
O R I G I N A L  R E S E A R C H

TCEB3 is Regulated by Circ-0000212/miR-140-3p 
Axis to Promote the Progression of Cervical 
Cancer

Yufeng Wang1 

Chuanhui Miao2 

Xiang Gao3

1Department of Gynecology, Jinan 
Second Maternal and Child Health 
Hospital, Jinan, Shandong, 271199, 
People’s Republic of China; 2Department 
of Obstetrics and Gynecology, Shizhong 
District People’s Hospital, Zaozhuang, 
Shandong, 277100, People’s Republic of 
China; 3Department of Geratology, The 
First Affiliated Hospital of Weifang 
Medical University (Weifang People’s 
Hospital), Weifang, Shandong, 261041, 
People’s Republic of China 

Background: Cervical cancer is a common female malignancy, which accounts for a large 
proportion of cancer-related mortality in the world. Therefore, exploring the mechanisms of 
cervical cancer progression and seeking new therapeutic targets are extraordinarily needful. 
The aim of this study was to explore the role of TCEB3 in cervical cancer progression.
Methods: TCEB3 expression was detected in cervical cancer tissue and adjacent normal 
tissues using qRT-PCR and immunohistochemistry analysis. TCEB3 expression was mea-
sured in cells using Western blot and qRT-PCR assay. Flow cytometer, CCK-8, colony 
formation and transwell assays were used to detect cell apoptosis, viability, colony- 
forming ability and invasion of cervical cancer cells. The expression of Ki-67, MMP-2, 
and MMP-9 was detected using Western blot. Bioinformatics analysis was used to predict 
circRNA-miRNA and miRNA-mRNA interactions. RIP and luciferase reporter assay were 
used to determine the interaction relationship.
Results: TCEB3 expression was up-regulated in both cervical cancer tissues and cells. 
Silencing of TCEB3 inhibited cell proliferation and invasion and promoted apoptosis of 
cervical cancer cells. Additionally, silencing of TCEB3 reduced the protein expression of Ki- 
67, MMP-2, and MMP-9 of cervical cancer cells. Mechanistically, we identified that TCEB3 
was directly targeted gene of miR-140-3p, and circ-0000212 acted as a sponge of miR-140- 
3p. Moreover, TCEB3 was regulated by circ-0000212/miR-140-3p axis and played a tumor 
promotive role in cervical cancer.
Conclusion: Silencing of TCEB3 attenuated cell proliferation and invasion and promoted 
apoptosis of cervical cancer cells, and this effect was regulated by circ-0000212/miR-140-3p 
axis. Our findings may provide a novel promising target for cervical cancer treatment.
Keywords: cervical cancer, TCEB3, circ-0000212, miR-140-3p

Introduction
Cervical cancer acts as one of the most commonly malignant tumors, and it is the 
fourth leading cause of cancer-related deaths in women worldwide.1–4 Although the 
widespread application of human papillomavirus (HPV) vaccination and early 
screening programs have been used as effective strategies for disease prevention, 
the incidence rate of cervical cancer is increasing in developed and developing 
countries.5 At present, the treatments of cervical cancer include surgery, chemother-
apy, radiotherapy, and concurrent chemoradiotherapy therapy.6 However, cervical 
cancer still shows high invasion, which lead to the poor prognosis of patients.7 

Therefore, it is essential to investigate the detailed mechanisms underlying 
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progression of cervical cancer and identify novel and 
effective therapeutic targets for cervical cancer.

TCEB3 (also called Elongin A) is a transcriptionally 
active subunit of RNA polymerase II (Pol II) transcription 
factor Elongin (SIII), which accelerates the rate of Pol II 
elongation by inhibiting the transient pausing of the poly-
merase at many sites in the transcriptome.8,9 Elongin 
A-deficient mice showed a severely retarded development 
and generated an embryonic lethal phenotype, and mouse 
embryonic fibroblasts derived from the Elongin A-deficient 
mice display increased apoptosis and senescence-like growth 
defects.10 It has been reported that microsatellite mutations 
drive tumourigenesis and inactivate the tumour suppressors, 
and TCEB3 is one of the novel candidate driver genes that 
have more mutations than identical control repeats.11 

Moreover, TCEB3 has been identified potential antigens 
associated with the pathogenesis of peripheral T-cell 
lymphomas.12 However, the expression and functions of 
TCEB3 in cervical cancer have not been investigated.

In recent years, circular RNA (circRNA), a novel type of 
non-coding RNA, has become a hotspot in a wide variety of 
human disease and cancers.13–19 Salmena et al have pro-
posed a competitive endogenous RNA (ceRNA) hypothesis, 
which points out that mRNA, long non-coding RNAs 
(lncRNAs), and pseudogenes can competitively combine 
with microRNA (miRNA) to regulate gene expression.20 

Since then, more and more evidences have shown that 
circRNA may act as ceRNAs through competitive binding 
with miRNA, thereby regulating the expression of down-
stream genes and participating in a series of biological 
processes involved in cancer (such as cell proliferation, 
invasion, and metastasis).21–23 However, the function of 
circRNAs in cervical cancer need to be further recognized.

In the present study, we investigated TCEB3 expres-
sion in cervical cancer tissues and cells. We assessed the 
effects of silencing of TCEB3 on cervical cancer cells 
through functional assays (including cell proliferation, 
invasion, and apoptosis). Moreover, we found that 
TCEB3 was regulated by circ-0000212/miR-140-3p axis 
and participated in the progression of cervical cancer, 
which might provide a novel target for future treatment 
of patients with cervical cancer.

Materials and Methods
Patients and Specimens
A total of 35 pairs of cervical cancer tissues and adjacent 
normal tissues were collected from patients with cervical 

cancer from January 2018 to December 2019 at our hos-
pital. The inclusion criteria were: (1) The pathological 
diagnosis of the patients was cervical cancer; (2) The 
patients had no other malignancies; (3) all patients did 
not receive radiotherapy or chemotherapy before surgery. 
Patients who were not willing to cooperate with the treat-
ment were excluded. After surgical resection, tissue speci-
mens were stored at −80°C for the further experiments. All 
patients signed informed consent forms. The study was 
conducted in accordance with the Declaration of Helsinki 
and approved by the Ethics Committee of our hospital 
(approval number: WFSRNYY2018-103-1).

Cell Culture
Human epidermal cell (HaCaT) and cervical cancer cell 
lines (SiHa, HT-3, Hela, C33A) were purchased from 
Chinese Academy of Science (Shanghai, China). All cells 
were culture in DMEM medium (Invitrogen, Carlsbad, CA, 
USA) with 10% fetal bovine serum (FBS) and 1% penicil-
lin-streptomycin (HyClone Laboratories, Inc., Logan, UT, 
USA) at 37 °C in an incubator with 5% CO2.

Cell Transfection
SiHa and Hela cells (3 × 105 cells/well) were seeded in 
a 6-well plate. When the cells grew to 90% confluence, 
cells were transfected with a negative control of siRNA- 
TCEB3 (si-NC), siRNA targeting TCEB3 (si1-TCEB3 and 
si2-TCEB3), negative control of miR-140-3p inhibitor 
(inhibitor NC), miR-140-3p inhibitor (inhibitor), miR- 
140-3p inhibitor+si1-TCEB3 (inhibitor+si1-TCEB3), 
negative control of siRNA-circ-0000212 (si-NC), siRNA 
targeting si-circ-0000212 (si1-circ and si2-circ) and si1- 
circ+miR-140-3p inhibitor (si1-circ+inhibitor). Cell trans-
fection was performed by Lipofectamine 3000 reagent 
(Invitrogen) according to the protocols provided by the 
manufacturer. After transfection for 48 h, cells were har-
vested for the further experiments.

Quantitative Real-Time Polymerase Chain 
Reaction (qRT-PCR)
Total RNA was extracted from cells and tissues by TRIzol 
reagent (Invitrogen), then cDNA was synthesized using 
Primescript RT Reagent Kit (TaKaRa, Tokyo, Japan). 
QRT-PCR was carried out on StepOnePlus Real-Time 
PCR system (Applied Biosystems, Foster City, CA, 
USA) with SYBR Premix Ex Taq™ Reagent (TaKaRa). 
The relative expression levels was calculated using the 
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2−ΔΔCt method. GAPDH was employed as internal control. 
The PCR primers used in this study were as follow: 
TCEB3 (F: 5ʹ-CTATGATGGCCCAAGCACCA-3ʹ, R: 5ʹ- 
ACATGCAACATGCAGTCCAC-3ʹ), miR-140-3p (F: 5ʹ- 
TGGTACTGATGTGATGGACT-3ʹ, R: 5ʹ-TCATATCACA 
CAGCACCGAT-3ʹ), circ-0000212 (F: 5ʹ-GGAGTT 
ACAGCGATCCAGGG-3ʹ, R: 5ʹ-AGCTGACAAAGT 
GCTCTCCA-3ʹ) and GAPDH (F: 5ʹ-CACCAT 
TGGCAATGAGCGGTTC-3ʹ, R: 5ʹ-AGGTCTTTGCGG 
ATGTCCACGT-3ʹ).

Western Blot Analysis
Total protein was extracted from cells using RIPA Lysis 
Buffer (Pierce, Rockford, IL, USA), and then protein con-
centration was detected by BCA Protein Assay Kit 
(Beyotime Biotechnology, Jiangsu, China). Subsequently, 
equal amount of protein (20 μg) was separated by 10% 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to polyvinylidene fluoride 
(PVDF) membrane (Millipore, Billerica, MA, USA). 
After blocking with 5% non-fat milk at 37°C for 1 h, the 
membranes were incubated with primary antibodies 
[TCEB3, 3685; GAPDH (internal control), 5174; diluted 
at 1:1000; Cell Signaling Technology, USA. Ki67, 
ab92742; MMP-2, ab97779; MMP-9, ab76003; diluted at 
1:1000, Abcam, UK] at 4°C overnight, and then incubated 
with HRP-labeled goat anti-rabbit IgG (diluted at 1:4000, 
Zhongshan Golden Bridge Biotechnology, Beijing, China) 
for 1 h. Finally, an enhanced chemiluminescence (ECL) 
system (Millipore) was used to display protein bands, and 
the protein bands were analyzed by an Image-Pro Plus 6.0 
system (Media Cybernetics, USA).

Cell Counting Kit-8 (CCK-8) Assay
The cell viability of cervical cancer was determined using 
Cell Counting kit-8 (CCK-8, Beyotime) according to man-
ufacturer’s instruction. Briefly, transfected cells (3 × 103 

cells/well) were seeded into 96-well plates and maintained 
for 0, 24, 48, and 72 h, respectively. At the indicated time 
point, cells were incubated with CCK-8 reagent (10 μL) 
for additional 4 h at 37 °C. Finally, the optical density 
(OD, 450 nm) was detected by a microplate reader (Bio- 
Rad, Philadelphia, PA, USA).

Colony Formation Assay
The transfected cells (500 cells/well) were seeded into 
6-well plates and maintained in DMEM medium at 37 ° 
C in an incubator with 5% CO2. After 2 weeks, the cells 

were fixed with methanol and stained with 0.1% crystal 
violet (Sigma) for 20 min. Finally, the colonies were 
imaged and counted under an EVOS M5000 microscope 
(Thermo Fisher Scientific, Pudong, Shanghai, China).

Transwell Assay
The transfected cells (1 × 104) were resuspended in 200 μL 
serum-free medium and plated in the Matrigel-coated upper 
chamber (Corning, USA). Meanwhile, 600 μL medium with 
10% FBS was added to the lower chamber. After incubation 
for 48 h, the non-invaded cells were removed with cotton 
swab, and the invasive cells were fixed with 4% polymetha-
nol and then stained with 0.1% crystal violet for 20 min. 
Finally, the cells that passed through the Matrigel were 
photographed and calculated in 5 randomly selected fields.

Cell Apoptosis Analysis
Cell apoptosis was detected using Annexin V-FITC/PI 
apoptosis detection kit (Beyotime). Briefly, the transfected 
cells (1× 106 cells) were resuspended in 200 μL binding 
buffer, stained with 10 μL of Annexin V-FITC for 15 min 
at room temperature in the dark, and then stained with 5 
μL of propidium iodide (PI) for 5 min in the dark at room 
temperature. Finally, cell apoptosis was analyzed using 
a flow cytometer (BD Biosciences, San Jose, CA, USA).

Dual-Luciferase Reporter Assay
The TCEB3 wild type (TCEB3-WT), TCEB3 mutant 
(TCEB3-MUT), circ-0000212 wild type (circ-0000212- 
WT), circ-0000212 mutant (circ-0000212-MUT) lucifer-
ase reporter plasmids, negative control of miR-140-3p 
mimic (mimic NC), and miR-140-3p mimic were con-
structed by Invitrogen. Cells were seeded on a 96-well 
plate and co-transfected with corresponding luciferase 
reporter plasmids and miR-140-3p mimic or its negative 
control. After transfection for 48 h, luciferase activity was 
detected using the Dual-Luciferase Reporter Assay system 
(Promega, Madison, WI, USA).

RNA Binding Protein 
Immunoprecipitation (RIP) Assay
SiHa and Hela cells were lysed with RNA immunoprecipi-
tation lysis buffer (Millipore), then cell lysates were incu-
bated with magnetic beads conjugated with negative control 
rabbit IgG or human anti-AGO2 antibody (Abcam, USA) at 
4 °C overnight. Next, the samples were incubated with 
Proteinase K for 30 min, and then immunoprecipitated 

OncoTargets and Therapy 2021:14                                                                                                 http://doi.org/10.2147/OTT.S278710                                                                                                                                                                                                                       

DovePress                                                                                                                       
2855

Dovepress                                                                                                                                                            Wang et al

Powered by TCPDF (www.tcpdf.org)

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


RNA was extracted using Trizol. Finally, qRT-PCR was 
used to determine the relative expression of miR-140-3p 
and circ-0000212.

Immunohistochemistry (IHC)
Cervical cancer tissues and adjacent normal tissue were fixed 
in 10% neutral buffered formalin and embedded in paraffin. 
Next, 4 μm thick sections of the tissues were cut, deparaffi-
nized in xylene and rehydrated with graded alcohol. The sec-
tions were washed with phosphate buffered saline (PBS) and 
then boiled in citrate buffer (pH 6.0) for 15 min. The sections 
were incubated with 3% H2O2 for 5 min to block the endogen-
ous peroxidase activity and then incubated in goat serum to 
decrease nonspecific staining. The sections were incubated 
with anti-Elongin A antibody (ab246878, diluted at 1:200, 
Abcam) overnight at 4°C, incubated with secondary antibody 
at 37°C for 20 min and then treated with DAB (Thermo Fisher 
Scientific) for 10 min. The sections were counterstained with 
hematoxylin-eosin for 3 min and then dehydrated in ethanol. 
The positive staining of TCEB3 was yellow or brown color.

Statistical Analysis
All data were presented as mean ± standard deviation (SD), 
and statistical analysis was performed by GraphPad Prism 7.0 
(USA). Student’s t-test was used to analyze the differences 
between two groups, and one-way ANOVA followed by 
Tukey’s test was used to analyze the differences among multi-
ple groups. All experiments in this study were carried out at 
least three times with triplicate samples. P value less than 0.05 
was considered statistically significant.

Results
TCEB3 is Up-Regulated in Cervical 
Cancer Tissues and Cells
In order to explore the role of TCEB3 in the pathogenesis of 
cervical cancer, we first analyzed TCEB3 expression in cervi-
cal cancer based on GEPIA dataset and TCGA database. As 
shown in Figure 1A and B, compared with the normal group, 
TCEB3 expression was up-regulated in cervical squamous cell 
carcinoma and endocervical adenocarcinoma (CESC) and N1 
stage. The overall survival rate of cervical cancer patients with 
low or high TCEB3 expression was analyzed based on TCGA 
database. The result showed that patients with high TCEB3 
expression had the lower survival rate than patients with low 
TCEB3 expression (P < 0.01, Figure 1C). In addition, we 
analyzed TCEB3 expression in cervical cancer tissues using 
qRT-PCR and IHC analysis. Result showed that TCEB3 

expression was up-regulated in cervical cancer tissues com-
pared with adjacent normal tissues (P < 0.01, Figure 1D and E). 
Subsequently, TCEB3 expression in cervical cancer cells was 
detected using qRT-PCR and Western blot analysis, which 
suggested that the mRNA and protein expression of TCEB3 
in cervical cancer cells (SiHa, HT-3, Hela, C33A) was up- 
regulated compared with HaCaT cells (P < 0.01, Figure 1F 
and G).

Silencing of TCEB3 Attenuates Cell 
Proliferation and Invasion and Promoted 
Apoptosis of Cervical Cancer Cells
To explore the biological function of TCEB3 in cervical can-
cer, SiHa and Hela cells which showed highest endogenous 
TCEB3 expression were transfected with si-TCEB3 for the 
loss-of-function experiments. As shown in Figure 2A, both 
si1-TCEB3 and si2-TCEB3 obviously decreased TCEB3 
expression in SiHa and Hela cells (P < 0.01). We then chose 
si1-TCEB3 for subsequent assays due to its highest inhibitory 
efficiency. Figure 2F showed that si1-TCEB3 decreased 
TCEB3 protein expression in SiHa and Hela cells (P < 0.01). 
CCK-8 assay showed that silencing of TCEB3 decreased the 
viability of SiHa and Hela cells (P < 0.05, Figure 2B). 
Consistently, cell colony assay confirmed the effects (Figure 
2C). Subsequently, transwell invasion assay showed that silen-
cing of TCEB3 attenuated invasion ability of SiHa and Hela 
cells (P < 0.01, Figure 2D). In addition, flow cytometric data 
showed that silencing of TCEB3 increased cell apoptosis in 
SiHa and Hela cells (P < 0.01, Figure 2E). Besides, results of 
Western blot showed that silencing of TCEB3 decreased the 
protein expression of Ki-67, MMP-2, and MMP-9 (P < 0.01, 
Figure 2F).

TCEB3 is Directly Targeted Gene of 
miR-140-3p in Cervical Cancer
We next aimed to find the miRNAs that might be directly 
targeted TCEB3 in cervical cancer. By using bioinformatics 
tools (DGEs-DOWN and miRDB databases), we revealed that 
TCEB3 might be directly regulated by miR-140-3p (Figure 
3A). The expression of miR-140-3p is generally low in various 
cancers (Figure 3B), and TCGA database showed that miR- 
140-3p expression was down-regulated in cervical cancer tis-
sues (Figure 3C), and patients with high miR-140-3p expres-
sion had the higher survival rate than patients with low miR- 
140-3p expression (Figure 3D). Therefore, we chose miR-140- 
3p for follow-up study. We analyzed miR-140-3p expression in 
cervical cancer tissues using qRT-PCR. As indicated in Figure 
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3E, miR-140-3p expression was down-regulated in cervical 
cancer tissues compared with adjacent normal tissues (P < 
0.01). Besides, to further verify the interaction between miR- 
140-3p and TCEB3, we performed dual-luciferase reporter 
assays. Figure 3F showed the binding site of miR-140-3p in 
the 3ʹ-UTR of TCEB3. The results of luciferase reporter assay 
(Figure 3G) showed that miR-140-3p mimic obviously 
decreased the luciferase activity of TCEB3 wild type 3ʹUTR 
(TCEB3-WT) in SiHa and Hela cells (P < 0.01), while there 
was no affection on the luciferase activity of TCEB3 mutant 
type 3ʹUTR (TCEB3-MT) in SiHa and Hela cells. Taken 
together, these data demonstrated that TCEB3 was directly 
targeted gene of miR-140-3p in cervical cancer.

TCEB3 Reverses the Regulatory Effects of 
miR-140-3p on Cell Proliferation, 
Invasion, and Apoptosis of Cervical 
Cancer Cells
To further investigate the functional interaction between 
miR-140-3p and TCEB3 in the progression of cervical can-
cer, we transfected with miR-140-3p inhibitor and si-TCEB3 
into SiHa and Hela cells to conduct the rescue experiments 
such as colony formation, transwell assay, and cell apoptosis 
analysis. As shown in Figure 4A, miR-140-3p expression in 
miR-140-3p inhibitor group was lower than that in inhibitor 
NC group (P < 0.01), which indicated the transfection was 

Figure 1 TCEB3 was up-regulated in cervical cancer tissues and cells. (A) TCEB3 expression in squamous cell carcinoma and endocervical adenocarcinoma (CESC) based 
on GEPIA dataset. (B) TCEB3 expression in CESC based on nodal metastasis status from TCGA database. (C) The overall survival rate of cervical cancer patients with low 
or high TCEB3 expression was analyzed based on TCGA database. (D) TCEB3 expression in cervical cancer tissues and adjacent normal tissues was detected using qRT- 
PCR. (E) TCEB3 expression in cervical cancer tissues and adjacent normal tissues was detected using immunohistochemistry analysis. (F) TCEB3 expression in cervical 
cancer cells (SiHa, HT-3, Hela, C33A) and human epidermal cell (HaCaT) was detected using qRT-PCR analysis. (G) TCEB3 expression in cervical cancer cells (SiHa, HT-3, 
Hela, C33A) and human epidermal cell (HaCaT) was detected using Western blot analysis. **P < 0.01.
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successful. Subsequently, we found that low expression of 
miR-140-3p increased TCEB3 expression (P < 0.01, Figure 
4B and F). In addition, low expression of miR-140-3p pro-
moted cell proliferation and invasion and inhibited apoptosis 
of SiHa and Hela cells (P < 0.01, Figure 4C–E). Low 

expression of miR-140-3p increased the protein expression 
of Ki-67, MMP-2, and MMP-9 (P < 0.01, Figure 4F). 
Furthermore, silencing of TCEB3 reversed the tumor pro-
moting effects induced by miR-140-3p inhibitor (P < 0.01, 
Figure 4C–F).

Figure 2 Silencing of TCEB3 attenuated cell proliferation and invasion and promoted apoptosis of cervical cancer cells. (A) TCEB3 expression in SiHa and Hela cells was 
detected using qRT-PCR analysis. (B) CCK-8 assay was used to detect the viability of SiHa and Hela cells. (C) Cell colony assay was used to detect cell proliferation in SiHa 
and Hela cells. (D) Transwell assay was used to detect cell invasion in SiHa and Hela cells. (E) Apoptosis of SiHa and Hela cells was analyzed using a flow cytometer. (F) The 
protein expression of TCEB3, Ki-67, MMP-2, and MMP-9 was detected using Western blot analysis. *P < 0.05, **P < 0.01.
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Circ-0000212 Acts as a Sponge of 
miR-140-3p in Cervical Cancer
It has been reported that circRNAs may play important 
roles in biological functions by sponging miRNAs.17 With 
the assistance of bioinformatics analysis (Target and 
DGEs), we found that miR-140-3p might be directly regu-
lated by circ-0000212 (Figure 5A). Circ-0000212 expres-
sion in cervical cancer tissues was up-regulated based on 
the TCGA database (Figure 5B). Besides, we analyzed 
circ-0000212 expression in cervical cancer tissues using 
qRT-PCR. The results showed that circ-0000212 expres-
sion was up-regulated in cervical cancer tissues compared 
with adjacent normal tissues (P < 0.01, Figure 5C). 
Therefore, circ-0000212 was chosen as a follow-up 

subject. Dual-luciferase reporter assay was used to verify 
the interaction between circ-0000212 and miR-140-3p. 
Figure 5D showed the binding site of miR-140-3p in the 
3ʹ-UTR of circ-0000212. As shown in Figure 5E, miR- 
140-3p mimic remarkably decreased the luciferase activity 
of circ-0000212-WT in SiHa and Hela cells, but miR-140- 
3p mimic failed to influence the luciferase activity of circ- 
0000212-MUT in both cells. Moreover, RIP assay was 
carried out to further verify the interaction between circ- 
0000212 and miR-140-3p. As seen in Figure 5F, both circ- 
0000212 and miR-140-3p were significantly enriched in 
compounds precipitated by anti-AGO2 antibody compared 
with IgG (P < 0.01), which proofed the interaction of miR- 
140-3p with circ-0000212.

Figure 3 TCEB3 was directly targeted gene of miR-140-3p in cervical cancer. (A) The Venn diagram exhibited that TCEB3 might be regulated by miR-140-3p predicted in 
DGEs-DOWN and miRDB databases. (B) dbDEMC database shows that miR-140-3p expression is generally low in various cancers. (C) miR-140-3p expression in squamous 
cell carcinoma and endocervical adenocarcinoma (CESC) based on TCGA dataset. (D) The overall survival rate of cervical cancer patients with low or high miR-140-3p 
expression was analyzed based on TCGA database. (E) miR-140-3p expression in cervical cancer tissues and adjacent normal tissues was detected using qRT-PCR. (F) The 
putative-binding site of miR-140-3p in the 3ʹ-UTR of TCEB3. (G) Dual-luciferase reporter assay was performed to evaluate the interaction of TCEB3 and miR-140-3p. **P < 
0.01.
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Figure 4 TCEB3 reversed the regulatory effects of miR-140-3p on cell proliferation, invasion, and apoptosis of cervical cancer cells. (A) miR-140-3p expression in SiHa and 
Hela cells was detected using qRT-PCR analysis. (B) TCEB3 expression in SiHa and Hela cells was detected using qRT-PCR analysis. (C) Cell colony assay was used to detect 
cell proliferation in SiHa and Hela cells. (D) Transwell assay was used to detect cell invasion in SiHa and Hela cells. (E) Apoptosis of SiHa and Hela cells was analyzed using 
a flow cytometer. (F) The protein expression of TCEB3, Ki-67, MMP-2, and MMP-9 was detected using Western blot analysis. **P < 0.01, ##P < 0.01.
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miR-140-3p Reverses the Regulatory 
Effects of Circ-0000212 on Cell 
Proliferation, Invasion, and Apoptosis of 
Cervical Cancer Cells
To further explore whether circ-0000212 participates in the 
progression of cervical cancer through sponging miR-140-3p, 
we detected cell proliferation, invasion, and apoptosis of cer-
vical cancer cells after co-transfection of miR-140-3p inhibitor 
and si-circ-0000212 into SiHa and Hela cells. The transfection 
efficiency of si-circ-0000212 was determined in SiHa and 
Hela cells (P < 0.01, Figure 6A). Furthermore, silencing of si- 
circ-0000212 increased miR-140-3p expression, and inhibited 
cell proliferation and invasion and promoted apoptosis of SiHa 
and Hela cells (P < 0.01, Figure 6B–E). Silencing of si-circ 

-0000212 decreased the protein expression of Ki-67, MMP-2, 
and MMP-9 (P < 0.01, Figure 6F). After the co-transfection of 
miR-140-3p inhibitor and si-circ-0000212, we found that 
miR-140-3p inhibitor reversed the tumor suppressive effects 
induced by silencing of circ-0000212 (P < 0.01, Figure 6B–F).

Discussion
A report on the global burden of cancer worldwide showed 
that there were nearly 570,000 new cases of cervical 
cancer in 2018, and more than 310,000 deaths attributed 
to cervical cancer.24 Although numerous researches have 
been performed to explore the pathogenesis of cervical 
cancer, the real effective target of cervical cancer is still 
unclear.25,26 TCEB3 is the largest subunit of the elongin 

Figure 5 Circ-0000212 acted as a sponge of miR-140-3p in cervical cancer. (A) The Venn diagram exhibited that miR-140-3p might be directly regulated by circ-0000212 
predicted in Target and DGEs databases. (B) circ-0000212 expression in cervical cancer based on TCGA dataset. (C) circ-0000212 expression in cervical cancer tissues and 
adjacent normal tissues was detected using qRT-PCR. (D) The putative binding site of miR-140-3p in the 3ʹ-UTR of circ-0000212. (E) Dual-luciferase reporter assay was 
performed to evaluate the interaction of circ-0000212 and miR-140-3p. (F) RIP assay was performed in SiHa and Hela cells, followed by qRT-PCR to detect the expression of 
circ-0000212 and miR-140-3p. **P < 0.01.
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complex, which regulates the overall rate of Pol II elonga-
tion and takes part in ubiquitylation and degradation of 
Rpb1 following DNA damage.27,28 It has been reported 
that TCEB3 expression is up-regulated in myeloma cell 
lines (NCIH929, JJN3 and RPMI8226 cells).12 In addition, 
Kanno et al found that the most of the naive U87 cells and 
U87 glioma stem-like cells were Elongin A positive.29 

However, the expression and functions of TCEB3 in cer-
vical cancer remains largely unclear. In the present study, 
we found that TCEB3 expression was up-regulated in both 
cervical cancer tissues and cells, which indicated that 
TCEB3 played a vital role in the progression of cervical 
cancer.

More and more studies have shown that it is a highly 
complex process for the occurrence, development, and metas-
tasis of cancer, epithelial-derived cells acquire malignant char-
acteristics with high proliferative capacity and gradually 
augmented aggressiveness in the process.30,31 SiRNA technol-
ogy has great potential in the treatment of currently incurable 
diseases (such as cancer), and has great potential in the use of 
targeted therapeutic drugs.32,33 In this study, to investigate the 
effects of TCEB3 in cervical cancer, SiHa and Hela cells were 
transfected with si-TCEB3 for the loss-of-function experi-
ments. The results showed that silencing of TCEB3 decreased 
the viability, colony numbers, and invasion ability of SiHa and 
Hela cells. Moreover, silencing of TCEB3 decreased the pro-
tein expression of Ki-67, MMP-2, and MMP-9. Apoptosis is 
a process of programmed death and is an essential component 
of cell growth control.34 When disturbed, the imbalance 
between cell life and death may lead to tumor progression.35 

Here, we found that silencing of TCEB3 increased cell apop-
tosis in SiHa and Hela cells. On the whole, our results sug-
gested that silencing of TCEB3 inhibited cell proliferation and 
invasion and promoted apoptosis of cervical cancer cells.

It is well recognized that miRNAs can interact with the 
3ʹ-UTR of target genes to regulate multiple target genes in 
the development, progression, and prognosis of various 
types of human cancer.36,37 Wang et al found that miR- 
21 promoted the proliferation and migration of breast 
cancer cells by targeting LZTFL1.38 Li et al reported that 
overexpression of miR-128 suppressed the cell prolifera-
tion and enhanced paclitaxel sensitivity in ovarian cancer 
cells by suppressing the expression of HOXB8.39 Lv et al 
showed that miR-664 inhibited cell proliferation and 
induced apoptosis of cervical cancer cells via targeting 
c-Kit.40 In this study, to determine the mechanisms under-
lying the effects of TCEB3 in cervical cancer, we per-
formed bioinformatics analysis to find the miRNAs that 

might be directly targeted TCEB3 in cervical cancer and 
eventually identified miR-140-3p. A study has illustrated 
that miR-140-3p expression is down-regulated in basal cell 
carcinoma compared with nonlesional skin. Consistent 
with previous study, we found that miR-140-3p expression 
was down-regulated in cervical cancer tissues. 
Subsequently, dual-luciferase reporter assays validated 
that miR-140-3p could directly binds to the 3ʹ-UTR 
of TCEB3. Functionally, low expression of miR-140-3p 
promoted cell proliferation and invasion and inhibited 
apoptosis of SiHa and Hela cells. Low expression of 
miR-140-3p increased the protein expression of Ki-67, 
MMP-2, and MMP-9. However, silencing of TCEB3 
reversed the tumor promoting effects induced by miR- 
140-3p inhibitor. The above results indicated that TCEB3 
was regulated by miR-140-3p to influence cell prolifera-
tion, invasion and apoptosis of cervical cancer cells.

A lot of studies suggest that circRNAs are able to 
serve as microRNAs sponge to regulate cervical cancer 
progression. For example, Chen et al reported that 
circMTO1 promoted tumorigenesis and chemoresistance 
of cervical cancer via regulating miR-6893.41 Wu et al 
indicated that circAGFG1 promoted proliferation and 
migration of cervical cancer cells via miR-370-3p/RAF1 
signaling.42 Based on these findings, we found that miR- 
140-3p was directly regulated by circ-0000212 by RIP 
and dual-luciferase reporter assays. As we have seen, 
circ-0000212 (genomic location: chr10: 
7405839–7423911) is a new circRNA in cervical cancer. 
TCGA database shows that circ-0000212 expression is 
up-regulated in cervical cancer tissues. Here, our results 
also showed that circ-0000212 expression was up- 
regulated in cervical cancer tissues compared with adja-
cent normal tissues. Silencing of si-circ-0000212 
increased miR-140-3p expression, inhibited cell prolifera-
tion and invasion and promoted apoptosis of SiHa and 
Hela cells. Silencing of si-circ-0000212 decreased the 
protein expression of Ki-67, MMP-2, and MMP-9. In 
addition, rescue experiments showed that miR-140-3p 
inhibitor reversed the tumor suppressive effects induced 
by silencing of circ-0000212. Overall, our results revealed 
that circ-0000212 might sponge miR-140-3p to regulate 
cell proliferation, invasion, and apoptosis of cervical can-
cer cells.

Conclusion
In conclusion, our findings demonstrated that TCEB3 
expression was up-regulated in both cervical cancer tissues 
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Figure 6 miR-140-3p reversed the regulatory effects of circ-0000212 on cell proliferation, invasion, and apoptosis of cervical cancer cells. (A) Circ-0000212 expression in 
SiHa and Hela cells was detected using qRT-PCR analysis. (B) miR-140-3p expression in SiHa and Hela cells was detected using qRT-PCR analysis. (C) Cell colony assay was 
used to detect cell proliferation in SiHa and Hela cells. (D) Transwell assay was used to detect cell invasion in SiHa and Hela cells. (E) Apoptosis of SiHa and Hela cells was 
analyzed using a flow cytometer. (F) The protein expression of Ki-67, MMP-2, and MMP-9 was detected using Western blot analysis. **P < 0.01, ##P < 0.01.
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and cells. Moreover, TCEB3 was regulated by circ- 
0000212/miR-140-3p axis and played a tumor promotive 
role in cervical cancer. Our findings may provide a novel 
insight into the therapy for cervical cancer.
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