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Abstract. USP30 antisense RNA 1 (USP30‑AS1) has been 
studied in bladder urothelial carcinoma. However, the detailed 
role of USP30‑AS1 in cervical cancer remains to be elucidated. 
Therefore, the present study determined whether USP30‑AS1 
is implicated in cervical cancer malignancy, and investigated 
relevant molecular mechanisms. USP30‑AS1 expression 
was measured via reverse transcription‑quantitative PCR. 
Functional experiments, including the Cell Counting Kit‑8 
assay, flow cytometry, Transwell migration and invasion 
assays, and mouse tumour model, were performed in order to 
elucidate the roles of USP30‑AS1. The target of USP30‑AS1 
was predicted using bioinformatics analysis, which was 
further verified via RNA immunoprecipitation and luciferase 
reporter assays. Herein, USP30‑AS1 overexpression was 
detected in cervical cancer sample data from The Cancer 
Genome Atlas and our cohort. Patients with cervical cancer 
expressing high levels of USP30‑AS1 exhibited shorter overall 
survival than those with low USP30‑AS1 expression. In vitro 
and in vivo experiments revealed that USP30‑AS1 interference 
promoted cell apoptosis; restrained cell proliferation, migra‑
tion and invasion in vitro, and hindered tumour growth in vivo. 
Mechanistically, USP30‑AS1 competed for microRNA‑299‑3p 
(miR‑299‑3p) in cervical cancer and lowered the regula‑
tory actions of miR‑299‑3p on protein tyrosine phosphatase 
type IVA (PTP4A1), resulting in PTP4A1 overexpression. 
Furthermore, rescue experiments confirmed that miR‑299‑3p 
interventions or exogenous PTP4A1 could counteract the 
cancer‑inhibiting actions of USP30‑AS1 silencing on cervical 
cancer cells. In conclusion, the miR‑299‑3p/PTP4A1 axis is 

the downstream effector of USP30‑AS1 in cervical cancer, 
forming the USP30‑AS1/miR‑299‑3p/PTP4A1 pathway. This 
newly identified competing endogenous RNA pathway may 
offer a novel theoretical and experimental basis for developing 
promising new strategies for the targeted therapy of cervical 
cancer.

Introduction

Cervical cancer, one of the most common gynaecological 
tumours, is the second‑most common cancer among women 
and the fourth leading cause of tumour‑associated deaths 
in females worldwide (1). Statistics indicate that over half a 
million new cervical cancer cases occur every year worldwide, 
and 85% of these occur in developing and underdeveloped 
countries (2). Extensive cervical cancer screening has drasti‑
cally decreased the morbidity from cervical cancer in the past 
decade. However, cervical cancer still substantially influences 
women's health, and will remain an important public health 
issue for several decades (3). Currently, the primary treatments 
for cervical cancer are a radical hysterectomy with pelvic 
lymph node dissection, chemotherapy, and radiotherapy (4). To 
date, despite improvements in the clinical outcomes of cervical 
cancer following first‑line treatments, its prognosis remains 
unsatisfactory (5). Furthermore, distant metastasis and tumour 
recurrence make cervical cancer a highly malignant and deadly 
human cancer (6). Therefore, investigating the molecular mech‑
anisms underlying cervical cancer pathogenesis is urgently 
required in order to develop effective targeted treatments.

The expression profiles and roles of long non‑coding 
RNAs (lncRNAs) in human cancers are a research focus in 
the oncology field (7). lncRNAs are a subcategory of tran‑
scripts that are >200 nucleotides in length (8). They have 
no protein‑coding ability but participate in regulating gene 
expression at both the transcriptional and post‑transcriptional 
levels (9). lncRNAs have been extensively studied and identi‑
fied as novel modulators during carcinogenesis and cancer 
progression (10‑12). The aberrant expression of lncRNAs has 
been widely discovered in human cancers, manifesting a close 
correlation with aggressive biological events (13‑15). Several 
studies have demonstrated the crucial regulatory actions 
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of lncRNAs in modulating pathological conditions during 
cervical carcinogenesis and cancer progression (16‑18).

MicroRNAs (miRNAs/miRs) are another group of 
single‑stranded RNA molecules with 17‑23 nucleotides. 
They lack protein‑coding ability (19) but directly interact 
with the 3'‑untranslated regions (3'‑UTRs) of their target 
genes and subsequently trigger mRNA degradation and/or 
translational repression (20). Recently, several miRNAs have 
been confirmed to be dysregulated and perform important 
regulatory actions towards cervical cancer oncogenesis by 
exerting tumour‑inhibiting or tumour‑facilitating roles (21,22). 
Recently, a novel regulatory mechanism, called the competing 
endogenous RNA (ceRNA) theory, was uncovered, based on 
which lncRNAs can decoy certain miRNAs and thus indirectly 
affect the miRNA's target genes (23). Therefore, therapies 
specifically against lncRNAs or miRNAs may be promising 
therapeutic techniques for cervical cancer.

A novel lncRNA, called USP30 antisense RNA 1 
(USP30‑AS1), has been studied in bladder urothelial carci‑
noma (24). Utilizing The Cancer Genome Atlas (TCGA) 
database, it was revealed that USP30‑AS1 was one of the most 
dysregulated lncRNAs in cervical squamous cell carcinoma 
and endocervical adenocarcinoma (CESC), suggesting that 
USP30‑AS1 may exert important roles during cervical cancer 
progression. Additionally, the detailed role of USP30‑AS1 in 
cervical cancer remains unknown. Therefore, the present study 
aimed to determine the potential functions of USP30‑AS1 in 
cervical cancer and uncover its underlying molecular events.

Materials and methods

Human samples. Tumour tissues and matched adjacent 
normal tissues were obtained from 56 patients with cervical 
cancer (age range, 41‑73 years) at The First People's Hospital 
of Chongqing Liangjiang New Area (Chongqing, China). 
Patients with International Federation of Gynaecology and 
Obstetrics stage (25) I‑II and III‑IV were 22 and 34, respec‑
tively. Immediately after tissue excision, samples were frozen 
in liquid nitrogen and stored in liquid nitrogen (‑196˚C) until 
further use. The follow‑up lasted for 60 months. Patients that 
had received radiochemotherapy were excluded. Patients 
with other types of human cancer were also excluded from 
the study. All experimental procedures were approved by the 
Human Ethics Approval Committee of The First People's 
Hospital of Chongqing Liangjiang New Area (approval 
no. ECAC‑TFHCQLJ.20150601). Furthermore, written 
informed consent was obtained from all patients before the 
study.

TCGA program. TCGA dataset of CESC (TCGA‑CESC) (26) 
was downloaded from TGCA (https://tcga‑data.nci.nih.
gov/tcga/), and used in the expression analysis of USP30‑AS1 
and miR‑299‑3p. The dataset included 306 CESC tissues 
and 3 normal cervical tissues. In addition, the clinico‑
pathological features of these cohorts were obtained, and the 
correlation between USP30‑AS1/miR‑299‑3p expression and 
clinicopathological features in CESC was also assessed. The 
survival analysis of PTP4A1 in TCGA‑CESC cohorts was 
implemented using The Human Protein Atlas (https://www.
proteinatlas.org/).

Cell culture. The normal human cervical epithelial cell line 
Ect1/E6E7 was acquired from the American Type Culture 
Collection (ATCC). It was cultured in keratinocyte serum‑free 
medium (cat. no. 17005‑042; Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 0.1 ng/ml human recombinant 
epidermal growth factor, 0.05 mg/ml bovine pituitary extract, 
and 0.4 mM calcium chloride. The three human cervical 
cancer cell lines, SiHa (ATCC), HeLa (ATCC) and CaSki (Cell 
Bank of the Chinese Academy of Sciences), were cultured in 
RPMI‑1640 medium (Gibco; Thermo Fisher Scientific, Inc.). 
Another cervical cancer cell line, C‑33A (Cell Bank of the 
Chinese Academy of Sciences), was maintained in minimum 
essential medium (Gibco; Thermo Fisher Scientific, Inc.). All 
culture media were supplemented with 10% foetal bovine 
serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) and 1% 
penicillin‑streptomycin (Gibco; Thermo Fisher Scientific, 
Inc.). Cells were cultured at 37˚C in humidified air with 
5% CO2.

Transfection experiments. Small interfering (si)RNAs against 
USP30‑AS1 (si‑USP30‑AS1s) were designed to knockdown 
USP30‑AS1 expression using scrambled control (si‑NC) 
as the control. All siRNAs were constructed by Shanghai 
GenePharma Co., Ltd. The si‑USP30‑AS1 sequences were 
as follows: si‑USP30‑AS1#1, 5'‑CTG CTA TAA TTA GTT 
ATT ATT GT‑3'; si‑USP30‑AS1#2, 5'‑AGC CAA CAA ACT 
TAT TGT TTA CT‑3'; and si‑USP30‑AS1#3, 5'‑TTC ATT 
ATT TAC ATT TAA TAT TC‑3'. The si‑NC sequence was 
5'‑CAC GAT AAG ACA ATG TAT TT‑3'. miRNA‑299‑3p 
(miR‑299‑3p) mimic, miRNA scrambled control (miR‑NC), 
miR‑299‑3p inhibitor (anti‑miR‑299‑3p), and miRNA inhibitor 
control (anti‑miR‑NC) were also synthesised by Shanghai 
GenePharma Co., Ltd. The miR‑299‑3p mimics sequence was 
5'‑UUC GCC AAA UGG UAG GGU GUA U‑3' and the miR‑NC 
sequence was 5'‑UUG UAC UAC ACA AAA GUA CUG‑3'. The 
anti‑miR‑299‑3p inhibitor sequence was 5'‑AAG CGG UUU 
ACC AUC CCA CAU A‑3' and the anti‑miR‑NC sequence was 
5'‑ACU ACU GAG UGA CAG UAG A‑3'. The protein tyrosine 
phosphatase type IVA (PTP4A1)‑overexpressing vector 
pcDNA3.1‑PTP4A1 (pc‑PTP4A1; GeneChem Co., Ltd.) was 
produced by cloning PTP4A1 sequences into pcDNA3.1. 
Cells were placed into 6‑well plates and grown to 60‑70% 
confluency, followed by transfection with siRNA (100 pmol), 
miRNA oligonucleotides (100 pmol) or plasmids (4 µg) using 
Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.). All transfections were performed at room temperature. 
Reverse transcription‑quantitative PCR (RT‑qPCR), flow cyto‑
metric analysis, and Transwell migration and invasion assays 
and western blotting were executed at 48 h post‑transfection. 
After 24 h culture at 37˚C, Cell Counting kit‑8 (CCK‑8) assay 
was performed. 

RT‑qPCR. Total RNA was isolated from tissues or cultured 
cells using TRIzol® reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.). To quantify USP30‑AS1 and PTP4A1 expres‑
sion, total RNA was reverse transcribed to complementary 
DNA (cDNA) using the PrimeScript™ RT Reagent kit with 
gDNA Eraser (both from Takara Biotechnology Co., Ltd.). The 
thermocycling conditions were as follows: 37˚C for 15 min, 
and 85˚C for 5 sec. PCR amplification was performed using 
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TB Green® Premix Ex Taq™ II (Takara Biotechnology Co., 
Ltd.). The thermocycling conditions were as follows: 95˚C for 
30 sec, 95˚C for 5 sec, 60˚C for 30 sec, for 40 cycles. GAPDH 
functioned as an internal control for USP30‑AS1 and PTP4A1. 
To detect miR‑299‑3p expression, cDNA was obtained from 
total RNA via RT using the miRcute miRNA First‑Strand 
cDNA Synthesis kit (Tiangen Biotech Co., Ltd.). The thermo‑
cycling conditions were as follows: 42˚C for 60 min, and 95˚C 
for 3 min. The miRcute miRNA qPCR Detection kit SYBR 
Green (Tiangen Biotech Co., Ltd.) was used for qPCR. The 
thermocycling conditions were as follows: 95˚C for 15 min, 
94˚C for 20 sec, 60˚C for 34 sec, for 45 cycles. The miRNA 
expression was normalized to that of U6 small nuclear RNA. 
The relative gene expression was calculated using the 2‑ΔΔCq 
method (27). The following primer sequences were used: 
USP30‑AS1 forward, 5'‑GTC TCC CCA GGT CTG TGC TTA 
A‑3' and reverse, 5'‑GTA TTT TTT CCT TAT GCT GCC AAA‑3'; 
PTP4A1 forward, 5'‑ACC AAT GCG ACC TTA AAC AAA TT‑3' 
and reverse, 5'‑CTT CTT TCT CCA CAA GAG TAG TGT CAT‑3'; 
GAPDH forward, 5'‑ACC TGA CCT GCC GTC TAG AAA A‑3' 
and reverse, 5'‑TTG AAG TCA GAG GAG ACC ACC TG‑3'; 
U6 forward, 5'‑CTC GCT TCG GCA GCA CA‑3' and reverse, 
5'‑AAC GCT TCA CGA ATT TGC GT‑3'; miR‑299‑3p forward, 
5'‑TCG GCA GGU UCG CCA AAU G‑3' and reverse, 5'‑CAC 
TCA ACT GGT GTC GTG GA‑3'; miR‑127‑5p forward, 5'‑TCG 
GCA GGC UGA AGC UCA G‑3' and reverse, 5'‑CAC TCA ACT 
GGT GTC GTG GA‑3'; miR‑186‑3p forward, 5'‑TCG GCA GGG 
GGU UUU UUA AGU‑3' and reverse, 5'‑CAC TCA ACT GGT 
GTC GTG GA‑3'; miR‑204‑5p forward, 5'‑TCG GCA GGU UCC 
CUU UGU CA‑3' and reverse, 5'‑CAC TCA ACT GGT GTC GTG 
GA‑3'; miR‑379‑3p forward, 5'‑TCG GCA GGU CAA UCA CCU 
GG‑3' and reverse, 5'‑CAC TCA ACT GGT GTC GTG GA‑3'; 
and miR‑411‑3p forward, 5'‑TCG GCA GGC CAA UCA CCU 
GG‑3' and reverse, 5'‑CAC TCA ACT GGT GTC GTG GA‑3'. 

Subcellular fractionation. Cervical cancer cells in the loga‑
rithmic growth phase were digested with 0.25% (w/v) trypsin 
and centrifuged at 1,000 x g for 5 min. The cytoplasmic and 
nuclear fractions were separated using the Cytoplasmic and 
Nuclear RNA Purification kit (Norgen Biotek Corp.). The 
relative abundances of USP30‑AS1, GAPDH and U6 in both 
fractions were determined using RT‑qPCR. GAPDH and U6 
were used as the cytoplasmic and nuclear controls, respectively.

CCK‑8 assay. Infected cervical cancer cells were harvested 
and used to prepare a single‑cell suspension. Each well of 
the 96‑well plates was covered with 100 µl cell suspension 
containing 2,000 cells. The CCK‑8 assay was performed 
at 0, 1, 2 and 3 days after incubation at 37˚C with 5% CO2. 
A 10‑µl volume of CCK‑8 reagent (Beyotime Institute of 
Biotechnology) was directly added to each well. After 2 h, 
the optical density was measured at 450 nm (OD450) using a 
microplate spectrophotometer.

Flow cytometric analysis of cell apoptosis. Cervical cancer 
cells transfected with the aforementioned molecular products 
were cultivated at 37˚C with 5% CO2 for 48 h before cell 
apoptosis detection using the Annexin V‑FITC Apoptosis 
Detection kit (Beyotime Institute of Biotechnology). Cells 
were digested with 0.25% (w/v) trypsin, centrifuged in 

1,000 x g at room temperature for 5 min and rinsed with 
ice‑cold phosphate‑buffered saline, followed by staining with 
5 µl of Annexin V‑FITC and 10 µl of propidium iodide. After 
20 min of incubation at 20‑25˚C in the dark, apoptotic cells 
were identified using a flow cytometer (BD Biosciences).

Transwell migration and invasion assays. For the migration 
assay, a single‑cell suspension was prepared from infected 
cervical cancer cells using serum‑free culture medium. The 
apical chambers of 24‑well Transwell® inserts (pore size, 
8 µm; BD Biosciences) were filled with 200 µl cell suspension 
containing 5x104 cells, whereas 600 µl of 20% FBS‑containing 
culture medium was added into the lower chamber. After 24 h 
culture at 37˚C, the inserts were immersed in 4% paraformal‑
dehyde at room temperature for 30 min and washed twice with 
phosphate‑buffered saline. Crystal violet staining was performed 
at room temperature for 30 min. After extensive washing, the 
non‑migrated cells were cleaned from the upper face of the 
inserts with a cotton swab, whereas migrated cells were imaged 
and counted in five visual fields using a light microscope 
(Olympus Corporation; x200 magnification). The cell invasion 
assay was performed in a similar manner, with the exception that 
the inserts were precoated with Matrigel (BD Biosciences).

Mouse tumour model. Short hairpin RNA (shRNA) sequences 
targeting USP30‑AS1 and negative control shRNA (sh‑NC) 
designed and synthesized by Shanghai GenePharma Co., Ltd., 
were inserted into a lentiviral vector. The vectors alongside 
psAX2 and pMD2G vectors were injected into 293T cells 
(Cell Bank of the Chinese Academy of Sciences). The lenti‑
viral supernatant was collected after 48 h of cultivation and 
used to infect HeLa cells. Finally, the stably transfected cells 
were filtered using puromycin (Sigma‑Aldrich; Merck KGaA).

A total of six female BALB/c nude mice (20 g; 
age, 4‑6 weeks) were purchased from HFK Bioscience 
(http://www.hfkbio.com). The animals were housed under 
specific pathogen‑free conditions at 25˚C and 50% humidity, 
with a 10:14 light/dark cycle and ad libitum access to food and 
water. The flank of mice were subcutaneously injected with 
2x106 HeLa cells stably transfected with sh‑USP30‑AS1 or 
sh‑NC. The condition of the mice was monitored once every 
2 days, and the width and length of the subcutaneous xenografts 
were measured weekly. The recorded data were then used to 
determine the tumour volume using the following formula: 
Volume=1/2x length x width2. At 4 weeks after cell injection, 
all mice were euthanized by means of cervical dislocation. 
Solid tumours were excised and weighed. Protocols involving 
animals were approved by the Ethical Guidelines for Animal 
Care and Use Committee of The First People's Hospital 
of Chongqing Liangjiang New Area (Chongqing, China; 
approval no. EGACUC‑TFHCQLJ.20181205). The humane 
endpoints used in the present study included: A tumour diam‑
eter >15 mm, tumour ulceration, abnormal feeding, weight loss 
or presence of cachexia.

Bioinformatics analysis. The potential miRNA targets of 
USP30‑AS1 were predicted using miRDB (http://mirdb.org/). 
The binding interaction between PTP4A1 and miR‑299‑3p 
was predicted using TargetScan (http://www.targetscan.
org/vert_60/) and miRDB.
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Dual‑luciferase reporter assay. USP30‑AS1 sequences 
containing the wild‑type (WT) or mutant (MUT) binding sites 
for miR‑299‑3p were constructed by Shanghai GenePharma 
Co., Ltd., and cloned into the pmirGLO luciferase vector 
(Promega Corporation) to obtain WT‑USP30‑AS1 and 
MUT‑USP30‑AS1 reporter vectors. The recombinant 
vectors, WT‑PTP4A1 and MUT‑PTP4A1, were designed 
and produced using the same method. The resulting vectors 
together with miR‑299‑3p mimic or miR‑NC were trans‑
fected into cervical cancer cells seeded into 6‑well plates at 
a density of 6x105 cells/well. Transfection experiments were 
performed using Lipofectamine 2000. After 48 h of incuba‑
tion, the injected cells were collected and measured using the 
Dual‑luciferase Reporter Assay kit (Promega Corporation).

RNA immunoprecipitation (RIP). Cervical cancer cells were 
harvested and treated using the EZ‑Magna RIP RNA‑binding 
Protein Immunoprecipitation kit (cat. no. 03‑110; EMD 
Millipore), which was performed according to manufacturer's 
protocol. Cells were lysed in RIP cell lysis buffer that came 
from the kit, and the supernatant was collected after centrifu‑
gation at 1,000 x g and 4˚C for 10 min. The cell extract (100 µl) 
was cultured, and magnetic beads conjugated with human 
anti‑AGO2 antibody (5 µl) or normal mouse IgG (5 µl) (both 
from cat. no. 03‑110; EMD Millipore) were added. Cells were 
incubated for 12 h and kept at 4˚C. Finally, magnetic beads 
were collected and treated with proteinase K to remove 
proteins. The relative enrichments of USP30‑AS1, miR‑299‑3p 
and PTP4A1 in immunoprecipitated RNA were quantified via 
RT‑qPCR.

Western blotting. The total protein was extracted from 
cultured cells by cultivating the cultured cells with RIPA lysis 
buffer (Beyotime Institute of Biotechnology). An enhanced 
BCA Protein Assay kit (Beyotime Institute of Biotechnology) 
was used to measure protein concentrations. A total of 30 µg 
protein were separated via SDS‑PAGE (10% gel). The sepa‑
rated proteins were then transferred onto polyvinylidene 
difluoride membranes and blocked with 5% non‑fat dried 
milk at room temperature for 2 h. After overnight incubation 
at 4˚C with primary antibodies targeting PTP4A1 (1:1,000 
dilution; cat. no. ab121185) or GAPDH (1:1,000 dilution; 
cat. no. ab128915) (both from Abcam), horseradish peroxidase 
(HRP)‑conjugated IgG secondary antibody (1:5,000 dilution; 
cat. no. ab205718; Abcam) was added, and cultivated at room 
temperature for 1 h. Ultimately, target protein development 
was achieved using Immobilon® ECL Ultra Western HRP 
Substrate (EMD Millipore). The densitometry was imple‑
mented utilizing Quantity One software (4.62 version; Bio Rad 
Laboratories, Inc.).

Statistical analysis. Statistical analysis was performed 
using SPSS 19.0 software (SPSS, Inc.). All experiments 
were performed in triplicate and data are presented as the 
mean ± standard error. Paired Student's t‑test was used to 
compare the levels of genes (USP30‑AS1, miR‑299‑3p and 
PTP4A1) between cervical cancer tissues and normal tissues, 
while unpaired Student's t‑test was used to compare all other 
differences between two groups. One‑way analysis of vari‑
ance followed by Tukey's post hoc test was used to compare 

differences between multiple groups. The gene correlation 
analysis was performed using Pearson's correlation analysis. 
Survival curves were generated using the Kaplan‑Meier 
method and compared using the log‑rank test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

USP30‑AS1 depletion inhibits cervical cancer cell prolif‑
eration, migration and invasion, and promotes cell apoptosis 
in vitro. First, USP30‑AS1 expression in CESC was determined 
using TCGA database. A marked increase in USP30‑AS1 
expression was identified in CESC tissues when compared 
with normal tissues (Fig. 1A). Also, the correlation between 
USP30‑AS1 expression and clinicopathological features in 
CESC was analysed employing TCGA database. The results 
are presented in Fig. S1A and B. Then, 56 pairs of cervical 
cancer tissue and adjacent normal tissues were collected 
to determine USP30‑AS1 expression. USP30‑AS1 was 
upregulated in cervical cancer tissues when compared with 
matched normal tissues (Fig. 1B). Furthermore, compared 
with Ect1/E6E7 cells, USP30‑AS1 levels were increased in 
the tested cervical cancer cell lines (Fig. 1C). Based on the 
median value of USP30‑AS1, all patients with cervical cancer 
were classified into two groups: USP30‑AS1‑high (n=28) and 
USP30‑AS1‑low (n=28) expression groups. The Kaplan‑Meier 
method alongside the log‑rank test was applied for the survival 
analysis. Patients with high USP30‑AS1 expression levels had 
shorter overall survival times than those with low USP30‑AS1 
expression (Fig. 1D).

Among the four cervical cancer cell lines, HeLa and CaSki 
cells exhibited the highest USP30‑AS1 expression levels, as 
evidenced by RT‑qPCR. Therefore, these two cell lines were 
selected for subsequent functional experiments. To address the 
effects of USP30‑AS1 in cervical cancer, USP30‑AS1‑targeting 
siRNAs were synthesized to knock down endogenous 
USP30‑AS1 expression, with si‑NC as the control. Fig. 1E 
depicts the efficiency of siRNAs in decreasing USP30‑AS1 
expression. There were two siRNAs, si‑USP30‑AS1#1 and 
si‑USP30‑AS1#2, used to avoid off‑target effects. USP30‑AS1 
knockdown significantly inhibited HeLa and CaSki cell 
proliferation (Fig. 1F). Furthermore, a notable increase in 
cell apoptosis was observed in USP30‑AS1‑deficient HeLa 
and CaSki cells (Fig. 1G). Transwell migration and invasion 
assays revealed that the absence of USP30‑AS1 hindered the 
migratory (Fig. 1H) and invasive (Fig. 1I) abilities of HeLa 
and CaSki cells. Taken together, these results suggest that 
USP30‑AS1 functions as a carcinogenic lncRNA in cervical 
cancer.

USP30‑AS1 directly binds to miR‑299‑3p and functions as a 
miR‑299‑3p sponge in cervical cancer. In order to investigate 
the carcinogenic mechanism of USP30‑AS1 in cervical cancer, 
the subcellular distribution of USP30‑AS1 was examined via 
a subcellular fractionation assay. USP30‑AS1 was mostly 
localized in the cytoplasm of HeLa and CaSki cells (Fig. 2A). 
Several studies have reported that cytoplasmic lncRNAs can 
function as molecular sponges for certain miRNAs and further 
regulate gene expression. By searching the miRDB, a total of 
41 miRNAs (Fig. 2B) were predicted as potential downstream 
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targets of USP30‑AS1. These miRNAs were analysed using 
TCGA database to screen miRNAs that are expressed at low 
levels in cervical cancer. A total of six miRNAs (miR‑127‑5p, 
miR‑186‑3p, miR‑204‑5p, miR‑299‑3p, miR‑379‑3p and 
miR‑411‑3p) were downregulated in CESC (Fig. 2C); therefore, 
they were selected for further investigation. Next, RT‑qPCR 
was performed to measure the expression levels of these candi‑
date miRNAs in cervical cancer cells following USP30‑AS1 
silencing. Transfection with si‑USP30‑AS1 resulted in mark‑
edly high expression levels of miR‑299‑3p in HeLa and CaSki 
cells (Fig. 2D). Furthermore, miR‑299‑3p was expressed at 
low levels in cervical cancer tissues (Fig. 2E) and exhibited 

an inverse expression correlation with USP30‑AS1 (Fig. 2F). 
Furthermore, the correlation between miR‑299‑3p expres‑
sion and clinicopathological features in CESC was analysed 
via TCGA database. The results are presented in Fig. S1C‑E. 
Low miR‑299‑3p expression was significantly associated with 
tumour stage in patients with CESC. 

Luciferase reporter and RIP assays were performed to 
verify the functional interaction between USP30‑AS1 and 
miR‑299‑3p (Fig. 2G). The luciferase reporter assay revealed 
that the luciferase activity of WT‑USP30‑AS1 was alleviated 
by the miR‑299‑3p mimic. However, exogenous miR‑299‑3p 
expression did not affect MUT‑USP30‑AS1 activity (Fig. 2H). 

Figure 1. USP30‑AS1 knockdown inhibits the malignant behaviours of cervical cancer cells. (A) USP30‑AS1 expression in cervical squamous cell carcinoma 
and endocervical adenocarcinoma using The Cancer Genome Atlas database. *P<0.05 vs. normal. (B) RT‑qPCR analysis of the relative expression of USP30‑AS1 
in 56 cervical cancer tissues and adjacent normal tissues. **P<0.01 vs. normal. (C) USP30‑AS1 expression in cervical cancer cell lines and the normal human 
cervical epithelial cell line Ect1/E6E7 via RT‑qPCR. **P<0.01 vs. Ect1/E6E7. (D) Kaplan‑Meier survival analysis showing the correlation between USP30‑AS1 
expression and overall survival in 56 patients with cervical cancer. (E) Transfection of si‑USP30‑AS1 and control si‑NC was implemented in HeLa and CaSki 
cells. USP30‑AS1 expression was detected via RT‑qPCR. **P<0.01 vs. si‑NC. (F and G) Proliferation and apoptosis detected using the Cell Counting Kit‑8 
assay and flow cytometry analysis in HeLa and CaSki cells following USP30‑AS1 knockdown. **P<0.01 vs. si‑NC. (H and I) Transwell migration and invasion 
assays illustrating the migration and invasion of USP30‑AS1‑silenced HeLa and CaSki cells. **P<0.01 vs. si‑NC. RT‑qPCR, reverse transcription‑quantitative 
PCR; si, small interfering; NC, negative control; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; si, small interfering. 
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Furthermore, the RIP assay revealed that both USP30‑AS1 
and miR‑299‑3p had a tendency to be present in Ago2‑rich 
magnetic beads (Fig. 2I). Taken together, the results suggest 
that USP30‑AS1 is an endogenous miR‑299‑3p sponge in 
cervical cancer.

miR‑299‑3p plays an anti‑oncogenic role and directly targets 
PTP4A1 in cervical cancer. In order to detect the role of 
miR‑299‑3p in cervical cancer, miR‑299‑3p was overexpressed 
in HeLa and CaSki cells following transfection with miR‑299‑3p 
mimic (Fig. 3A). Overexpressed miR‑299‑3p evidently 

Figure 2. USP30‑AS1 directly binds to miR‑299‑3p and sponges miR‑299‑3p in cervical cancer. (A) Subcellular localisation of USP30‑AS1 in cervical cancer 
cells using the subcellular fractionation assay. (B) The target miRNAs of USP30‑AS1 that were predicted by miRDB. (C) Expression analysis of the predicted 
miRNAs in The Cancer Genome Atlas database. A total of six miRNAs were found to be downregulated in CESC. (D) miR‑299‑3p expression in HeLa and 
CaSki cells with USP30‑AS1 knockdown via RT‑qPCR. **P<0.01 vs. si‑NC. (E) RT‑qPCR illustrating miR‑299‑3p expression in 56 cervical cancer tissues and 
adjacent normal tissues. **P<0.01 vs. normal. (F) Association between USP30‑AS1 and miR‑299‑3p in 56 cervical cancer tissues using Pearson's correlation 
analysis. (G) Predicted wild‑type binding sequences between USP30‑AS1 and miR‑299‑3p and the mutant site. (H) Luciferase reporter assay to verify the 
binding interaction of USP30‑AS1 to miR‑299‑3p. The luciferase activity was measured in HeLa and CaSki cells cotransfected with miR‑299‑3p mimic or 
miR‑NC and WT‑USP30‑AS1 or MUT‑USP30‑AS1. **P<0.01 vs. miR‑NC. (I) RIP assay implemented to evaluate the relative enrichment of USP30‑AS1 
and miR‑299‑3p by the anti‑Ago2 antibody in HeLa and CaSki cells. **P<0.01 vs. IgG. miRNA, microRNA; CESC, cervical squamous cell carcinoma and 
endocervical adenocarcinoma; RT‑qPCR, reverse transcription‑quantitative PCR; si, small interfering.
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lowered the proliferation ability (Fig. 3B) and facilitated the 
apoptosis (Fig. 3C) of HeLa and CaSki cells. Furthermore, 
the migration (Fig. 3D) and invasion (Fig. 3E) of HeLa and 
CaSki cells were obviously impaired after miR‑299‑3p mimic 
injection. Bioinformatics prediction indicated a targeting rela‑
tionship between miR‑299‑3p and PTP4A1 (Fig. 3F). Based 
on the binding sequences, WT and MUT luciferase reporter 
vectors were designed, synthesized and cotransfected with 
miR‑299‑3p mimic or miR‑NC into HeLa and CaSki cells. The 
reinforced expression of miR‑299‑3p considerably lowered 
WT‑PTP4A1 activity, whereas miR‑299‑3p mimic transfec‑
tion did not inhibit the luciferase activity of PTP4A1 when 
the binding sequences were mutated (Fig. 3G). Furthermore, 
PTP4A1 mRNA (Fig. 3H) and protein (Fig. 3I) expression 
levels were downregulated by miR‑299‑3p upregulation in 
HeLa and CaSki cells. In addition, PTP4A1 overexpression in 
cervical cancer tissues (Fig. 3J) was negatively correlated with 
miR‑299‑3p expression (Fig. 3K). Through TCGA database, 
it was revealed that high expression of PTP4A1 shows worse 
prognosis in cervical cancer in TCGA database (Fig. S1F). In 

general, miR‑299‑3p directly targets PTP4A1 and suppresses 
malignant behaviour in cervical cancer.

USP30‑AS1 competitively sponges miR‑299‑3p to positively 
regulate PTP4A1 expression in cervical cancer. The present 
study attempted to further understand the relationship among 
USP30‑AS1, miR‑299‑3p and PTP4A1 in cervical cancer. 
HeLa and CaSki cells were transfected with si‑USP30‑AS1 
alone or cotransfected with anti‑miR‑299‑3p or anti‑miR‑NC. 
PTP4A1 mRNA and protein levels were assayed by performing 
RT‑qPCR and western blotting, respectively. USP30‑AS1 
interference markedly decreased PTP4A1 expression at both 
the mRNA (Fig. 4A) or protein (Fig. 4B) levels, whereas 
anti‑miR‑299‑3p cotransfection reversed its regulatory actions 
on PTP4A1 expression (Fig. 4C and D). Furthermore, a RIP 
assay was performed to assess the potentially endogenous 
interaction among USP30‑AS1, miR‑299‑3p and PTP4A1. The 
results revealed that all three molecules were substantially 
enriched by the anti‑Ago2 antibody (Fig. 4E). Furthermore, 
a positive correlation was observed between USP30‑AS1 and 

Figure 3. PTP4A1 is a direct target of miR‑299‑3p in cervical cancer. (A) miR‑299‑3p mimic or miR‑NC was transfected into HeLa and CaSki cells, and 
miR‑299‑3p expression analysis was performed using RT‑qPCR. **P<0.01 vs. miR‑NC. (B and C) Effects of miR‑299‑3p upregulation on proliferation and 
apoptosis using the Cell Counting Kit‑8 assay and flow cytometry analysis, respectively. **P<0.01 vs. miR‑NC. (D and E) Transwell migration and invasion 
assays to determine the migration and invasion of HeLa and CaSki cells following miR‑299‑3p mimic transfection. **P<0.01 vs. miR‑NC. (F) Predicted binding 
sequences of miR‑299‑3p to the 3'‑untranslated region of PTP4A1 and mutated binding sequences. (G) Luciferase activity determined in HeLa and CaSki cells 
after cotransfection with miR‑299‑3p mimic or miR‑NC and luciferase reporter vectors carrying wild‑type or mutant miR‑299‑3p binding sites. **P<0.01 vs. 
miR‑NC. (H and I) Regulatory actions of the miR‑299‑3p mimic on endogenous PTP4A1 mRNA and protein levels in HeLa and CaSki cells using RT‑qPCR 
and western blotting, respectively. **P<0.01 vs. miR‑NC. (J) PTP4A1 mRNA expression detection in 56 cervical cancer tissues and adjacent normal tissues 
using RT‑qPCR. **P<0.01 vs. normal. (K) Pearson's correlation analysis to explore the expression correlation between PTP4A1 and miR‑299‑3p in 56 cervical 
cancer tissues. miR, microRNA; RT‑qPCR, reverse transcription‑quantitative PCR; NC, negative control; WT, wild‑type; MUT, mutant.
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PTP4A1 expression in cervical cancer tissues (Fig. 4F). In 
short, USP30‑AS1 functions as a ceRNA for miR‑299‑3p and 
thereby upregulates PTP4A1 in cervical cancer.

Increased output of miR‑299‑3p/PTP4A1 neutralises the 
actions of si‑USP30‑AS1 on cervical cancer cells. As the 
present study demonstrated that USP30‑AS1 functions as a 
ceRNA to positively regulate PTP4A1 expression by seques‑
tering miR‑299‑3p in cervical cancer, rescue experiments were 
performed to understand whether the tumour‑promoting roles 
of USP30‑AS1 were mediated by the miR‑299‑3p/PTP4A1 axis. 
Initially, RT‑qPCR verified the efficiency of anti‑miR‑299‑3p 
in decreasing miR‑299‑3p expression (Fig. 5A). HeLa and 
CaSki cells were cotransfected with si‑USP30‑AS1 alongside 
anti‑miR‑299‑3p or anti‑miR‑NC, followed by functional 
experiments. miR‑299‑3p downregulation abrogated the 
antiproliferative (Fig. 5B) and proapoptotic (Fig. 5C) effects 
of si‑USP30‑AS1 in HeLa and CaSki cells. Similarly, 
anti‑miR‑299‑3p markedly rescued the migration (Fig. 5D) and 
invasion (Fig. 5E) abilities of HeLa and CaSki cells hindered 
by USP30‑AS1 deficiency.

Western blotting revealed that transfection of pc‑PTP4A1 
induced PTP4A1 overexpression in HeLa and CaSki cells 
(Fig. 6A). pc‑PTP4A1 or pcDNA3.1 along with si‑USP30‑AS1 
was transfected into HeLa and CaSki cells. In HeLa and CaSki 
cells, USP30‑AS1 loss suppressed cell proliferation (Fig. 6B) 
and increased cell apoptosis (Fig. 6C), whereas PTP4A1 over‑
expression abolished these effects. Furthermore, cotransfection 
with pc‑PTP4A1 reversed the inhibition of the migration 
(Fig. 6D) and invasion (Fig. 6E) of HeLa and CaSki cells by 

si‑USP30‑AS1. Taken together, these results suggest that the 
ceRNA mechanism‑based USP30‑AS1/miR‑299‑3p/PTP4A1 
network can promote cervical cancer cell malignant potential.

Depletion of USP30‑AS1 restrains tumour growth in vivo. To 
analyse the effects of USP30‑AS1 on tumour growth in vivo, 
HeLa cells stably expressing sh‑USP30‑AS1 were constructed 
and subcutaneously injected into nude mice to construct a 
mouse tumour model. The volume (Fig. 7A and B) and weight 
(Fig. 7C) of the subcutaneous tumours in the sh‑USP30‑AS1 
group were evidently smaller than those in the sh‑NC group. 
Additionally, the expression analyses revealed that USP30‑AS1 
was downregulated (Fig. 7D) but miR‑299‑3p was upregulated 
(Fig. 7E) in the tumours in the USP30‑AS1‑silenced group. 
Furthermore, the tumours in the sh‑USP30‑AS1 group had 
decreased PTP4A1 protein expression compared with the 
sh‑NC group (Fig. 7F). Therefore, USP30‑AS1 interference 
decreases the tumour growth of cervical cancer cells in vivo.

Discussion

Recently, a substantial amount of research has investigated the 
roles of lncRNAs in cervical cancer, and satisfactory results 
have been obtained (28‑30). Several lncRNAs are differentially 
expressed in cervical cancer, which affect several aggressive 
properties of the tumour (31). Considering the importance of 
lncRNAs, they have huge potential for exploitation as targets 
for the diagnosis, prognosis and treatment of cancer. The 
ENCODE database reported that the human genome possesses 
33,829 lncRNAs (32); however, the regulatory activities of 

Figure 4. USP30‑AS1 sequesters miR‑299‑3p and upregulates PTP4A1 expression in cervical cancer cells. (A and B) Reverse transcription‑quantitative 
PCR and western blotting to detect PTP4A1 mRNA and protein levels, respectively, in HeLa and CaSki cells after USP30‑AS1 silencing. **P<0.01 vs. si‑NC. 
(C and D) USP30‑AS1‑silenced HeLa and CaSki cells transfected with anti‑miR‑299‑3p or anti‑miR‑NC, followed by PTP4A1 mRNA and protein level 
measurements. **P<0.01 vs. si‑NC and si‑USP30‑AS1+ anti‑miR‑299‑3p. (E) RIP assay to determine the relative enrichment of USP30‑AS1, miR‑299‑3p and 
PTP4A1 by anti‑Ago2 antibody in HeLa and CaSki cells. **P<0.01 vs. IgG. (F) Pearson's correlation analysis to assess the correlation between PTP4A1 and 
PTP4A1 levels in 56 cervical cancer tissues. miR, microRNA; NC, negative control; si, small interfering.
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most lncRNAs remain unknown, including USP30‑AS1. 
Therefore, the present study determined whether USP30‑AS1 
is implicated in cervical cancer malignancy and investigated 
its relevant underlying molecular mechanisms.

USP30‑AS1 is upregulated in bladder urothelial carcinoma 
and is associated with cell autophagy (24). Furthermore, 
lncRNAs have been verified as independent prognostic 
factors for bladder urothelial carcinoma (24). To date, neither 
the expression status nor the detailed role of USP30‑AS1 
have been elucidated in cervical cancer. In the present study, 
increased USP30‑AS1 expression was observed in both 
cervical cancer tissues and cell lines. Furthermore, patients 
with cervical cancer that exhibit high USP30‑AS1 expres‑
sion levels had shorter overall survival than those with low 
USP30‑AS1 expression levels. In vitro and in vivo experiments 
revealed that USP30‑AS1 downregulation induced cell apop‑
tosis; suppressed cell proliferation, migration and invasion 
in vitro; and impeded tumour growth in vivo. All these results 
offer a new theoretical and experimental basis for developing 
USP30‑AS1 as a diagnostic and prognostic biomarker as well 
as a therapeutic target for cervical cancer.

In terms of the working mechanism, lncRNAs can compete 
for miRNAs through the same miRNA recognition element, 
which lowers the negative regulatory actions of miRNAs on 
target genes and indirectly modulates target mRNA levels (33). 
To investigate whether USP30‑AS1 acts as a miRNA sponge, 

the exact distribution of USP30‑AS1 in cervical cancer cells was 
determined via a subcellular fractionation assay. USP30‑AS1 
was identified as a cytoplasmic lncRNA in cervical cancer 
cells. Then, using bioinformatics analyses, the binding site 
between USP30‑AS1 and miR‑299‑3p was determined, and 
subsequent mechanistic studies corroborated that USP30‑AS1 
functions as an endogenous sponge for miR‑299‑3p in cervical 
cancer. Furthermore, PTP4A1 was validated as the down‑
stream target of miR‑299‑3p, and miR‑299‑3p could lower 
PTP4A1 expression in cervical cancer cells by base pairing 
with its 3'‑UTR. Notably, further investigation determined 
the effects of USP30‑AS1 on PTP4A1 expression in cervical 
cancer cells. The results of the present study suggest that 
PTP4A1 is indirectly regulated by USP30‑AS1 by decoying 
miR‑299‑3p. Taken together, these observations unveil a new 
ceRNA network involving USP30‑AS1, miR‑299‑3p and 
PTP4A1.

miR‑299‑3p dysregulation has been reported in several 
types of human cancer (34‑36). In cervical cancer, miR‑299‑3p 
is weakly expressed and plays an anti‑oncogenic role during 
cancer progression by inhibiting cell proliferation, colony 
formation and invasion (37), which is in accordance with 
the results of the present study. Mechanistically, PTP4A1, 
a prenylated protein tyrosine phosphatase, was identified as 
the direct target of miR‑299‑3p in cervical cancer. PTP4A1, 
also known as a phosphatase of the regenerating liver, is 

Figure 5. Regulatory actions of si‑USP30‑AS1 on cervical cancer cells require miR‑299‑3p. (A) Total RNA was isolated from anti‑miR‑299‑3p‑transfected or 
anti‑miR‑NC‑transfected HeLa and CaSki cells, and miR‑299‑3p levels were detected via reverse transcription‑quantitative PCR. **P<0.01 vs. anti‑miR‑NC. 
(B and C) USP30‑AS1‑silenced HeLa and CaSki cells were transfected with anti‑miR‑299‑3p or anti‑miR‑NC, followed by cell proliferation and apoptosis 
detection using the Cell Counting Kit‑8 assay and flow cytometry. **P<0.01 vs. si‑NC and si‑USP30‑AS1+ anti‑miR‑299‑3p. (D and E) Transwell migration 
and invasion assays demonstrating the migration and invasion of HeLa and CaSki cells after cotransfection with si‑USP30‑AS1 and anti‑miR‑299‑3p or 
anti‑miR‑NC. **P<0.01 vs. si‑NC and si‑USP30‑AS1+ anti‑miR‑299‑3p. miR, microRNA; NC, negative control; si, small interfering.
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upregulated in patients with cervical cancer and is impli‑
cated in the control of multiple malignant behaviours (38,39). 

Post‑transcriptional regulation of PTP4A1 by miRNAs has 
been investigated in several types of human cancer. For 

Figure 7. Absence of USP30‑AS1 hinders tumour growth in vivo. (A) HeLa cells stably silenced with USP30‑AS1 were subcutaneously injected into nude 
mice, and the growth curves were monitored based on the tumour volume detected at different time points. (B) Representative images of subcutaneous 
tumours collected from the sh‑USP30‑AS1 and sh‑NC groups. (C) After nude mice were euthanized, subcutaneous tumours were excised and weighed. 
(D and E) USP30‑AS1 and miR‑299‑3p expression in subcutaneous tumours obtained from the sh‑USP30‑AS1 and sh‑NC groups was measured using reverse 
transcription‑quantitative PCR. (F) Western blotting was used to detect PTP4A1 expression in the subcutaneous tumours. **P<0.01 vs. sh‑NC group. sh, short 
hairpin; NC, negative control; miR, microRNA.

Figure 6. Overexpressing PTP4A1 reverses the antitumour activities of USP30‑AS1 knockdown in cervical cancer cells. (A) Western blotting demonstrated the 
overexpression efficiency of pc‑PTP4A1 in HeLa and CaSki cells. **P<0.01 vs. pcDNA3.1. (B‑E) HeLa and CaSki cells underwent pc‑PTP4A1 or pcDNA3.1 
and si‑USP30‑AS1 cotransfection. The proliferation, apoptosis, migration and invasion of cotransfected cells were assessed using the Cell Counting Kit‑8 
assay, flow cytometry, and Transwell migration and invasion assays, respectively. **P<0.01 vs. si‑NC and si‑USP30‑AS1+ pc‑PTP4A1. si, small interfering.
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example, miR‑1271 directly targets PTP4A1 and decreases 
its expression in hepatocellular carcinoma, subsequently 
resulting in the inhibition of tumour metastasis and the 
epithelial‑to‑mesenchymal transition (40). Nevertheless, 
the lncRNA‑mediated modulation of PTP4A1 is still far 
from being fully addressed in cervical cancer. To the best 
of our knowledge, the presented reported for the first time 
that PTP4A1 could be regulated by USP30‑AS1 at the 
post‑transcriptional level in cervical cancer. USP30‑AS1, a 
type of ceRNA, competes for miR‑299‑3p in cervical cancer 
and thereby reverses the suppressive effects of miR‑299‑3p 
on PTP4A1, resulting in PTP4A1 overexpression. In addition, 
rescue experiments confirmed that miR‑299‑3p interventions 
or exogenous PTP4A1 counteracted the cancer‑inhibiting 
actions of USP30‑AS1 deficiency in cervical cancer cells. 
Taken together, the miR‑299‑3p/PTP4A1 axis mediates the 
central roles of USP30‑AS1 in cervical cancer and forms the 
USP30‑AS1/miR‑299‑3p/PTP4A1 pathway.

The present study had some limitations; it lacked the 
recurrence monitoring of all patients that participated in this 
research. This will be the focus of future studies. 

In conclusion, to the best of our knowledge, the present 
study demonstrated for the first time that high USP30‑AS1 
expression is closely associated with worse overall survival 
outcomes in patients with cervical cancer. USP30‑AS1 func‑
tions as a ceRNA and upregulates PTP4A1 by decoying 
miR‑299‑3p, thereby aggravating the oncogenic potential 
of cervical cancer cells both in vitro and in vivo. The 
USP30‑AS1/miR‑299‑3p/PTP4A1 network may be an impor‑
tant molecular marker for cervical cancer progression and may 
be researched as a new strategy for targeted therapy.
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