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Abstract. long non‑coding rnas (lncrnas) have been 
discovered to serve important roles in a variety of types 
of cancer, including cervical cancer. The low expression 
of lncrna long intergenic non‑protein coding rna 861 
(linc00861) is related to poor prognosis in ovarian 
cancer. However, the effects and underlying mechanisms of 
linc00861 in cervical cancer remain largely unknown. The 
present study aimed to examine the role of linc00861 in 
the development and progression of ovarian cancer and its 
underlying mechanisms. The expression levels of linc00861 
and microrna (mir)‑513b‑5p were analyzed using reverse 
transcription‑quantitative Pcr analysis. cell proliferation, 
migration and invasion were measured by using cell counting 
Kit‑8, colony formation, wound healing and Transwell assays, 
respectively. a luciferase assay was used to determine whether 
mir‑513b‑5p targeted linc00861 and PTen. The expression 
of protein was measured by using western blot assay. The 
results of the present study discovered that linc00861 expres‑
sion levels were significantly downregulated in cervical cancer 
tissues and caSki and Me‑180 cell lines. downregulated 
LINC00861 expression levels were identified to be associated 
with an advanced‑stage, lymph node metastasis and the poor 
survival of patients with cervical cancer. Gene Set enrichment 
analysis revealed that the Pi3K/aKT/mTor signaling 
pathway was significantly enriched in cervical tumors 

expressing low expression levels of linc00861 compared 
with tumors expressing high levels of linc00861. The 
overexpression of linc00861 reduced cervical cancer cell 
proliferation, migration, invasion and epithelial‑mesenchymal 
transition (eMT) processes, upregulated PTen protein expres‑
sion levels and downregulated phosphorylated (p)‑aKT and 
p‑mTor protein expression levels. The regulatory relationship 
between linc00861, microrna (mir)‑513b‑5p and PTen 
was validated using a dual luciferase reporter gene assay. 
PTen expression levels were significantly downregulated 
in the miR‑513b‑5p mimic group and significantly upregu‑
lated in the mir‑513b‑5p inhibitor group compared with the 
mimic nc and inhibitor nc in both cell lines. Furthermore, 
linc00861 was suggested to serve as a competing endog‑
enous rna by sponging mir‑513b‑5p and consequently 
upregulating the expression levels of PTen in cervical cancer 
cells. The expression of PTen, the phosphorylation of akt and 
mTor and and the eMT phenotype were rescued following 
co‑transfection with linc00861 and mir‑513b‑5p mimics. in 
conclusion, the findings of the present study indicated that the 
linc00861/mir‑513b‑5p axis may inhibit the progression of 
cervical cancer cells through the PTen/aKT/mTor signaling 
pathway to suppress the eMT process.

Introduction

cervical cancer is the fourth most common type of malig‑
nancy and a prominent cause of cancer‑related deaths in 
women worldwide (1). indeed, cervical cancer was responsible 
for 570,000 cases and 311,000 deaths in 2018 worldwide, 
ranking after breast cancer (2.1 million cases), colorectal 
cancer (0.8 million) and lung cancer (0.7 million) (1). clinical 
characteristics, such as advanced tumor stage and lymph node 
metastasis, have been associated with poor prognosis and poor 
therapeutic outcomes (2). The 5‑year overall survival for women 
with locally advanced cervical cancers is ~70% following 
completion of concurrent chemoradiotherapy (2). despite a 
steady decline in cervical cancer incidence and mortality rates 
in recent years due to human papillomavirus (HPV)‑based 
screening programs and HPV vaccination programs, cervical 
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cancer continues to pose a considerable threat to middle‑aged 
women (3). Therefore, there remains an urgent requirement 
to discover novel prognostic biomarkers and to determine the 
important signaling pathways that are activated or inactivated 
in the event of cervical cancer. in addition, more effective 
therapeutic strategies for anticancer therapy in cervical cancer 
need to be developed.

long non‑coding rnas (lncrnas) are transcripts of 
>200 nucleotides in length that do not encode proteins (4). 
Previous studies have reported that lncrnas have functions 
in numerous biological activities, including cell cycle regula‑
tion (5), stem cell differentiation (6), the immune response (7), 
cancer progression (8) and chemotherapy resistance (9). a 
few studies have reported that the lncrna, long intergenic 
non‑protein coding rna 861 (linc00861), was involved 
in the progression and prognosis of a wide range of types of 
cancer. For example, the downregulated expression levels of 
linc00861 were reportedly associated with a poor prognosis 
in ovarian cancer (10). linc00861 expression levels were 
also demonstrated to be downregulated in an early recurrence 
group of patients with hepatocellular carcinoma compared 
with a non‑early recurrence group of patients (11). in addi‑
tion, in another previous study, linc00861 was able to bind 
to hsa‑microrna (mirna/mir)‑510, and it was associated 
with clinical biomarkers, such as the receptor tyrosine protein 
kinase erBB‑2, estrogen receptor and progesterone receptor, 
in breast cancer (12). emerging evidence has revealed that 
lncrnas serve as competing endogenous rnas (cernas) to 
regulate the epithelial‑mesenchymal transition (eMT) process, 
such as the lncrnas plasmacytoma variant translocation 1 and 
colon cancer associated transcript‑1, in cervical cancer (13,14). 
However, the expression and underlying mechanism of 
linc00861 in cervical cancer progression remain unclear.

in the current study, the expression levels of linc00861 
were discovered to be significantly downregulated in cervical 
cancer tissues, as well as caSki and Me‑180 cell lines. The 
downregulated linc00861 expression levels were associated 
with an advanced‑stage, lymph node metastasis and the poor 
survival of patients with cervical cancer. linc00861 overex‑
pression was also demonstrated to inhibit cervical cancer cell 
proliferation, migration, invasion and eMT via functioning as 
a cerna for mir‑513b‑5p, which subsequently regulated the 
PTen/aKT/mTor signaling pathway.

Materials and methods

Clinical specimens. a total of 56 cervical cancer tissues 
from patients (age, 35‑59) with cervical cancer and their 
matched adjacent normal tissues were obtained from the 
department of Gynecology at Yantai Hospital of Traditional 
chinese Medicine from april 2017 to december 2018. all 
samples were collected, snap‑frozen in liquid nitrogen and 
kept at ‑80˚C until use. Patients were included if they were 
pathologically diagnosed with cervical cancer and had not 
received anticancer therapy prior to tumor excision. Patients 
were excluded if they had other malignant tumors. Written 
informed consent was obtained from each patient. The study 
protocol was approved by the research ethics committee of 
Yantai Hospital of Traditional chinese Medicine (approval 
no. YTSZYYY2017‑112).

all diagnoses were histologically confirmed indepen‑
dently by at least two experienced pathologists following 
the examination of the sections following hematoxylin and 
eosin (H&E) staining. Tissues were fixed in 4% paraformal‑
dehyde for 24 h at 25˚C, dehydrated, embedded in paraffin, 
and cut into 4‑µm slices for histological staining. These 
sections were stained with hematoxylin (Beyotime institute 
of Biotechnology) for 15 min and eosin (Beyotime institute 
of Biotechnology) for 5 min at 25˚C. Samples were exam‑
ined under a light microscope (magnification, x400; Nikon 
corporation).

Cell culture and transfection. Human cervical cancer cell 
lines, caSki and Me‑180, and the human cervical epithelial 
cell line, ect1/e6e7, were obtained from the american Type 
culture collection. all cells were maintained in rPMi‑1640 
medium (Hyclone; cytiva) supplemented with 10% FBS 
(Gibco; Thermo Fisher Scientific, inc.), and maintained at 
37˚C in a humidified atmosphere with 5% CO2.

caSki and Me‑180 cells (1.5x106 cells/ml) were 
seeded into 6‑well plates and transfected with 50 nM 
pcdna3.1‑linc00861 or empty vector pcdna3.1 as a nega‑
tive control (nc), (both Shanghai GenePharma co., ltd.) using 
lipofectamine® 2000 reagent (invitrogen; Thermo Fisher 
Scientific, Inc.) 37˚C for 6 h, according to the manufacturer's 
protocol. mir‑513b‑5p expression levels were overexpressed 
or knocked down by transfecting caSki and Me‑180 cells 
(1.5x106 cells/ml) with 50 nM mir‑513b‑5p mimic or 
mir‑513b‑5p inhibitor, respectively, or their respective ncs, 
mimic nc and inhibitor nc (all Shanghai GenePharma co., 
ltd.). The sequences are listed in Table i. The transfections 
were also performed using lipofectamine® 2000 reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's instructions at 37˚C for 6 h. CaSki and ME‑180 
cells were harvested at 48 h after transfection.

Cell Counting Kit‑8 (CCK‑8) assay. caSki and Me‑180 cells 
were seeded into 96‑well plates at a density of 2x103 cells/100 µl 
and incubated at 37˚C for 24, 48 and 72 h. Subsequently, 10 µl 
ccK‑8 solution (dojindo Molecular Technologies, inc.) was 
added to each well and incubated for 2 h. The absorbance at 
a wavelength of 450 nm was measured in each well using a 
microplate reader (Bio‑rad laboratories, inc.).

Colony formation assay. caSki and Me‑180 cells were plated 
into six‑well plates at a density of 1x103 cells/100 µl. Following 
incubation for 12 days at 37˚C, the cells were fixed with 
4% paraformaldehyde at 25˚C for 15 min and stained with 
0.1% crystal violet solution at 25˚C for 20 min. Colonies were 
counted under a light microscope (magnification, x100; Nikon 
corporation), with >50 cells considered a colony.

Wound healing assay. caSki and Me‑180 cells were seeded 
in six‑well plates at a density of 4x105 cells/well. The cell 
monolayers were scratched using a 200‑µl pipette tip once the 
cultured cells reached 100% confluence and then cultured in 
serum‑free rPMi‑1640 medium. at 0 and 24 h, the width of 
the wound was visualized under a light microscope (magni‑
fication, x100; Nikon Corporation). The wound healing rate 
was calculated by using the formula: The wound healing 
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rate (%) = (width of the wound at 0 h‑width of the wound at 
24 h)/width of the wound at 0 h x100%.

Transwell invasion assay. caSki and Me‑180 cells at a density 
of 4x103 cells/100 µl in serum‑free rPMi‑1640 medium were 
plated into the upper chambers of 24‑well Transwell plates 
(corning, inc.) precoated with Matrigel (eMd Millipore) 
at 37˚C for 60 min. The lower chambers were filled with 
500 µl rPMi‑1640 medium supplemented with 10% FBS. 
Following 24 h of incubation at 37˚C, the invasive cells were 
fixed with 75% methanol at 25˚C for 15 min and then stained 
with 0.1% crystal violet (Sigma‑aldrich; Merck KGaa) for at 
25˚C 15 min. The invasive cells were visualized under a light 
microscope (magnification, x100; Nikon Corporation).

Dual luciferase reporter assay. The diana Tools (http://carolina.
imis.athena‑innovation.gr/diana_tools/web/index.php) and 
TargetScan 7.2 (http://www.targetscan.org/vert_72/) bioinfor‑
matics databases were used to identify potential binding sites 
between linc00861, mir‑513b‑5p and PTen. The mutations 
in the mir‑513‑5p binding sites were introduced using the 
Geneart™ site‑directed mutagenesis system (Thermo Fisher 
Scientifc, inc.). The linc00861 wild‑type (WT) or linc00861 
mutant (MuT) and PTen‑WT or PTen‑MuT binding 
mir‑513‑5p were synthesized and cloned into the Renilla 
psicHecK2 vector (Promega corporation). Subsequently, 
caSki and Me‑180 cells at 5x104 cells/well in 24‑well 
plates were co‑transfected with 500 ng the linc00861‑WT, 
linc00861‑MuT, PTen‑WT or PTen‑MuT vectors and the 
mir‑513‑5p mimic or mimic nc, using lipofectamine 2000 
reagent. Following 48 h of transfection at 37˚C, the relative 
luciferase activity was measured using a dual luciferase 
reporter assay system (Promega corporation). renilla 
luciferase activity was used as the normalization.

Reverse transcription‑quantitative PCR (RT‑qPCR). Total 
rna was extracted from frozen tissues and cultured cells 
(caSki, Me‑180, and ect1/e6e7) using Trizol® reagent 
(Invitrogen; Thermo Fisher Scientific, Inc.). 1 µg RNA was 
reverse transcribed into cdna using PrimeScript™ rT reagent 
kit with gdna eraser (cat. no. rr047a; Takara Bio, inc.). qPcr 
was subsequently performed on an applied Biosystems 7500 
real‑Time Pcr system (Thermo Fisher Scientific, inc.) 
using the Power SYBr™ Green Pcr Master mix (applied 

Biosystems; Thermo Fisher Scientific, Inc.). qPCR was ampli‑
fied using the following thermocycling conditions: i) Initial 
denaturation at 95˚C for 30 sec; followed by 35 cycles of 
denaturation at 95˚C for 5 sec, annealing at 55˚C for 20 sec 
and extension at 72˚C for 20 sec. The primer sequences used 
for qPcr are listed in Table ii. u6, which is a small nuclear 
rna, and GaPdH were used as the internal controls for 
mirna and mrna, respectively. data were analysed using 
the 2‑ΔΔcq method (15).

Western blotting. Total protein was extracted from the caSki 
and Me‑180 cell lines using riPa lysis buffer (Thermo Fisher 
Scientific, inc.). Total protein was quantified by using an 
enhanced Bca Protein assay kit (Beyotime institute of 
Biotechnology) and 50 µg protein/lane was separated via 
10% SdS‑PaGe. The separated proteins were subsequently 
transferred onto PVdF membranes (eMd Millipore) and 
blocked by using 5% non‑fat milk for 1 h at room temperature. 
The membranes were then incubated overnight at 4˚C with the 
following primary antibodies (all cell Signaling Technology, 
inc.): anti‑PTen (1:2,000; cat. no. 9188), anti‑phosphorylated 
(p)‑aKT (1:2,000; cat. no. 4060), anti‑aKT (1:2,000; 
cat. no. 9272), anti‑p‑mTor (1:2,000; cat. no. 5536), 
anti‑mTor (1:2,000; cat. no. 2972), anti‑e‑cadherin (1:2,000; 
cat. no. 3195), anti‑Snail (1:2,000; cat. no. 3879), anti‑vimentin 
(1:2,000; cat. no. 5741) and anti‑GaPdH (1:2,000; cat. no. 5174). 
Following washing with TBST, the membranes were incubated 
with the HrP‑conjugated anti‑rabbit secondary antibodies 
(1:3,000, a0208; Beyotime institute of Biotechnology). 
Protein bands were visualized using enhanced chemilumines‑
cence kit (Sigma‑aldrich; Merck KGaa) and imaged using a 
gel imaging system. The optical densities of the protein bands 
were measured using image‑Pro Plus software (version 6.0; 
Media cybernetics, inc.).

Bioinformatics analysis. overall survival of cervical cancer 
patients for linc00861 was done using gene expression 
profiling interactive analysis (http://gepia2.cancer‑pku.cn). The 
cervical cancer patients were divided into high linc00861 
expression group (linc00861 expression > median; 
n=145) and low linc00861 expression group (linc00861 

Table i. oligonucleotide sequences.

Nucleic acids name Sequence (5'→3')

Microrna‑513b‑5p uucacaaGGaGGuGucauuuau
mimic aaauGacaccuccuuGuGaauu
Mimic nc uucuccGaacGuGucacGuTTac
 GuGacacGuucGGaGaaTT
Microrna‑513b‑5p auaaauGacaccuccuuGuGaa
inhibitor
inhibitor nc caGuacuuuuGuGuaGuacaa

nc, negative control.

Table ii. Primers used for reverse transcription‑quantitative 
Pcr.

Gene Primer sequence (5'→3')

long intergenic non‑ F: aTGGTTaGGcacaTGGGGTG
protein coding rna 861 r: ccaGGcTcTGGGcaacaTTa
Microrna‑513b‑5p  F: TGGTacTGaTGTGaTGGacT
 r: TcaTaTcacacaGcaccGaT
u6  F: cTcGcTTcGGcaGcaca
 r: aacGcTTcacGaaTTTGcGT
GaPdH  F: aTGGGGaaGGTGaaGGT
 r: aaGcTTcccGTTcTcaG

F, forward; r, reverse.
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expression ≤ median; n=146). Gene Set Enrichment Analysis 
(GSea) (16) was performed on The cancer Genome atlas 
(TcGa) database dataset (ceSc; https://cancergenome.nih.
gov/) of linc00861 expression by using r package clusterPro‑
filer (17). Gene sets (h.all.v7.1.symbols.gmt) were downloaded 
from the MSigdB database (https://www.gsea‑msigdb.
org/gsea/msigdb/genesets.jsp; Broad institute, inc.).

Statistical analysis. all experiments were performed 
≥3 times. Statistical data are presented as the mean ± SD 
and statistical analysis was performed using GraphPad 
Prism 7 software (GraphPad Software, inc.). a two‑tailed 
paired Student's t‑test was used to determine the statistical 
differences in the linc00861 expression levels between 
cervical cancer and matched adjacent normal tissues. The 
survival analysis was performed using a Kaplan‑Meier test 
and a log‑rank test was used to determine the statistical 
significance between the two groups. A χ2 test was performed 
to analyze the association between linc00861 expression 
levels and the clinicopathological features of the patients with 
cervical cancer. The remaining two group comparisons were 
performed using an unpaired Student's t‑test. The compari‑
sons among ≥3 groups were conducted using a one‑way 
ANOVA followed by a Tukey's multiple comparisons test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

LINC00861 expression levels are significantly downregulated 
in cervical cancer tissues and are associated with prognosis. 
To investigate the role of linc00861 in cervical cancer 
progression, rT‑qPcr analysis was performed to analyze 
linc00861 expression levels in 56 cervical cancer and 
adjacent normal tissues. linc00861 expression levels were 
significantly downregulated in the cervical cancer tissues 
compared with the adjacent normal tissues (Fig. 1a). in addi‑
tion, the expression levels of linc00861 were associated 
with lymph‑node metastasis and advanced tumor stage. no 

associations were identified between LINC00861 levels and 
age, tumor size, histology, and differentiation (Table iii). 
representative H&e staining images are shown in Fig. 1B. 
cervical cancer tissues displayed enlarged and hyperchro‑
matic nuclei, little cytoplasm, and atypical nuclei. TcGa data 
indicated that patients with low linc00861 expression levels 
had a shorter survival time compared with patients with high 
linc00861 expression levels (Fig. 1c).

Overexpression of LINC00861 attenuates cervical cancer 
cell proliferation. The expression levels of linc00861 were 
significantly downregulated in cervical cancer cells (CaSki 
and Me‑180) compared with the human cervical epithelial 
cell line, ect1/e6e7 (Fig. 2a). cervical cancer cells were 
subsequently transfected with either pcdna3.1‑nc or 
pcDNA3.1‑LINC00861 and the transfection efficiency was 
verified using RT‑qPCR (Fig. 2B). The proliferative ability of 
the cervical cancer cells was significantly attenuated following 
the overexpression of linc00861 compared with the cells 
transfected with pcdna3.1‑nc, as determined using ccK‑8 
and colony formation assays (Fig. 2c and d).

Overexpression of LINC00861 attenuates cervical cancer 
cell migration and invasion. in addition to proliferation, the 
effects of linc00861 on migration and invasion were also 
investigated. Wound healing and Transwell invasion assays 
revealed that the transfection with pcdna3.1‑linc00861 
resulted in significantly reduced cell migratory and invasive 
abilities compared with cells transfected with pcdna3.1‑nc 
(Fig. 3a and B). The expression levels of several eMT‑related 
proteins were further analyzed using western blotting. The 
results revealed that the overexpression of linc00861 led to 
the significant upregulation of E‑cadherin expression levels 
and the significant downregulation of Snail and vimentin 
expression levels in both cervical cancer cell lines compared 
with the pcdna3.1‑nc‑transfected cells (Fig. 3c).

LINC00861 competitively binds to miR‑51b‑5p and regu‑
lates PTEN expression levels. The online bioinformatics 

Figure 1. expression levels of linc00861 in cervical cancer tissues. (a) reverse transcription‑quantitative Pcr was used to determine that linc00861 
expression levels were downregulated in cervical cancer tissues compared with normal adjacent tissues. ***P<0.001. (B) representative hematoxylin and eosin 
staining images of cervical cancer tissues and their matched adjacent normal tissues. Scale bar, 25‑µm. (c) The cervical cancer patients were divided into high 
LINC00861 expression group (LINC00861 expression > median; n=145) and low LINC00861 expression group (LINC00861 expression ≤ median; n=146). 
Patients with cervical cancer with low linc00861 expression had a poorer overall survival compared with patients with higher expression. linc00861, long 
intergenic non‑protein coding rna 861.
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software, diana Tools and TargetScan, predicted that 
mir‑513b‑5p contained putative binding sites within the 
3'‑untranslated region (UTR) of LINC00861 and PTEN 
(Fig. 4a and c). The dual luciferase reporter assay identi‑
fied that the co‑transfection with the miR‑513b‑5p mimic 
could significantly decrease the relative luciferase activity of 
the linc0086‑WT and PTen‑WT groups compared with 
the co‑transfection with the mimic nc (Fig. 4B and d). 
However, mir‑513b‑5p mimic transfection had no effect on 
the luciferase activity of reporter vector containing MuT 
3'UTR of LINC0086 and PTEN. RT‑qPCR analysis demon‑
strated that the miR‑513b‑5p mimic significantly upregulated 
mir‑513b‑5p expression levels, whereas the mir‑513b‑5p 
inhibitor significantly downregulated the expression levels 
of mir‑513b‑5p in cervical cancer cells compared with their 
respective ncs (Fig. 4e). Western blotting further revealed 
that PTEN expression levels were significantly downregu‑
lated in the mir‑513b‑5p mimic group compared with the 
mimic nc group in both cell lines (Fig. 4F). conversely, 
the transfection with the miR‑513b‑5p inhibitor significantly 
upregulated the expression levels of PTen compared with 
the inhibitor nc in both cell lines. These data indicated 
that linc00861 may serve as a cerna of mir‑513b‑5p in 
cervical cancer progression.

Both LINC00861 and miR‑513b‑5p overexpression 
modulate the PTEN/AKT/mTOR signaling pathway. To 
understand the underlying mechanism of linc00861 in 
cervical cancer progression, GSea was performed on 

TcGa cervical cancer datasets. The results revealed that 
downregulation of linc00861 was associated with the 
Pi3K/aKT/mTor signaling (Fig. 5a), thereby indicating that 
the Pi3K/aKT/mTor signaling pathway may be involved in 
the inhibition effect of linc00861 on proliferation, migra‑
tion and invasion of cervical cancer cells. The overexpression 
of LINC00861 significantly upregulated PTEN expression 
levels, while downregulating p‑aKT and p‑mTor expres‑
sion levels, compared with the pcdna3.1‑nc group in both 
cell lines (Fig. 5B). cervical cancer cells were subsequently 
co‑transfected with linc00861 and mir‑513b‑5p mimic; 
as expected, the expression levels of PTen, p‑aKT and 
p‑mTor were recovered following the co‑transfection with 
pcdna3.1‑linc00861 and mir‑513b‑5p compared with 
the pcdna3.1‑linc00861 + mimic nc group in both cell 
lines (Fig. 5c). Thus, it was suggested that the mir‑513b‑5p 
mimic may block the effect of the overexpression of 
linc00861.

Both LINC00861 and miR‑513b‑5p overexpression modu‑
late the EMT phenotype. Western blotting revealed that 
the overexpression of linc00861 significantly upregu‑
lated e‑cadherin expression levels and downregulated 
Snail and vimentin expression levels compared with the 
pcdna3.1‑nc + mimic nc group in both cell lines (Fig. 6). 
conversely, the expression levels of e‑cadherin, Snail and 
vimentin were recovered following the co‑transfection with 
the pcdna3.1‑linc00861 and mir‑513b‑5p mimic in both 
cell lines.

Table iii. association between linc00861 expression levels and the clinicopathological features of patients with cervical cancer.

 linc00861 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable n High (n=28) low (n=28) P‑value

age, years    0.179
  <45 25 15 10 
  ≥45 31 13 18 
Tumor size, cm    0.284
  <4 26 11 15 
  ≥4 30 17 13 
Histology    0.313
  Squamous cell carcinoma 45 24 21 
  adenocarcinoma 11 4 7 
differentiation    0.237
  Well + moderate 40 22 18 
  Poor 16 6 10 
lymph node metastasis    0.035a

  no 41 24 17 
  Yes 15 4 11 
Tumor stage    0.016a

  ib‑iia 29 19 10 
  iib‑iiia 27 9 18 

aP<0.05. linc00861, long intergenic non‑protein coding rna 861.
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Discussion

The abnormal expression of lncrnas has been strongly 
implicated in a wide range of cancer types, such as pros‑
tate (18), colorectal (19) and cervical cancer (20). Several 
studies have reported that lncrnas could serve as either 
oncogenes or tumor suppressors (21). For example, lncrna 
nuclear paraspeckle assembly transcript 1 functions as an 

oncogene to drive aggressive endometrial cancer progres‑
sion (22). linc00589 and lncrna maternally expressed 
gene 3 are tumor suppressor (23,24). Previous evidence has 
suggested that lncrnas may serve as cernas to regulate 
mirnas, which consequently regulates the expression 
of target genes (25). For example, the expression levels of 
LINC01234 were discovered to be significantly upregulated 
in gastric cancer tissues and associated with poor clinical 

Figure 2. overexpression of linc00861 attenuates cervical cancer cell proliferation. (a) rT‑qPcr analysis of linc00861 expression levels in cervical cancer 
cells (CaSki and ME‑180) and the human cervical epithelial cell line Ect1/E6E7. (B) Transfection efficiency of pcDNA3.1‑LINC00861 in CaSki and ME‑180 
cell lines was confirmed using RT‑qPCR. (C) Cell proliferative rate of cervical cancer cells transfected with pcDNA3.1‑LINC00861 or pcDNA3.1‑NC was 
analyzed using a cell counting Kit‑8 assay. (d) Proliferative ability of cervical cancer cells following linc00861 overexpression was analyzed using a colony 
formation assay in caSki and Me‑180 cells. *P<0.05, **P<0.01. linc00861, long intergenic non‑protein coding rna 861; nc, negative control; od, optical 
density; rT‑qPcr, reverse transcription‑quantitative Pcr.
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outcomes (26). in addition, the knockdown of linc01234 
inhibited cell proliferation in vitro by serving as a cerna 
for mir‑204‑5p and subsequently regulating core‑binding 
factor subunit β expression in gastric cancer (26). another 
previous study reported that the overexpression of lncrna 
linc00673 promoted non‑small cell lung cancer (nSclc) 
proliferation, migration, invasion and eMT by sponging 
mir‑150‑5p (27). Furthermore, the lncrna proteasome 20S 
subunit α 3 antisense rna 1 promoted esophageal 
cancer progression by sponging mir‑101 to upregulate 
Histone‑lysine n‑methyltransferase eZH2 expression (28). 
in the present study, the expression levels of linc00861 

were revealed to be significantly downregulated in cervical 
cancer tissues, and were associated with an advanced‑stage, 
lymph node metastasis and poor survival in patients 
with cervical cancer. in addition, the overexpression of 
linc00861 was demonstrated to inhibit cervical cancer cell 
proliferation, migration, invasion and eMT by functioning 
as a cerna for mir‑513b‑5p and upregulating PTen 
expression levels. consistent with these results, a recent 
report illustrated that circ_la‑related protein 4 (larP4) 
inhibited cell proliferation and migration in ovarian cancer 
by sponging mir‑513b‑5p to regulate the expression of 
larP4 (29). Wang et al (30) reported that mir‑513b‑5p 

Figure 3. overexpression of linc00861 attenuates cervical cancer cell migration and invasion. (a) Wound healing assay was used to determine the migratory 
ability of cervical cancer cells transfected with pcdna3.1‑nc or pcdna3.1‑linc00861. Scale bar, 100‑µm. (B) invasive ability of cervical cancer cells 
following linc00861 overexpression was analyzed using a Transwell assay. Scale bar, 100‑µm. (c) linc00861 overexpression regulated the expression 
levels of epithelial‑mesenchymal transition‑related proteins, e‑cadherin, n‑cadherin and Snail, in cervical cancer cells. *P<0.05, **P<0.01. linc00861, long 
intergenic non‑protein coding rna 861; nc, negative control.
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promoted p53 protein expression by targeting interferon 
regulatory factor 2, thereby suppressing testicular embry‑
onal carcinoma cell proliferation and inducing apoptosis 
in vitro. it seems contradictory that mir‑513b‑5p may serve 
two completely opposite roles in testicular embryonal carci‑
noma and cervical cancer. in the present study, mir‑513b‑5p 
reversed the inhibitory effects of linc00861 on prolifera‑
tion of cervical cancer cells. However, several studies have 
revealed that the functions of miRNAs may be specific to 
individual tissues; for example, mir‑182 served an oncogenic 
role in endometrial carcinoma cells and promoted cell prolif‑
eration, migration and invasion by targeting forkhead box 
protein F2 (31). Meanwhile, lv et al (32) demonstrated that 
mir‑182 inhibited the proliferation of laryngeal squamous 
cell carcinoma cells by targeting cisplatin resistance‑related 

protein 9. These two aforementioned studies supported the 
findings of the present study, that is, that miR‑513b‑5p may 
serve as an oncogenic mirna in cervical cancer.

PTen, an important tumor suppressor gene, is one of 
the most commonly deleted or mutated tumor suppressors 
in a variety of types of human cancer, including breast (33), 
prostate (34), and cervical cancer (35). PTen inactivates 
the Pi3K/aKT/mTor signaling pathway, which is involved 
in an abundance of essential cellular processes, such as 
cell growth, differentiation, proliferation and migration; 
most of these processes have also been associated with 
cancer progression (36). For example, syntaxin binding 
protein 5‑aS1 reduced cervical cancer cell proliferation 
and invasion by regulating the mir‑96‑5p/PTen axis (37). 
Wang et al (38) reported that long intergenic non‑protein 

Figure 4. LINC00861 competitively binds to miR‑513b‑5p and regulates PTEN expression levels. (A) LINC00861 3'‑UTR sequence containing the puta‑
tive mir‑513b‑5p binding sites. (B) relative luciferase activity of cervical cancer cells was analyzed following the co‑transfection with linc00861‑WT or 
LINC00861‑MUT 3'‑UTR and the miR‑513b‑5p mimic or mimic NC. (C) Putative miR‑513b‑5p binding site in the 3'‑UTR sequence of PTEN. (D) Relative 
luciferase activity was analyzed following the co‑transfection with PTEN‑WT or PTEN‑MUT 3'‑UTR and the miR‑513‑5p mimic or mimic NC into cervical 
cancer cells. (e) expression levels of mir‑513b‑5p were analyzed using reverse transcription‑quantitative Pcr in cervical cancer cells transfected with the 
mir‑513b‑5p mimic, inhibitor or the respective ncs. (F) expression levels of PTen were analyzed using western blotting in cervical cancer cells trans‑
fected with the mir‑513b‑5p mimic, inhibitor or respective ncs. **P<0.01. linc00861, long intergenic non‑protein coding rna 861; nc, negative control; 
uTr, untranslated region; mir, microrna; WT, wild‑type; MuT, mutant.
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Figure 5. Both linc00861 and mir‑513b‑5p overexpression modulates the PTen/aKT/mTor signaling pathway. (a) Gene Set enrichment analysis 
revealed that the Pi3K/aKT/mTor signaling pathway was enriched in patients from The cancer Genome atlas dataset with high linc00861 expression 
vs. low linc00861 expression. (B) expression levels of PTen, p‑aKT/total aKT, p‑mTor/total mTor in cervical cancer cell lines transfected with 
pcdna3.1‑linc00861 or pcdna3.1‑nc cells were analyzed using western blotting. (c) Western blotting analysis of the relative protein expression levels 
of PTen, p‑aKT, aKT, p‑mTor and mTor in cervical cancer cells following the co‑transfection with pcdna3.1‑linc00861 and the mir‑513b‑5p mimic. 
**P<0.01. linc00861, long intergenic non‑protein coding rna 861; nc, negative control; mir, microrna; p‑, phosphorylated.
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coding rna, p53 induced transcript alleviated the progres‑
sion of nSclc by sponging mir‑543 and subsequently 
inducing PTen expression. Shi et al (39) have suggested that 
the knockdown of mir‑17‑5p may suppresses the malignant 
behavior of thyroid cancer by upregulating PTen expres‑
sion levels and by inactivating the aKT/mTor signaling 
pathway. The findings of the present study supported the 
results of previous studies.

Tumor metastasis is the cause of cancer mortality in 
>90% of cases (40). The eMT process can be hijacked by 
epithelial cancer cells to promote abnormal migration and 
invasion (41). eMT is characterized by epithelial cell markers 
such as e‑cadherin are down‑regulated, which leads to loss 
of cell‑cell adhesion, while mesenchymal markers such as 
vimentin, Snail and n‑cadherin are up‑regulated, thereby 

allowing the cells to migrate to different organs (42). currently, 
numerous lncrnas, including lncrnas pro‑transition asso‑
ciated rna and GaTa binding protein 6‑aS1, have been 
reported to be involved in the eMT process in ovarian and 
gastric cancer, respectively (43,44). in the current study, the 
lncrna linc00861 was indicated to inhibit the migration 
and invasion of cervical cancer cells by inhibiting the eMT 
process of cervical cancer cells.

in conclusion, the results of the present study indicated 
that linc00861 overexpression may inhibit the prolif‑
eration, migration and invasion of cervical cancer cells by 
sponging mir‑513b‑5p, which subsequently regulated the 
PTen/aKT/mTor signaling pathway. Therefore, the results 
suggested that linc00861 may serve as a tumor suppressor in 
the development and progression of cervical cancer.

Figure 6. Both linc00861 and mir‑513b‑5p overexpression modulates the epithelial‑mesenchymal transition phenotype. Western blotting analysis of the 
relative protein expression levels of e‑cadherin, Snail and vimentin in cervical cancer cells following the co‑transfection with pcdna3.1‑linc00861 and the 
mir‑513b‑5p mimic. **P<0.01. linc00861, long intergenic non‑protein coding rna 861; nc, negative control; mir, microrna.
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