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Background: Cervical cancer is one of the most common gynecologic tumors. Evidence is 
accumulating that long non-coding RNAs participate in the pathogenesis of cancers, but the 
expression and role of lncRNA LINC00313 in cervical carcinoma is not reported.
Methods: We measured the expression levels of LINC00313 in clinical samples of cervical 
carcinoma and investigated the function of LINC00313 in the regulation of proliferation, 
metastasis, and EMT. Luciferase reporter assay was employed to explore the molecular 
regulation process of LINC00313.
Results: Our data showed that the levels of LINC00313 in cervical carcinoma tissues and 
cells were significantly up-regulated. Functionally, LINC00313 accelerated the progression, 
migration, and EMT of SiHa and Hela cells. Luciferase reporter assay confirmed that miR- 
4677-3p/CDK6 regulatory axis is the direct downstream of LINC00313. Functional gain- and 
loss-of-function strategies further showed that LINC00313 induced the up-regulation of 
CDK6 expression through competitive binding with miR-4677-3p, leading to promote the 
progression of cervical carcinoma.
Conclusion: Our results demonstrated that LINC00313 accelerated the progression of 
cervical cancer through the miR-4677-3p/CDK6 regulatory axis. LncRNA LINC00313 
may serve as a potential target for the diagnosis and treatment of cervical carcinoma.
Keywords: cervical carcinoma, LINC00313, miR-4677-3p, CDK6

Introduction
Cervical carcinoma is the second most common in gynecologic tumors and the 
leading cause of death among women in developing countries.1 Due to the difficulty 
of achieving the early screening of cervical cancer in time, the higher prevalence 
rate occurs in developing countries, especially in low-income countries.2 Although 
early screening reduces the mortality of cervical carcinoma, invasion, metastasis, 
and recurrence were the leading cause of death.3 Consequently, it is urgent to find 
novel therapeutic targets and prognostic biomarkers to improve the survival rate of 
cervical carcinoma patients.

Long non-coding RNA (lncRNA) is a kind of non-coding RNA whose length is 
larger than 200 nt.4 Increasing articles have reported that lncRNAs regulate the 
expression of downstream genes, and then participate in the occurrence and develop-
ment of tumors.5–7 For example, the up-regulation of lncRNA MALAT1 in cervical 
carcinoma tissues significantly affects the tumor size, TNM stage, and lymph node 
metastasis.8,9 Also, the negative regulation of GAS5 in cervical carcinoma was also 
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significantly correlated with the progression.10,11 In recent 
studies, the expression of LINC00313 was found to decrease 
the expression of ALX4 in thyroid carcinoma.12 However, 
the role of LINC00313 in the pathogenesis of cervical carci-
noma is not explored.

In this study, we firstly reported that LINC00313 was 
overexpressed in cervical carcinoma tissues and cells. 
Subsequent functional studies showed that the knock-
down of LINC00313 significantly inhibited the progres-
sion, migration, and EMT of cervical cancer in vitro. 
Furthermore, we predicted and confirmed that miR- 
4677-3p/CDK6 regulatory axis was the direct down-
stream of LINC00313. The silencing effect of 
LINC00313 on the cervical cancer progression was sig-
nificantly blocked by the knockdown of miR-4677-3p, 
which could be further reversed by the downregulation 
of CDK6. Collectively, our results demonstrated that 
LINC00313 accelerates the progression of cervical can-
cer by inhibiting the miR-4677-3p/CDK6 axis. LncRNA 
LINC00313 may serve as a potential target for the diag-
nosis and treatment of cervical carcinoma.

Methods
Clinical Specimens
Fresh cervical cancer tissues were acquired from 50 patients 
at Nanjing Maternity and Child Health Care Hospital from 
June 2017 to December 2019. Moreover, the healthy cervical 
tissues at the edge of the cervical tumor were obtained as the 
paracancerous tissue (control). Subsequently, the specimens 
were quickly snap-frozen in liquid nitrogen and transferred to 
−80°C for preservation. All the patients signed informed 
consent, and the hospital ethical committee approved this 
study (Permit number:2019-KY-007).

To determine whether a patient had a low or high 
expression of LINC00313, miR-4677-3p and CDK6. We 
analyzed the slices of the tumor samples by 
Immunohistochemistry or in situ hybridization (ISH). 
ISH probes (all purchased from GenePharma Inc., 
Shanghai, China) were employed for the expression detec-
tion of Lnc-RNA LINC00313 and miR-4677-3p. And, 
antibodies (ab151247, Abcam) were used for the expres-
sion detection of CDK6. The sample was identified as 
positive if more than 50% of total cells were positive.

Cell Treatment
H8 (human cervical epithelium cell lines) and four types 
of cervical cancer cell lines, including CaSki, SiHa, Hela, 

and C33A cells, were employed. All the cell lines were 
obtained from ATCC and cultured according to their 
recommendations. miRNA mimics/inhibitors and their 
corresponding control were commercially obtained from 
GenePharm Co. Ltd. (Shanghai, China). For gene over-
expression, the full-length gene of LINC00313 was cloned 
into the pcDNA3.1 (+) vector (Sigma, MO, USA). In the 
experiment of gene knockdown, short hairpin RNAs 
(shRNAs) targeting the LINC00313 and CDK6 were com-
mercially synthesized and cloned into pLKO.1 vector 
(Sigma, MO, USA). When the cell density reached 
70–80%, plasmids, and miRNA mimics or inhibitors 
were transfected by Lipofectamine 3000 (ThermoFisher, 
Shanghai, China). Under the specified plural number of 
infection and treatment time, these vectors and miRNA 
mimics or inhibitors have no side effects, including affect-
ing the adherence, shape, or activity of cervical cells 
mentioned above.

Animal Experiments
All animal experiments were conducted following national 
and international guidelines and approved by the Animal 
Care and Utilization institutions Review Committee of 
Nanjing Maternity and Child Health Care Hospital. 
6-week-old male Balb/c nude mice were placed in the 
absence of specific pathogen (SPF) and randomly divided 
into sh-NC + NC inhibitor group, sh-LINC00313 + NC 
inhibitor group, sh-LINC00313 + miR-4677-3p inhibitor 
group, and sh-LINC00313 + miR-4677-3p inhibitor + sh- 
CDK6 group (n=3 in each group). For tumorigenicity 
in vivo, 6×106 transfected Hela cells were subcutaneously 
injected into the right side of mice. The tumor volume was 
measured every week and calculated according to the 
formula: 0.5 × length × width2. All mice were euthana-
tized 35 days later, and the tumors were surgically 
removed, measured, and stored in liquid nitrogen for 
further experiments.

Quantitative Real-Time PCR
Cells were treated according to the experimental group. 
When the density reached 90%, the RNA extraction was 
performed by TRIzol reagent (Beyotime, Nantong, 
China). According to the instructions, the extracted total 
RNA was reverse transcribed to cDNA by PrimeScript 
1st Strand cDNA synthesis kit (Takara, Otsu, Japan). 
After the implementation of real-time reverse- 
transcription polymerase chain reaction, the CT value of 
the target gene expression was obtained compared with 
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the control group. U6 was used as the internal control 
gene. The relative quantitative analysis was carried out 
by the 2–ΔΔCT method. The probes were synthesized as 
followed: U6-F: 5ʹ-CCG CCC GCC GCC AGG CCCC- 
3ʹ; U6-R: 5ʹ-ATA TGG AAC GCT TCA CGA ATT-3ʹ; 
LINC00313-F: 5ʹ- GGA AGC ACT TAG ACC CTG CC- 
3ʹ; LINC00313-R: 5ʹ- GCC GCT GTT GGT TTC ATC 
TC-3ʹ; miR-4677-3p-F: 5ʹ-CTG TGA GAC CAA AGA 
ACT ACT CGC-3ʹ; miR-4677-3p-R: 5ʹ-CTC TAC AGC 
TAT ATT GCC AGC CAC −3ʹ; CDK6-F: 5ʹ-TGG AGA 
CCT TCG AGC ACC-3ʹ; CDK6-F: 5ʹ-CAC TCC AGG 
CTC TGG AAC-3ʹ.

Western Blot Assay
The total protein was extracted and quantified by BCA 
assay (Beyotime, Nantong, China). Then, the lysate was 
analyzed by 12% SDS-PAGE, followed by transferring 
onto polyvinylidene difluoride (PVDF) membrane 
(Millipore, Bedford, MA, USA). After being blocked 
with 5% (w/v) non-fat dry milk, the membranes were 
incubated with antibodies, including anti-β-actin 
(1:2000), anti-E-cadherin (1:1000), anti-Vimentin 
(1:1000), and anti-α-SMA (1:1000) overnight at 4°C, 
respectively. All the antibodies were purchased from 
Abcam (Cambridge, UK). Then, the appropriate HRP- 
conjugated secondary antibodies (1:5000, Proteintech, 
Wuhan, China) were applied for 1 hour at RT. The protein 
bands were detected by ECL luminescence kit (Pierce, 
Rockford, IL, USA). Quantitative analysis was carried 
out on ImageJ 1.8.

Immunofluorescence Analysis
The cells were inoculated into a petri dish with pre-treated 
glass slides. When the density reached 80%, slides of cells 
were fixed with 4% paraformaldehyde and permeated with 
0.5% Triton. Subsequently, the cells were washed with 
PBS and blocked with 3% (w/v) BSA at 4°C overnight. 
Then, the cell slides were incubated with primary antibo-
dies against α-SMA (1:500 dilution) at 4°C overnight. 
Antibodies were purchased from Abcam (Shanghai, 
China). After incubating with FITC-conjugated secondary 
antibodies (1:200 dilution, Proteintech, Wuhan, China) at 
RT for 1 hour, the slides were observed with 
a fluorescence microscope (IX73, Olympus, Japan).

Cell Viability Assay
Cells were cultured in corresponding complete medium in 
96-well plates. When the density reached 70%, cells were 

transfected as mention above. After 48 hours of transfec-
tion, 10 μL CCK-8 solution (Beyotime, Nantong, China) 
was added to each well. After incubating for 60 minutes, 
the absorbance was detected by a microplate reader at 
450nm wavelength (Thermo Fisher, Massachusetts, USA).

Colony Formation Assay
The transfected SiHa and Hela cells were seeded into 
a 6-well plate (1×103 cells/well) at 37°C and cultured 
with 5% CO2. After two weeks, the cells were washed 
with phosphate buffer, fixed overnight with paraformalde-
hyde, and was stained with 0.4% crystal violet (Solarbio 
Science and Technology Ltd., Beijing, China) for 30 min-
utes. The colony counts were carried out under the 
inverted microscope.

Wound Healing Migration Assay
The transfected SiHa and Hela cells (3×106 cells/well) 
were seeded in a 6-well plate and grown to nearly 90% 
confluence. Subsequently, a linear scratch was made with 
a 200 μL pipette tip. After being washed with PBS three 
times, the cells were incubated with serum-free DMEM 
medium. All images were photographed at 0 and 24 h at 
100×magnification and the size of the wound gap was 
measured. Each experiment was performed at least three 
times independently.

Transwell Chamber Assay
For the transwell migration and invasion assay, a 24-well 
transwell chamber that the insert membranes were coated 
with or without diluted Matrigel was used. The transfected 
SiHa and Hela cells (1×105 cells) were added to the upper 
chamber and cultured for 24 hours. Subsequently, the 
insert membranes were cut and stained with crystal violet 
(Solarbio Science and Technology Ltd., Beijing, China). 
The images were taken by an inverted microscope, and the 
number of invading cells was counted in three wells per 
group.

RNA Immunoprecipitation Assay
SiHa and Hela Cells (1×107) were added to 1mL IP buffer 
(50mM pH 7.4 Tris-HCl, 100mM NaCl, 0.5% NP-40, 
0.5% sodium deoxycholate, 4% Protease Inhibitor 
Cocktail, 40 U/mL RNase inhibitor, and 20 μM MG132) 
resuspension cells and lysate on ice for 20 minutes. Then, 
the supernatant was ×10000g centrifuged at 4°C for 10 
minutes, and the same amount of 2× SDS sample buffer 
was added as the input protein sample, or 1mL TRIzol was 
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added as the input RNA sample. Each sample was incu-
bated with 20μL protein A/G magnetic beads at 4°C for 
1 hour. The beads were washed with IP buffer and then 
were added to the SDS sample buffer as the IP protein 
sample or were added to TRIzol as the IP RNA sample. 
The enrichment efficiency and the LINC00313 and miR- 
4677-3p level of binding RNA were detected by qPCR.

Luciferase Reporter Gene Assay
The wild-type (WT) LINC00313 transcript containing 
miR-4677-3p binding site and mutant (Mut) LINC00313 
transcript with the mutated miR-4677-3p binding site were 
cloned into the psiCHECK-2 vector to construct 
psiCHECK-2-LINC00313-WT and psiCHECK- 
2-LINC00313-Mut reporter plasmid. Moreover, the 3ʹ- 
UTRs (wild type) and the corresponding mutant 3ʹ-UTRs 
of CDK6 were amplified by PCR. Obtained target frag-
ments were cloned into the psiCHECK-2 reporter vector to 
construct psiCHECK-2-CDK6-WT and psiCHECK- 
2-CDK6-Mut reporter plasmid. SiHa cells were inoculated 
into 24-well plates at the concentration of 1 × 105 cells/ 
cm2. When the cell density reached 70–80%, reporter gene 
plasmids, LINC00313 overexpression plasmids, and miR- 
4677-3p mimics or mimic control were co-transfected into 
SiHa cells by Lipofectamine 3000 (ThermoFisher, 
Shanghai, China). The cells were collected 48 hours after 
transfection, and luciferase activity was detected.

Statistical Analysis
Data were presented with mean ± SD. Pearson’s 
Correlation Analysis analyzed the correlation between 
the two groups. Student’s t-tests and one-way ANOVA 
with a Tukey post hoc test were used for statistical analy-
sis by statistical software SPSS17.0. P < 0.05 was con-
sidered to be statistically significant.

Results
LINC00313 is Overexpressed in Cervical 
Carcinoma Tissues and Cells
In order to analyze the physiological expression, the 
levels of LINC00313 in 50 matched cervical carcinoma 
tissues and corresponding paracancerous tissues were 
detected by qRT-PCR. Then, the level of LINC00313 in 
tumor tissues was higher than that in paracancerous tis-
sues (Figure 1A). Besides, in these 50 cases, the expres-
sion levels of LINC00313 in advanced cases (stage III 
and IV) was higher than that in early-stage cases (stage 

I and II) (P < 0.01; Figure 1B). Further data revealed that 
overall survival rates of cervical cancer patients with high 
LINC00313 levels were decreased, compared to the low 
LINC00313 levels group (Figure 1C). To further deter-
mine whether there had a correlation between 
LINC00313 Expression and patients, the pathology para-
meters were collected (Table 1). We found that 
LINC00313 expression was not significantly correlated 
with patient age, and tissue histological subtype (p>0.05), 
but it showed close correlation with FIGO stage, or 
tumour grading (p<0.01). At the cellular levels, compared 
with H8 cells (Human cervical epithelial cell line), the 
levels of LINC00313 in CaSki, SiHa, Hela, and C33A 
cells were significantly up-regulated (P < 0.01; Figure 
1D), indicating that up-regulation of LINC00313 is posi-
tively correlated with the cervical carcinoma progression. 
Our data suggest that the high expression of LINC00313 
has adverse effects on the prognosis of cervical 
carcinoma.

Knockdown of LINC00313 Inhibits the 
Progression of Cervical Carcinoma Cells
Next, we addressed the regulatory effects of LINC00313 
on the aggressive phenotype of cervical carcinoma. To 
this end, we knocked down the expression of 
LINC00313 in SiHa and Hela cells. The transfection 
efficiency was confirmed by qRT-PCR (Figure 2A). 
Functionally, CCK8 assay and colony formation assay 
revealed that the proliferation of SiHa and Hela cells 
was inhibited after the knockdown of LINC00313 
(Figure 2B and C). As revealed in Figure 2D, the 
wound closure percentages were decreased after 
the knockdown of LINC00313, compared with that of 
the control group (P < 0.01). Moreover, results showed 
that the knockdown of LINC00313 weakened the migra-
tion of SiHa and Hela cells (Figure 2E). The fluores-
cence intensity of α-SMA was decreased after the 
knockdown of LINC00313 (Figure 2F). Furthermore, 
we evaluated the expression levels of EMT hallmarks 
by Western Blot, including E-cadherin, Vimentin, and α- 
SMA. After the knockdown of LINC00313, the protein 
expression of E-cadherin was increased, while the pro-
tein expression of Vimentin and α-SMA were decreased 
(Figure 2G). These results indicated that abnormal over- 
expression of LINC00313 promotes the progression of 
cervical carcinoma cells.
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LINC00313 Serves as a Sponge of 
miR-4677-3p
To further explore the mechanism of LINC00313 
involved in cervical carcinoma, RNA was isolated 
from the nucleus and cytoplasm to detect the expres-
sion of LINC00313 in the nucleus/cytoplasm. It was 
found that LINC00313 was more localized in the cyto-
plasm in both SiHa and Hela cells (Figure 3A). 
Moreover, we predicted that miR-4677-3p was the tar-
get of LINC00313 using the biological target predic-
tion online tool TargetScan (http://www.targetscan.org/ 
vert_72/), miRcode (http://www.mircode.org/), and 
Lncrnadb (http://lncrnadb.org/) (Figure 3B). The trans-
fection efficiency of miR-4677-3p mimics was mea-
sured (Figure 3C). Then, Luciferase reporter assay 

showed that miR-4677-3p decreased the luciferase 
activity of LINC00313, while this inhibition was 
blocked by mutation of the potential binding domains 
(Figure 3D). Furthermore, the RIP assay showed that 
LINC00313 and miR-4677-3p were enriched preferen-
tially in miRNPs containing AGO2 compared with 
anti-IgG immunoprecipitates (Figure 3E). We further 
analyzed the expression level of miR-4677-3p in 
tumor tissues and healthy tissues. As a result, the 
level of miR-4677-3p in tumor tissues was lower than 
that in paracancerous tissues (Figure 3F). Consistent 
with this, the expression levels of miR-4677-3p in 
CaSki, SiHa, Hela, and C33A cells were lower than 
those in H8 cells (Figure 3G). Furthermore, the expres-
sion levels of miR-4677-3p were significantly up- 

Figure 1 The expression of LINC00313 in cervical cancer tissues and cells. (A) Expression of LINC00313 in cancer tissue and paracancerous tissue. **P < 0.01 vs Non- 
tumor group; (B) expression of LINC00313 in different TNM stages. **P < 0.01 vs I+II TNM stages group; (C) overall survival rates of cervical cancer patients; (D) 
expression of LINC00313 in different cervical cell lines, including H8, CaSki, SiHa, Hela, and C33A. **P < 0.01 vs H8 cells group. Data were represented as the mean value ± 
SD of three independent experiments.

OncoTargets and Therapy 2021:14                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2217

Dovepress                                                                                                                                                             Zhai et al

http://www.targetscan.org/vert_72/
http://www.targetscan.org/vert_72/
http://www.mircode.org/
http://lncrnadb.org/
http://www.dovepress.com
http://www.dovepress.com


regulated in response to the transfection of sh- 
LINC00313 (Figure 3H). As shown in Table 1, we 
found that miR-4677-3p expression was not signifi-
cantly correlated with patient age, and tissue histologi-
cal subtype (p>0.05), but it showed close correlation 
with FIGO stage, or tumour grading (p<0.01). 
Meanwhile, Pearson’s Correlation Analysis showed 
that the correlation between LINC00313 and miR- 
4677-3p was negatively significant (P = 0.0498, 
Figure 3I). Overall, these results suggest that 
LINC00313 serves as a sponge of miR-4677-3p in 
cervical cancer cells.

Overexpression of miR-4677-3p Inhibits 
the Progression, Migration, and EMT of 
Cervical Carcinoma Cells
Next, we further explored the mechanism of miR-4677-3p 
involved in cervical cancer. Functionally, CCK8 and col-
ony formation assays suggested that the up-regulation of 
miR-4677-3p inhibited the progression of SiHa and Hela 
cells (Figure 4A and B). Furthermore, the wound closure 
percentages were decreased in these cells with 

overexpression of miR-4677-3p, compared with that of 
the control group (Figure 4C). Moreover, the results 
showed that the up-regulation of miR-4677-3p weakened 
the migration of SiHa and Hela cells (Figure 4D). The 
fluorescence intensity of α-SMA was expectedly decreased 
in these cells with miR-4677-3p mimics transfection 
(Figure 4E). Furthermore, we evaluated the expression 
levels of EMT hallmarks by Western Blot. After the trans-
fection of miR-4677-3p mimics, the protein expression of 
E-cadherin was increased, while the protein expression of 
Vimentin and α-SMA were decreased in SiHa and Hela 
cells (Figure 4F). These results indicated that abnormal 
fluctuation of the LINC00313/miR-4677-3p regulatory 
axis leads to the accelerated progression of cervical carci-
noma cells.

CDK6 is the Target of miR-4677-3p
Because lncRNAs and miRNAs are generally not direct 
effector molecules of biological process, the down-
stream protein of the LINC00313/miR-4677-3p axis 
was further explored. Then, we predicted that CDK6 
was the target of miR-4677-3p using the online tool 
TargetScan ((http://www.targetscan.org/vert_72/) and 

Table 1 Clinical and Pathological Parameters for Age, FIGO-Classification, Grading and Histological Subtype

LINC00313 miR-4677-3p CDK6

Clinical 

Parameters

Low 

Expression 

(n=17)

High 

Expression 

(n=33)

P Low 

Expression 

(n=31)

Low 

Expression 

(n=19)

P Low 

Expression 

(n=22)

Low 

Expression 

(n=28)

P

Age >0.05 >0.05 >0.05

>48 10 17 8 15 9 18

≤48 7 16 23 4 13 10

FIGO <0.01 <0.01 <0.01

I~II 14 12 10 12 17 11

III~IV 3 21 21 7 5 17

Grading <0.01 <0.01 <0.01

G1,2 15 10 12 12 19 9

G3 2 23 19 7 3 19

Histological 

subtype

>0.05 >0.05 >0.05

Squamous 

carcinoma

11 24 19 15 15 22

Adenocarcinoma

6 9 12 4 7 6
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miRcode (http://www.mircode.org/) (Figure 5A). Given 
that CDK6 is a critical cell cycle regulator for the 
excessive proliferation of cancer cells,13 we further con-
firmed this prediction. The luciferase reporter assay 
revealed that miR-4677-3p decreased the luciferase 
activity of CDK6, while this inhibition was blocked by 
mutation of the potential binding domains (Figure 5B). 
Moreover, the mRNA levels and protein expression of 
CDK6 were significantly down-regulated after the trans-
fection of miR-4677-3p mimics (Figure 5C and D). 
Besides, we analyzed the CDK6 expression in tumor 
tissues and healthy tissues. The results revealed that 
the level of CDK6 in tumor tissues was higher than 
that in paracancerous tissues (P < 0.01, Figure 5E). 
Consistent with this trend, the expression of CDK6 in 
CaSki, SiHa, Hela, and C33A cells was lower than those 
in H8 cells (Figure 5F). The above data suggest that 
miR-4677-3p acts as a sponge of CDK6 in cervical 
carcinoma. TAs shown in Table 1, we found that 
CDK6 expression was not significantly correlated with 
patient age, and tissue histological subtype (p>0.05), but 

it showed close correlation with FIGO stage, or tumour 
grading (p<0.01). Meanwhile, Pearson’s Correlation 
Analysis showed that the correlation between CDK6 
and miR-4677-3p was negatively significant (P = 
0.0004, Figure 5G). Of note, the correlation between 
LINC00313 and CDK6 was also positively significant 
(P = 0.0022, Figure 5H). Overall, these results demon-
strated that LINC00313 up-regulated the expression of 
CDK6 through the down-regulation of miR-4677-3p.

LINC00313 Accelerates the Progression 
of Cervical Carcinoma Through 
miR-4677-3p/CDK6 Regulatory Axis
To further confirm the regulatory effects of the LINC00313/ 
miR-4677-3p/CDK6 axis, we constructed LINC00313- 
silenced cervical cancer cells. CCK8 assay revealed that 
the LINC00313 knockdown inhibited the proliferation of 
SiHa and Hela cells (P < 0.01; Figure 6A), whereas miR- 
4677-3p inhibitors significantly neutralized LINC00313 
silencing-inhibited cell proliferation (P < 0.01). Moreover, 
the cell viability of sh-LINC00313/miR-4677-3p inhibitors/ 

Figure 2 The function of LINC00313 in cervical cancer cells. (A) Transfection efficiency of sh-LINC00313 in SiHa and Hela cells; (B) CCK8 assay and (C) colony formation 
assay were conducted for cell proliferation after transfection of sh-LINC00313; (D) migration was detected by Wound healing migration assay; (E) transwell migration and 
invasion analysis by the transwell membrane with or without Matrigel glue; (F) immunofluorescence analysis of α-SMA expression; (G) after transfection of sh-LINC00313, 
EMT was measured by Western Blot, including E-cadherin, Vimentin, and α-SMA. Data were represented as the mean value ± SD of three independent experiments. *P < 
0.05, **P < 0.01 vs sh-NC group.
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sh-CDK6 group was higher than that of the sh-LINC00313 
/miR-4677-3p inhibitors group (P < 0.01). The trend of 
subsequent colony formation assay was consistent with 
these results (Figure 6B). Furthermore, we measured the 
regulatory effects of the miR-4677-3p/CDK6 axis on the 
migration of LINC00313-silenced cervical carcinoma cells. 
As demonstrated in Figure 6C and D, miR-4677-3p inhibi-
tion promoted the metastasis potential of LINC00313- 
silenced SiHa and Hela cells (P < 0.01), whereas CDK6 
knockdown significantly reversed this trend (P < 0.01). At 
the molecular level, miR-4677-3p inhibition reversed the 
change of α-SMA fluorescence intensity caused by 
LINC00313 silencing, while CDK6 knockdown partially 
blocked the miR-4677-3p inhibition (Figure 6E). As 
expected, the trend of following EMT hallmarks expression 
was consistent with these results (Figure 6F). The above data 
suggested that the miR-4677-3p/CDK6 axis is downstream 
of LINC00313, indicating that the regulatory axis of 
LINC00313/miR-4677-3p/CDK6 materially existed in cer-
vical cancer cells.

LINC00313 Promotes Cervical Cell 
Growth in vivo
To further study the effects of LINC00313 on the tumor-
igenicity of cervical mice models, the transfected-Hela 
cells were subcutaneously injected into the right side of 
Balb/c nude mice. After five weeks, the tumor volume 
was observed. As revealed in Figure 7A and B, the 
tumors of the sh-LINC00313 + NC inhibitor group 
were smaller than that of the control group (P < 0.01), 
whereas the sh-LINC00313 + miR-4677-3p inhibitor 
group were observed the opposite trend (P < 0.05). As 
shown in H&E staining of tumor tissues, the density of 
tumor cells of the sh-LINC00313+NC inhibitor group 
was lower, compared to the control group (Figure 7C). 
Moreover, the density of tumor cells of the sh- 
LINC00313 + miR-4677-3p inhibitor group was higher, 
compared to the sh-LINC00313 + NC inhibitor group. 
These results suggested that LINC00313 promotes cer-
vical cell proliferation in vivo.

Figure 3 Prediction and confirm the target of LINC00313. (A) Expression of LINC00313 in the nucleus/cytoplasm. *P < 0.05, **P < 0.01 vs cytoplasmic group. (B) Binding 
sites and mutations between miR-4677-3p and LINC00313; (C) transfection efficiency of miRNA mimics in SiHa and Hela cells. **P < 0.01 vs NC mimic group; (D) dual- 
luciferase reporter assay for the interaction between miR-4677-3p and LINC00313. **P < 0.01 vs NC mimic group; (E) anti- Ago2 RIP assays were used in SiHa and Hela 
cells to determine LINC00313 and miR-4677-3p RNA enrichment in the immunoprecipitated complex. Anti-IgG was used as the control. (F) Expression of miR-4677-3p in 
cancer tissue and paracancerous tissue. **P < 0.01 vs non-tumor group; (G) expression of miR-4677-3p in different cervical cell lines, including H8, CaSki, SiHa, Hela, and 
C33A. **P < 0.01 vs H8 cells group; (H) expression of miR-4677-3p in SiHa and Hela cells after transfection of sh-LINC00313. **P < 0.01 vs sh-NC group; (I) regression 
analysis between miR-4677-3p and LINC00313. Data were represented as the mean value ± SD of three independent experiments.
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Discussion
To date, considerable progress has been made in the pre-
vention, diagnosis, and treatment of cervical cancer. 
However, due to the metastasis and recurrence of cervical 

cancer, the effects of traditional surgery, radiotherapy, and 
chemotherapy are still limited in the treatment of patients 
with advanced metastatic cervical cancer.14 If patients with 
cervical cancer can get early diagnosis and early treatment, 

Figure 4 The function of miR-4677-3p in cervical cancer cells. (A) CCK8 assay and (B) colony formation assay were conducted for the cell proliferation in SiHa and Hela 
cells after transfection of miR-4677-3p mimics; (C) migration was detected by wound healing migration assay after transfection of miR-4677-3p mimics; (D) transwell 
migration and invasion analysis by the transwell membrane with or without Matrigel glue; (E) immunofluorescence analysis of α-SMA expression; (F) after transfection of 
miR-4677-3p mimics, EMT was measured by Western Blot, including E-cadherin, Vimentin, and α-SMA. Data were represented as the mean value ± SD of three independent 
experiments. *P < 0.05, **P < 0.01 vs NC-mimic group.
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the 5-year survival rate can be as high as 90%.15,16 

However, the early symptoms of cervical cancer are not 
obvious. 70% of the patients with cervical cancer are in 
the middle and late stage of the disease, about 31% of the 
cervical cancer will relapse after treatment, and the vast 
majority of recurrence occurs within 2 years after the 
diagnosis of the disease.17 At the same time, the treatment 
and prognosis of recurrent cervical cancer is very poor, 
and the 1-year survival rate is only 8% 12%.18 Therefore, 
it is urgent to find effective therapeutic targets and prog-
nostic biomarkers for the diagnosis and treatment of cer-
vical cancer.

Researches on lncRNA has received more and more 
attention and has become the hotspot of tumor 
research.19,20 The imbalance of lncRNA expression has 
been widely reported in cervical carcinoma, and lncRNA 
plays a crucial role in tumorigenesis, invasion, metastasis, 
and recurrence.21 For instance, the expression of circulating 
lncRNA-HOTAIR is positively regulated in cervical carci-
noma and is increased significantly with the development of 
tumor stage, lymph node metastasis, and deep myometrial 
invasion.22,23 Because the up-regulation of lncRNA- 
HOTAIR is related to tumor recurrence and survival rate 

reduction, and it has been recognized as a prognostic mar-
ker of cervical cancer.24 The up-regulation of another 
lncRNA, lncRNA-H19, also has been found in cervical 
cancer patients.25 In this study, our findings revealed that 
LINC00313 was up-regulated in cervical carcinoma tissues 
and cells. Functionally, knockdown of LINC00313 arrested 
the progression, migration, and EMT of cervical carcinoma 
in vitro. These findings indicated that the abnormal expres-
sion of LINC00313 is related to the progression of cervical 
cancer.

MiRNAs are a class of non-coding single-stranded 
RNAs molecules encoded by endogenous genes with 
a length of about 22 nucleotides. MiRNAs can reduce 
protein expression by blocking the translation of mRNAs 
and promoting the degradation of mRNAs. Current studies 
have shown that miRNAs can directly regulate more than 
60% of the protein-coding genes.26 As a negative regulator 
of gene regulation, miRNAs are involved in the develop-
ment and treatment of various cancers.27 In this study, the 
luciferase report assays showed that LINC00313 sponged 
the miR-4677-3p. Further results showed that the expres-
sion of miR-4677-3p was up-regulated in sh-LINC00313 
transfected cells. Compared with healthy tissues cells, the 
expression of miR-4677-3p was down-regulated in 

Figure 5 Prediction and confirm the target of miR-4677-3p. (A) Binding sites and mutations between miR-4677-3p and CDK6; (B) dual-luciferase reporter assay for the 
interaction between miR-4677-3p and CDK6. **P < 0.01 vs NC mimic group; (C) mRNA expression and (D) protein expression of CDK6 in SiHa and Hela cells after 
transfection of miR-4677-3p mimics. **P < 0.01 vs NC mimic group; (E) expression of CDK6 in cancer tissue and paracancerous tissue. **P < 0.01 vs Non-tumor group; (F) 
expression of CDK6 in different cervical cell lines, including H8, CaSki, SiHa, Hela, and C33A. **P < 0.01 vs H8 cells group; (G) regression analysis between miR-4677-3p and 
CDK6, (H) regression analysis between LINC00313 and CDK6 were conducted by Pearson’s Correlation Analysis. Data were represented as the mean value ± SD of three 
independent experiments.
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Figure 6 Relationship between LINC00313 and miR-4677-3p/CDK6 axis in cervical cancer. (A) CCK8 assay and (B) colony formation assay were conducted for cell 
proliferation of cervical cancer cells; (C) migration was detected by wound healing migration assay; (D) transwell migration and invasion analysis by the transwell membrane 
with or without Matrigel glue; (E) immunofluorescence analysis of α-SMA expression; (F) EMT was measured by Western Blot, including E-cadherin, Vimentin, and α-SMA. 
Data were represented as the mean value ± SD of of three independent experiments. **P < 0.01 vs sh-NC + NC inhibitor group. ##P < 0.01 vs sh-LINC00313+NC inhibitor 
group. +P < 0.05, ++P < 0.01 vs sh-LINC00313 + miR-4677-3p inhibitor group.

OncoTargets and Therapy 2021:14                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2223

Dovepress                                                                                                                                                             Zhai et al

http://www.dovepress.com
http://www.dovepress.com


cervical cancer tissues and cells. In a recent study, Zhong 
et al,28 found that lncRNA TTN-AS1 promoted the migra-
tion of lung adenocarcinoma by inhibiting the expression 
of miR-4677-3p. Consistent with this finding, our findings 
also suggested that LINC00313 inhibits the miR-4677-3p 
expression and promotes cervical carcinoma progression.

Cyclin-dependent kinase 6 (CDK6) is a critical cell 
cycle regulator for the excessive proliferation of tumor 
cells, which forms a complex with cyclin D1 necessary 
for G1/S phase transformation.13 Given the excellent out-
comes in preclinical and clinical,29–31 CDK6 inhibitors 
have become a promising therapeutic strategy for cancer 
patients with CDK6 overexpression. Overexpression of 
CDK6 in cervical cancer patients was also observed,30,32 

which is consistent with our results. In this study, we 
found that there was a significant correlation between the 
expression of LINC00313, miR-4677-3p, and CDK6, 
respectively. Moreover, the luciferase report assays 
showed that miR-4677-3p inhibited the activity of CDK6 
3ʹUTR. The mRNA and protein levels of CDK6 were 
down-regulated correspondingly to miR-4677-3p overex-
pression. Further rescue assay showed that miR-4677-3p 
inhibitors blocked the inhibitory effect of sh-LINC00313 
on cervical cancer cells, while the knockdown of CDK6 
could reverse this process. These findings suggested that 
the LINC00313/miR-4677-3p axis materially promotes the 
expression of CDK6, which leads to the progression of 
cervical cancer cells.

Figure 7 Effects of LINC00313/miR-4677-3p/CDK6 axis on cervical cell growth in vivo. (A) The transfected Hela cells were subcutaneously injected into the right side of 
male Balb/c nude mice, and the tumorigenicity of cervical cancer was observed after five weeks (n=3). (B) The growth curve of tumor volume in Balb/c nude mice was 
monitored every seven days. (C) Representative images of H&E staining of tumor tissues. Data were represented as mean value ± SD. **P<0.01 vs sh-NC+NC inhibitor 
group. #P<0.05 vs sh-LINC00313+NC inhibitor group.
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In conclusion, this study revealed that LINC00313 was 
overexpressed in cervical carcinoma tissues and cells. 
LINC00313 accelerated cervical carcinoma cell proliferation 
and metastasis by targeting the miR-4677-3p/CDK6 axis. 
Moreover, knockdown of LINC00313 inhibited the prolifera-
tion and metastasis potential in vitro, which was reversed by 
inhibition of the miR-4677-3p/CDK6 regulatory axis. Our 
findings demonstrated that LINC00313 accelerated the pro-
gression of cervical carcinoma via regulation of the miR-4677- 
3p/CDK6 axis.
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