC1-AS1
expression among the four cervical cancer cell lines,
were chosen for functional analysis and were trans-
fected with either si-RUSC1-AS1 or si-NC. In the
two cell lines, the successful silencing of RUSC1-
AS1 was confirmed by RT-qPCR (Figure 2a). The
influence of the RUSC1-AS1 downregulation on the
proliferation of cervical cancer cells was tested in
the CCK-8 assay. The data revealed that the knock-
down of RUSC1-AS1 decreased the proliferation of
HeLa and SiHa cells (Figure 2b). In addition, we
performed flow-cytometric analysis to determine
whether the cell proliferation inhibition caused by
the RUSC1-AS1 silencing was mediated by the pro-
motion of apoptosis. The results indicated that the
apoptosis rate of HeLa and SiHa cells was obviously
higher in the si-RUSC1-AS1 group than in the si-
NC group (Figure 2c). Furthermore, the migration
and invasion assays were performed to examine the
effects of RUSC1-AS1 on the migratory and invasive
abilities of cervical cancer cells. Of note, transfec-
tion with si-RUSC1-AS1 resulted in a significant
reduction of migration (Figure 2d) and invasiveness
(Figure 2e) of HeLa and SiHa cells compared with
the cells transfected with si-NC. These results sug-
gested that RUSC1-AS1 has a cancer-promoting
role in the growth and metastasis of cervical cancer
cells in vitro.

Table 1. The relation between RUSC1-AS1 expression and clin-
ical variables of patients with cervical cancer.

Clinical variables

RUSC1-AS1 expression

P valueHigh (n = 23) Low (n = 22)

Age 0.376
<55 years 9 12
≥55 years 14 10

Tumor size 0.139
<4 cm 15 9
≥4 cm 8 13

Family history of cancer 0.314
Yes 4 7
No 19 15

FIGO stage 0.017*
I–II 6 14
III–IV 17 8

Lymph node metastasis 0.038*
No 8 15
Yes 15 7

*A statistically significant association.

Figure 2. RUSC1-AS1 knockdown inhibits HeLa and SiHa cell proliferation, migration, and invasion and promotes their apoptosis
in vitro. (a) RUSC1-AS1 expression in HeLa and SiHa cells transfected with either si-RUSC1-AS1 or si-NC was measured via RT-qPCR. (b,
c) The CCK-8 assay and flow-cytometric analysis were performed to quantitate the proliferation and apoptosis of HeLa and SiHa cells
after transfection with either si-RUSC1-AS1 or si-NC. (d, e) Migration and invasion assays were conducted to analyze the effects of
RUSC1-AS1 knockdown on the migration and invasiveness of HeLa and SiHa cells. *P < 0.05 and **P < 0.01.
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RUSC1-AS1 acts as a ceRNA and sponges
miR-744 in cervical cancer cells

To elucidate the mechanisms by which RUSC1-
AS1 performs its functions, we first analyzed the
expression distribution of RUSC1-AS1 in HeLa
and SiHa cells. The data indicated that RUSC1-
AS1 was mainly localized in the cytoplasm of
both HeLa and SiHa cells (Figure 3a), suggesting
that this lncRNA may work as a ceRNA. Next,
bioinformatics analysis was performed to search
for an miRNA that can interact with RUSC1-AS1.
MiR-744 was found to have a complementary
binding site for RUSC1-AS1 (Figure 3b). MiR-744
was chosen for further experiments because this
miRNA is implicated in the initiation and progres-
sion of cervical cancer [31].

As presented in Figure 3c, transfection with
agomir-744 dramatically increased the expression
of miR-744 in HeLa and SiHa cells. Afterward, the
luciferase reporter assay was applied to investigate

whether miR-744 can directly bind to RUSC1-AS1
in cervical cancer cells. The results revealed that in
HeLa and SiHa cells, exogenous miR-744 expres-
sion remarkably reduced the luciferase activity of
the reporter plasmid harboring the wild-type miR-
744–binding site (within the fragment of RUSC1-
AS1); however, this effect was abrogated when the
corresponding reporter plasmid with the mutant
binding site was tested (Figure 3d). Furthermore,
the RIP assay indicated that RUSC1-AS1 and miR-
744 were enriched in the AGO2 complex in HeLa
and SiHa cells (Figure 3e). Altogether, the lucifer-
ase reporter and RIP assays confirmed that miR-
744 can directly bind to and interact with RUSC1-
AS1 in cervical cancer cells.

The relation between RUSC1-AS1 and miR-744
was then examined by measuring miR-744 expres-
sion in the cervical cancer tissue samples. The
expression of miR-744 was much lower in the
cervical cancer tissue samples than in the matched

Figure 3. RUSC1-AS1 acts as a molecular sponge of miR-744 in cervical cancer cells. (a) The expression distribution of RUSC1-AS1 in
HeLa and SiHa cells was studied by subcellular fractionation plus RT-qPCR analysis. (b) The wild-type (WT) and mutant (MUT) binding
sites for miR-744 within RUSC1-AS1 as predicted by bioinformatics analysis. (c) HeLa and SiHa cells were transfected with either
agomir-744 or agomir-NC. After that, RT-qPCR was carried out for determining the transfection efficiency. (d) The luciferase reporter
assay was performed on HeLa and SiHa cells that were cotransfected with either agomir-744 or agomir-NC and the luciferase
reporter plasmid carrying either the WT or mutant miR-744–binding site. (e) The RIP assay was conducted in HeLa and SiHa cell
lysates, and the immunoprecipitated RNA was analyzed by RT-qPCR for assessing the enrichment of RUSC1-AS1 and miR-744 on
AGO2-containing beads. (f) MiR-744 expression was measured by RT-qPCR in the 45 pairs of cervical cancer tissue samples and
adjacent noncancerous tissue samples. (g) Spearman’s correlation analysis was carried out to evaluate the association between
RUSC1-AS1 and miR-744 levels in cervical cancer tissues (r = – 0.5310; P = 0.0002). (h) Either si-RUSC1-AS1 or si-NC was introduced
into HeLa and SiHa cells. MiR-744 expression in the transfected cells was evaluated via RT-qPCR. *P < 0.05 and **P < 0.01.
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noncancerous tissues (Figure 3f). An obvious
inverse correlation was identified between RUSC1-
AS1 and miR-744 levels in cervical cancer tissue
samples by Spearman’s correlation analysis (Figure
3g; r = – 0.5310; P = 0.0002).

Finally, we determined the expression level of
miR-744 in HeLa and SiHa cells after the knock-
down of RUSC1-AS1. RT-qPCR analysis revealed
that miR-744 was obviously upregulated by the
depletion of RUSC1-AS1 in HeLa and SiHa cells
(Figure 3h). Collectively, these results provided
sufficient evidence that RUSC1-AS1 serves as
a molecular sponge of miR-744 in cervical cancer
cells.

BCL-2 expression is positively regulated by
RUSC1-AS1 in cervical cancer cells

Bcl-2 (also known as BCL2) has been identified as
a direct target gene of miR-744 in cervical cancer
cells [31]. Next, to test whether Bcl-2 expression
can be modulated by RUSC1-AS1 in cervical can-
cer cells, the mRNA and protein levels of Bcl-2
were determined in HeLa and SiHa cells upon
either si-RUSC1-AS1 or si-NC transfection. The

mRNA (Figure 4a) and protein (Figure 4b) levels
of Bcl-2 were both obviously lower in HeLa and
SiHa cells after RUSC1-AS1 knockdown, as
revealed by RT-qPCR and western blotting.

We next tested whether RUSC1-AS1 regulates
the expression of Bcl-2 in cervical cancer through
competitive binding with miR-744. To this end,
the RUSC1-AS1–deficient HeLa and SiHa cells
were next transfected with either antagomir-744
or antagomir-NC. First, RT-qPCR analysis vali-
dated the successful downregulation of miR-744
in HeLa and SiHa cells after the antagomir-744
transfection (Figure 4c). As expected, the Bcl-2
mRNA (Figure 4d) and protein (Figure 4e) levels
were partially restored by the antagomir-744 trans-
fection in the RUSC1-AS1–deficient HeLa and
SiHa cells.

The expression in the Bcl-2 mRNA in the 45
pairs of cervical cancer tissue samples and adjacent
noncancerous tissues was determined through RT-
qPCR analysis. Bcl-2 mRNA turned out to be sig-
nificantly upregulated in the cervical cancer tissues
relative to the adjacent noncancerous tissues
(Figure 4f). Notably, Spearman’s correlation ana-
lysis confirmed an obvious positive correlation

Figure 4. RUSC1-AS1 sponges miR-744 and consequently increases Bcl-2 expression in cervical cancer cells. (a, b) The mRNA and
protein levels of Bcl-2 in HeLa and SiHa cells transfected with either si-RUSC1-AS1 or si-NC were measured by RT-qPCR and western
blotting, respectively. (c) RT-qPCR was conducted to determine the efficiency of antagomir-744 transfection. (d, e) HeLa and SiHa
cells were cotransfected with si-RUSC1-AS1 and either antagomir-744 or antagomir-NC. The amounts of Bcl-2 mRNA and protein
were determined via RT-qPCR and western blotting, respectively. (f) Bcl-2 mRNA expression in the 45 pairs of cervical cancer tissue
samples and adjacent noncancerous tissue samples was examined by RT-qPCR. (g) Spearman’s correlation analysis was performed to
assess the relation between Bcl-2 mRNA and RUSC1-AS1 expression levels in cancerous tissues (r = 0.5262; P = 0.0005). *P < 0.05 and
**P < 0.01.
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between Bcl-2 mRNA and RUSC1-AS1 expression
in the cancerous tissues (Figure 4g; r = 0.5262;
P = 0.0005). Taken together, these data suggested
that RUSC1-AS1 functioned as a ceRNA of miR-
744 and consequently positively regulated Bcl-2
expression in cervical cancer cells.

RUSC1-AS1 promotes the aggressive phenotype
of cervical cancer cells through the miR-744–
Bcl-2 axis

Rescue experiments were conducted to further
study the participation of the miR-744–Bcl-2
axis in the mechanism of RUSC1-AS1’s actions
on cervical cancer cells. First, rescue assays were
carried out to validate the functional association
between RUSC1-AS1 and miR-744 in cervical
cancer cells. Si-RUSC1-AS1 and either antago-
mir-744 or antagomir-NC were cotransfected
into HeLa and SiHa cells. Subsequently, we

determined the impact of the antagomir-744
cotransfection on the malignant phenotype of si-
RUSC1-AS1–transfected HeLa and SiHa cells.
The miR-744 downregulation attenuated the
effects of RUSC1-AS1 knockdown on HeLa and
SiHa cell proliferation (Figure 5a), apoptosis
(Figure 5b), migration (Figure 5c), and invasion
(Figure 5d).

Next, the functional correlation between
RUSC1-AS1 and Bcl-2 in cervical cancer cells was
elucidated by means of rescue assays. The Bcl-2–
overexpressing plasmid (pCMV-Bcl-2) or the
empty vector (pCMV) was transiently transfected
into the RUSC1-AS1 knockdown HeLa and SiHa
cells. The transfection of pCMV-Bcl-2 into HeLa
and SiHa cells efficiently increased the protein
level of Bcl-2 (Figure 6a). Then, we subjected the
HeLa and SiHa cells that were cotransfected with
si-RUSC1-AS1 and either pCMV-Bcl-2 or pCMV
to CCK-8, flow-cytometric, and migration and

Figure 5. MiR-744 inhibition attenuated the actions of RUSC1-AS1 knockdown on the proliferation, apoptosis, migration, and
invasiveness of cervical cancer cells. Either antagomir-744 or antagomir-NC was transfected into HeLa and SiHa cells in the presence
of si-RUSC1-AS1. The transfected cells were subjected to the following assays. (a, b) The proliferation and apoptosis of the above-
mentioned cells were determined in the CCK-8 and flow-cytometric assays. (c, d) The migratory and invasive capabilities of HeLa and
SiHa cells treated as described above were evaluated in migration and invasion assays. *P < 0.05 and **P < 0.01.
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invasion assays. Restoration of Bcl-2 expression
partially neutralized the influence of RUSC1-AS1
knockdown on the proliferation (Figure 6b), apop-
tosis (Figure 6c), migration (Figure 6d), and inva-
siveness (Figure 6e) of HeLa and SiHa cells. In
summary, these results implied that the tumor-
promoting impact of RUSC1-AS1 on cervical can-
cer cells was mediated by the miR-744–Bcl-2 axis.

RUSC1-AS1 knockdown inhibits the xenograft
growth of cervical cancer cells in vivo

Finally, the subcutaneous heterotopic xenograft
experiment was conducted to investigate the
effect of RUSC1-AS1 knockdown on the tumor
growth of cervical cancer cells in vivo. HeLa
cells stably transduced with either the sh-
RUSC1-AS1 lentivirus or the sh-NC lentivirus
were injected subcutaneously into the flank of
nude mice. Tumor-bearing mice were

euthanized on day 28, and the tumor xenografts
were excised and weighed. Compared with the
sh-NC group, the mice injected with the sh-
RUSC1-AS1–transfected HeLa cells developed
obviously smaller tumor xenografts (Figure 7a
and b). The weight of tumor xenografts was
significantly lower in the sh-RUSC1-AS1 group
than in the sh-NC group (Figure 7c). The
tumor xenografts were then processed for RT-
qPCR and western blotting. RUSC1-AS1 expres-
sion was found to be decreased (Figure 7d),
while miR-744 expression turned out to be
upregulated (Figure 7e) in the tumor xenografts
derived from sh-RUSC1-AS1–transfected HeLa
cells. Finally, western blotting was applied to
measure Bcl-2 expression in the tumor xeno-
grafts, and the findings showed that the protein
expression of Bcl-2 was lower in the tumor
xenografts from the sh-RUSC1-AS1 group
(Figure 7f). All these results indicated that the

Figure 6. Restoration of the Bcl-2 level abrogates the impact of RUSC1-AS1 knockdown on the malignant phenotype of cervical
cancer cells. (a) Bcl-2 protein expression was confirmed in the pCMV-Bcl-2–transfected or pCMV-transfected HeLa and SiHa cells by
western blotting. (b–e) Si-RUSC1-AS1 was cotransfected with either pCMV-Bcl-2 or pCMV into HeLa and SiHa cells. Measurement of
proliferation, apoptosis, migration, and invasiveness of the above-mentioned cells was performed by the CCK-8 assay, flow-
cytometric analysis, and migration and invasion assays, respectively. *P < 0.05 and **P < 0.01.
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downregulation of RUSC1-AS1 retarded the
tumor growth of cervical cancer cells in vivo
by reducing miR-744–Bcl-2 axis output.

Discussion

In recent decades, numerous lncRNAs have been
reported to be aberrantly expressed in cervical
cancer [32–34]. LncRNAs are believed to regulate
a variety of cancer-related biological processes and
to perform essential functions in the initiation and
malignant progression of cervical cancer [35–37].
Hence, identification of the detailed functions of
lncRNAs in cervical cancer and of their mechan-
isms of action is crucial for the discovery of pro-
mising targets for the diagnosis and therapy of
patients with this malignant tumor. In this study,
we evaluated RUSC1-AS1 expression in cervical
cancer for the first time and determined the bio-
logical roles and the regulatory mechanism of
RUSC1-AS1 action in cervical cancer.

RUSC1-AS1 expression is known to be increased
in breast cancer [28]. High RUSC1-AS1 expression
is closely associated with tumor size and clinical
grade of patients with breast cancer [28]. Patients
with breast cancer featuring high RUSC1-AS1
expression show poorer prognosis than do patients
with low RUSC1-AS1 expression [28]. Upregulation

of RUSC1-AS1 is also observed in laryngeal squa-
mous cell carcinoma [29], and this upregulation
negatively correlates with the patients’ overall sur-
vival [29]. Nonetheless, the expression profile of
RUSC1-AS1 in cervical cancer has remained largely
unknown. In this study, RT-qPCR was carried out
to quantify RUSC1-AS1 in cervical cancer tissues
and cell lines. The results revealed that RUSC1-
AS1 is significantly upregulated in cervical cancer
tissues and cell lines. The high expression of
RUSC1-AS1 significantly correlated with the FIGO
stage and lymph node metastasis among the
patients with cervical cancer. Notably, patients
with cervical cancer in the high RUSC1-AS1 expres-
sion group showed shorter overall survival than did
the patients in the low RUSC1-AS1 expression
group. These findings suggest that RUSC1-AS1 is
a potential biomarker for the diagnosis and prog-
nosis of patients with cervical cancer.

RUSC1-AS1 acts as a pro-oncogenic lncRNA in
carcinogenesis and cancer progression. For instance,
silencing of RUSC1-AS1 obviously attenuates breast
cancer cell growth, promotes cell cycle arrest, and
induces apoptosis in vitro [28]. Nonetheless, the
specific functions of RUSC1-AS1 in cervical cancer
have been unknown until our study. Here, func-
tional experiments revealed that a knockdown of
RUSC1-AS1 results in significant inhibition of

Figure 7. RUSC1-AS1 knockdown inhibits tumor growth of cervical cancer cells in vivo. (a) The subcutaneous tumor xenografts
derived from sh-RUSC1-AS1–transfected or sh-NC–transfected HeLa cells on day 28 after inoculation. (b) The growth curve was
plotted to monitor the volume of the tumor xenografts for 4 weeks. (c) Tumor weights in groups sh-RUSC1-AS1 and sh-NC were
analyzed 4 weeks after the implantation. (d, e) Total RNA was isolated from the tumor xenografts and then used for evaluating
RUSC1-AS1 and miR-744 expression by RT-qPCR. (e) Western blotting was conducted to assess Bcl-2 protein expression in the tumor
xenografts. *P < 0.05 and **P < 0.01.
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cervical cancer cell growth, in apoptosis induction,
and in cell migration and invasion suppression
in vitro as well as an in vivo tumor growth
slowdown.

The regulatory mechanisms by which lncRNAs
exert their actions are complicated. One mode of
action of lncRNAs is the ceRNA effect, where they
can competitively interact with miRNAs, thereby
upregulating miRNA target genes [38]. The func-
tions of lncRNAs are dependent on their subcellular
localization. In this study, we first determined the
expression distribution of RUSC1-AS1 in cervical
cancer cells. RUSC1-AS1 turned out to be mainly
localized in the cytoplasm of cervical cancer cells,
suggesting that RUSC1-AS1 may serve as a ceRNA
and be implicated in the regulation of a target pro-
tein’s expression at the post-transcriptional level.

The molecular events behind the oncogenic activ-
ity of RUSC1-AS1 in cervical cancer cells were further
elucidated in detail. First, our bioinformatics analysis
predicted that RUSC1-AS1 harbors a potential miR-
744–binding site. Second, the luciferase reporter and
RIP assay revealed that RUSC1-AS1 directly targets
and interacts with miR-744 in cervical cancer cells.
Third, we demonstrated that miR-744 expression is
low in cervical cancer and inversely correlates with
RUSC1-AS1 levels. Fourth, RUSC1-AS1 knockdown
was found to increase endogenous miR-744 expres-
sion in cervical cancer cells. Fifth, the downregula-
tion of RUSC1-AS1 decreased the expression of Bcl-2
in cervical cancer cells at both mRNA and protein
levels, and these effects were mediated by the spong-
ing of miR-744. Moreover, inhibition of miR-744 or
restoration of Bcl-2 expression counteracted the
effects of RUSC1-AS1 knockdown in cervical cancer
cells. These findings collectively validate the interac-
tions among Bcl-2mRNA, miR-744, and RUSC1-AS1
in cervical cancer cells.

MiR-744 is known to be downregulated in
cervical cancer [31]. Exogenous miR-744 expres-
sion inhibits cervical cancer cell proliferation,
colony-forming capacity, migration, and invasion
in vitro and tumor growth in vivo [31].
Regarding the mechanism, Bcl-2 mRNA has
been demonstrated to be a direct target of miR-
744 in cervical cancer [31]. Bcl-2, an integral
protein of the outer mitochondrial membrane,
is strongly implicated in the initiation and malig-
nant progression of cervical cancer by regulating

cell proliferation, viability, cell cycle progression,
apoptosis, epithelial–mesenchymal transition,
migration, invasion, and metastasis [39–41].
Bcl-2 is reported as a double-edged sword by
inducing apoptosis and inhibiting apoptosis at
the same time [42,43]. Here, Bcl-2 mainly oper-
ate apoptosis induction activity. Another impor-
tant finding of the present study is that the miR-
744–Bcl-2 axis is essential for the biological
actions of RUSC1-AS1 in cervical cancer cells.
These results point to a cervical cancer pathogen-
esis–related regulatory network that is composed
of RUSC1-AS1, miR-744, and Bcl-2. Hence, the
RUSC1-AS1–miR-744–Bcl-2 pathway might be
a promising therapeutic target in cervical cancer.

This study has two limitations. First, we did not use
TCGA database to analyze the expression and clinical
relevance of RUSC1-AS1 in cervical cancer. Second,
the expression of Bcl-2 mRNA in cervical cancer was
not examined using TCGA database. Also, the TCGA
database was not applied to test the expression corre-
lation between Bcl-2mRNAandRUSC1-AS1.Wewill
resolve the limitations in the near future.

Conclusions

In summary, RUSC1-AS1 promotes the malignancy
of cervical cancer cells in vitro and in vivo by acting
as a ceRNA on miR-744 and thereby increasing Bcl-
2 expression. Our study provides functional evi-
dence fully supporting the hypothesis that the
RUSC1-AS1–miR-744–Bcl-2 pathway is an attrac-
tive target for the management of cervical cancer.
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