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Abstract. – OBJECTIVE: Increasing evidence 
shows that long non-coding RNAs (lncRNAs) 
play important roles in the development and pro-
gression of human carcinoma. TDRG1 was a re-
cently identified lncRNA which was reported to 
promote the progression of several carcinomas. 
However, its function in cervical cancer remains 
unknown.

MATERIALS AND METHODS: Quantitative 
Real Time-Polymerase Chain Reaction (qRT-
PCR) assay was performed to determine the mR-
NA expression. siRNA for lncRNA TDRG1, miR-
330-5p, and the corresponding negative control 
were conducted. The cell function analysis was 
evaluated by CCK-8 assay, colony formation as-
say, transwell assay, scratch assay, and flow cy-
tometry analysis. RNA-binding protein immu-
noprecipitation (RIP), Dual-Luciferase reporter 
assay, and RNA pull-down assay were used to 
determine the potential targets of TDRG1 or miR-
330-5p. Western blot and Immunohistochemis-
try (IHC) analysis were used to examine the pro-
tein expression. The effect of TDRG1 on tumor 
growth was evaluated in vivo.

RESULTS: LncRNA TDRG1 expression was 
notably increased in cervical cancer tissues and 
cancer cells. LncRNA TDRG1 promoted the pro-
liferation and migration of cervical cancer cells. 
Mechanism investigation suggested that lncRNA 
TDRG1 up-regulated the expression of ELK1 by 
acting as a competing endogenous RNA (CeR-
NA) of miR-330-5p. Rescue experiments indi-
cated that miR-330-5p-inhibitor reversed the si-
TDRG1-induced cell activity changes. This in 
vivo study proved that the down-regulation of ln-
cRNA TDRG1 inhibited cervical tumor growth by 
regulating miR-330-5p/ELK1.

CONCLUSIONS: The present study reveals 
that lncRNA TDRG1 promotes cervical cancer 
progression by acting as a CeRNA of miR-330-
5p to modulate the expression levels of ELK1 
and may be explored as a novel target for devel-
oping therapeutic strategies for the treatment of 
cervical cancer.

Key Words: 
LncRNA TDRG1, Proliferation, Migration, Invasion, 

CeRNA, MiR-330-5p, Cervical cancer.

Introduction

Although the incidence of cervical cancer 
has been significantly reduced due to the HPV 
vaccine, cervical cancer is still the third lead-
ing cause of cancer-related deaths worldwide1-3. 
Despite the great advancements in therapeutic 
technology, the 5-year overall survival rate of 
patients with cervical cancer maintained at 60-
70% without a significant decrease in the last 
40 years4,5. Tumor formation and development 
are a complex process, regulated by a variety 
of biological molecules such as oncogenes, tu-
mor suppressor genes, and non-coding RNAs6-8. 
Researches on the molecular mechanisms of the 
development and progression of cervical cancer 
will be of great benefit to find new diagnostic 
biomarkers and treatment strategies.

Long non-coding RNAs (lncRNAs) refer to 
RNAs with more than 200 nucleotides in length 
and lack protein-coding capacity, which accounts 
for at least 70% of human transcripts9. LncRNAs 
have been found to be involved in numerous 
physiological and pathological processes10,11, es-
pecially in the tumorigenesis and progression 
of cancer12,13. We found that lncRNAs are fre-
quently dysregulated in multiple tumor types14,15. 
Shi et al16 have investigated the potential of ln-
cRNAs as biomarkers for cancer diagnosis, and 
promising results have been achieved. In addi-
tion, lncRNA is found to act as competing for 
endogenous RNAs (CeRNAs). In this manner, 
lncRNA can indirectly regulate the post-tran-
scriptional translation of mRNA target genes by 
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competitively binding to miRNA and impeding 
its function17,18. LncRNAs such as HOTAIR19, 
XIST20, and MALAT121 have been identified as 
potential therapeutic targets in cervical cancer. 
However, there are stills numerous lncRNAs 
in cervical cancer which have not been fully 
explored. Human testicular development-associ-
ated gene 1 (TDRG1) is a recently identified 
lncRNA gene that is specifically expressed in 
testicular tissues and promotes the development 
of testicular seminoma22. The previous report23 
has showed that the lncRNA TDRG1 is highly 
expressed in bone marrow mesenchymal stem 
cells. Moreover, lncRNA TDRG1 was found 
to be up-regulated in epithelial ovarian cancer 
and endometrial cancer and acted as an on-
cogene which promoted the development and 
progression of the endometrial tumor24,25. The 
regulatory mechanisms of TDRG1 are mainly 
through direct interacting with functional pro-
teins such as VEGF-A or acting as a CeRNA 
to modulate the expression of miRNA, such as 
miR-93/RhoC pathway24,25. However, the role of 
lncRNA TDRG1 in cervical cancer is still under 
investigation.

MiRNAs refer to small non-coding RNAs, 
which play important roles in tumorigenesis, 
development, and treatment outcome26. Previous 
researches27,28 showed that miR-330-5p exerts 
anti-tumor activity in several tumor types such 
as cutaneous malignant melanoma and glioblas-
toma. However, there is no report about the 
functions and regulation mechanisms of miR-
330-5p in cervical cancer.

We first detected the expression of lncRNA 
TDRG1 in cervical cancer tissues and cells. 
Then, lncRNA TDRG1 was knocked down by 
siRNA transfection to determine its function in 
human HeLa and SIHA cells. Next, we used lu-
ciferase reporter assay, RIP assay, and RNA pull-
down assay to identify target miRNAs and corre-
sponding regulatory proteins of lncRNA TDRG1 
in cervical cancer cells. Finally, we verified our 
results in vivo by using a mouse xenograft model.

Material and Methods

Tissue Samples 
Human cervical cancer tissue sections, includ-

ing cervical tumor tissues (n=30) and para-carcino-
ma tissues (n=30), were obtained from the second 
affiliated hospital of the Zhengzhou University. 
The cervical cancer patients underwent no prior 

chemotherapy, immunotherapy, or radiotherapy 
before tumor excision. All experimental protocols 
were approved by the Second Affiliated Hospital 
of Zhengzhou University Ethics Committee.

Cell Culture and Transfection
Immortalized human cervical squamous cell 

line Ect1/E6E7 and human cervical cancer cell 
lines, HeLa, CASKI, and SIHA, were obtained 
from the Cell Bank of The Chinese Academy 
of Sciences (Shanghai, China). The cells were 
cultured in DMEM medium containing 10% fe-
tal bovine serum (FBS) at 37°C in a humidified 
atmosphere containing 5% CO2.

The cell transfection was performed using 
Lipofectamine 2000 (Thermo Fisher Scientific, 
Waltham, MA, USA) following the manufactur-
er’s protocol.

QRT-PCR Assay
Total RNA of tumor tissues, para-carcinoma tis-

sues or cell lines was isolated using TRIzol reagent 
(Invitrogen, CA, USA) and cDNA was then syn-
thesized using the reverse transcription kit (Takara, 
Otsu, Shiga, Japan). The mRNA expression was 
measured by using an FTC-3000 real-time quanti-
tative thermal cycler (Funglyn Biotech Inc., Shang-
hai, China). The primer sequences were as follows: 
lncRNA TDRG1, 5’-TCTTCCCTGGCTTGGC-3′(-
forward); 5’-TGGGCTCTTTCGT GGC-3’ (reverse); 
GAPDH, 5’-GTCAACGGATTTGGTCTGTATT-3’ 
(forward) and 5’-AGTCTTCTGGGTGGCAGT-
GAT-3’ (reverse). All mRNA expression was nor-
malized to GAPDH. The 2−ΔΔCt method was used 
for gene expression quantification.

Cell Proliferation Analysis
Cell proliferation was performed by MTT as-

say and colony formation assay. After transfect-
ed with siRNAs for 24 h, cells were seeded into 
a 96-well plate with 5000 cells per well. At dif-
ferent time points, cells were added with MTT 
(5 mg/ml) solution and incubated for 4h, and 
OD values at 570 nm were measured to deter-
mine the cell viability. For colony formation as-
say, HeLa or SIHA cells (about 300 cells) were 
plated into a 6 cm dish. The cells were normally 
cultured for 14 days. Then, cell colonies were 
imaged and counted. All investigations were 
performed in triplicate with quadruplicates.

Cell Invasion and Migration Analysis
For transwell invasion assay, 2 × 105 cells in 

serum-free medium were added into transwell 



TDRG1 promotes cervical cancer by miR-330-5p/ ELK1

7297

inserts (8 μm; BD Biosciences, Franklin Lakes, 
NJ, USA) with Matrigel-coated membrane. A 
medium with 20% FBS was added to the lower 
chamber as a chemo-attachment. After 48 h, the 
residual cells on the upper surface of the tran-
swell membrane were wiped off, and invasive 
cells were fixed with methanol, stained with 1% 
crystal violet. Next, the cells were imaged and 
counted under a microscope. For the scratch as-
say, 3.5 × 105 cells were cultured in a 6-well plate 
until 100% confluent. Then, a single-line scratch 
was created by using a 200 ml pipette tip, and 
detached cells were washed away. The cell mono-
layer was photographed at 0 h and 24 h

Flow Cytometry Analysis for Cell Cycle 
and Apoptosis

For the cell cycle, after transfection with siR-
NAs for 48 h, the cells were collected and incu-
bated in pre-cooled 70% ethanol at –20°C. The 
cells were collected by centrifugation, resuspend-
ed in pre-cooled phosphate-buffered saline (PBS) 
to 1.0×106/ml and incubated with RNase A (final 
concentration 1 mg/ml) for 30 min. After incuba-
tion with the propidium iodide (PI) solution (final 
concentration 50 mg/mL) in the dark for 30 min, 
the cell cycle was analyzed by flow cytometry. 

Cell apoptosis was measured by a FITC/PI 
Apoptosis Kit (Thermo Fisher Scientific, Waltham, 
MA, USA). After transfection with siRNAs for 
48 h, the cells were collected and resuspended in 
Annexin V binding buffer (5×106/ml). Cells were 
then mixed with Annexin V/FITC for 5 min in 
the dark. Then, the cell solution was added with 
10 μl PI dye and 400 μl PBS. Flow cytometry 
was performed for apoptosis analysis. 

Dual-Luciferase Reporter Assay
For lncRNA TDRG1 and miR-330-5p, miR-

330-5p mimic or NC mimic was co-transfect-
ed with pmirGlo-NC, pmirGlo-TDRG1-mut, or 
pmirGlo-TDRG1-wt into human HeLa cells. 
For miR-330-5p and ELK1, miR-330-5p mimic 
or NC mimic was co-transfected with pmir-
Glo-NC, pmirGlo-ELK1-3’UTR-wt or pmiRGlo-
ELK1-3’UTR-mut into human HeLa cells. The 
relative luciferase activities were determined us-
ing a Dual-Luciferase reporter assay kit (Prome-
ga, Madison, WI, USA).

RNA-Binding Protein 
Immunoprecipitation (RIP) Assay

RNA immunoprecipitation was performed 
using an RNA Immunoprecipitation Kit (Mil-

lipore, Billerica, MA, USA) following the man-
ufacturer’s protocol. The magnetic beads were 
combined with Anti-AGO2 or IgG (Millipore, 
Billerica, MA, USA). Immunoprecipitated RNAs 
were subjected to the qRT-PCR analysis. The to-
tal RNAs were the input controls.

RNA Pull-Down Assay
Human HeLa cells were transfected with bio-

tin-labeled negative control, biotin-labeled miR-
330-5p, biotin-labeled miR-330-5p-Mut for 48 h. 
The whole-cell extraction was incubated with 
M-280 streptavidin magnetic beads (Invitrogen, 
Carlsbad, CA, USA) at 4°C for 4 h. Then, the 
coprecipitated RNA was isolated by using lysis 
buffer containing proteinase K (Invitrogen, Carls-
bad, CA, USA) and 10% sodium dodecyl sul-
phate (SDS) and detected by qRT-PCR analysis. 

Western Blot
After transfection for 48 h, total proteins of 

cells were extracted using radioimmunoprecip-
itation assay (RIPA) buffer (Shenneng Bocai, 
Biotechnology, Shanghai, China). The protein 
concentration was measured using a bicin-
choninic acid (BCA) method. Then, 20 mg of 
protein was separated by using sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis 
(SDS-PAGE). Immunodetection was performed 
with standard techniques. Antibodies to ELK1 
and glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) were purchased from Cell Signaling 
Technology (Leiden, the Netherlands). The vi-
sualization of protein bands visualized by an 
electrochemiluminescence (ECL) development 
system. The quantification of protein densities 
was performed using the ImageJ software. 

Animal Studies
All animal studies were approved by the sec-

ond affiliated hospital of the Zhengzhou Uni-
versity Ethics Committee. The female BALB/c 
nude mice (4-6 weeks) were purchased from 
Shanghai LAC Laboratory Animal Co. Ltd. 
(Shanghai, China). HeLa cells were transfected 
with shRNA-Ctrl or shTDRG1 and injected into 
the posterior flank of mice subcutaneously. The 
tumor volume was monitored at indicated time 
points. Finally, the mice were executed by cervi-
cal dislocation, and tumors were resected.

Immunohistochemistry (IHC) Analysis
Paraffin‑embedded tumor blocks were cut into 

sections with 4 μm thickness. Deparaffinization, 
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rehydration, and antigen retrieval (microwave, 
30 min) were performed before incubation with 
anti-ALK1 or anti-Ki67 (20 min, 1:500). The 
tumor sections were next developed by using 
a DAB method. After doubled staining with 
hematoxylin, dehydration with gradient ethanol, 
and mounting with neutral resins, tissue sections 
were observed and imaged in 5 random fields at 
a microscope. 

Statistical Analysis
Data are expressed as the mean ± SD from at 

least 3 independent repeats. Statistical analysis 
was performed using GraphPad Prism 7 soft-
ware. Comparison between groups was made 
by using the double-sided Student’s t-test. Com-
parisons among multiple groups were analyzed 
using one-way analysis of variance (ANOVA) 
with a Bonferroni’s post-test. *p<0.05, **p<0.01 
and ***p<0.001.

Results

LncRNA TDRG1 is Up-Regulated in 
Cervical Cancer Tissues and Cells

The qRT-PCR assay was used to detect the 
expression of lncRNA TDRG1 in cervical can-
cer tissues and cells. As shown in Figure 1A, 
the expression of lncRNA TDRG1 in cervical 
cancer tissues was significantly higher than that 
in normal controls (p<0.0001). Moreover, the 
expression of lncRNA TDRG1 was also sig-
nificantly up-regulated in HeLa, CASKI, SIHA 
cells compared with normal Ect1/E6E7 cervical 
cells (Figure 1B). 

Down-Regulation of LncRNA TDRG1 
Inhibits Cervical Cancer Cell 
Proliferation and Migration

To investigate the function of lncRNA TDRG1 
in cervical cancer, we down-regulated lncRNA 
TDRG1 in HeLa and SIHA cells using the siR-
NA transfection. QRT-PCR results showed that 
lncRNA TDRG1 was effectively knocked down 
by si-TDRG1 (Figure 2A). siTDRG1#3 for He-
La and siTDRG1#1 for SIHA were selected for 
the following experiments due to the higher in-
terference efficiency. Cell proliferation analysis 
results indicated that the cell viability of He-
La and SIHA cells was significantly inhibited 
by the lncRNA TDRG1 silencing (Figure 2B 
and C). Scratch assay and transwell assay re-
sults also demonstrated that the migration and 
invasion rates were significantly decreased in 
lncRNA TDRG1 silenced cells compared with 
siNC groups (Figure 2D and E). Moreover, 
cells were also arrested in the G1 phase of 
the cell cycle by TDRG1 knockdown (Figure 
2F), indicating by flow cytometry analysis. Cell 
apoptosis analysis by flow cytometry showed 
that the percentage of apoptotic cells was in-
creased from (12.80±2.85)% in siNC group to 
(36.8±2.08)% in the siTDRG1 group in HeLa 
cells and (33.5±1.05)% to (53±2.15)% in SIHA 
cells (Figure 2G).

LncRNA TDRG1 Acts as a CeRNA by 
Competitively Binding to MiR-330-5p 

Researches show that lncRNAs could compet-
itively bind to miRNAs through complementa-
ry sequences to downregulate their expression, 

Figure 1. LncRNA TDRG1 is up-regulated in human cervical cancer tissues and cell lines. A, LncRNA TDRG1 expression in 
human cervical cancer tissues (n=30) compared with paired para-carcinoma tissues (n=30). B, Expression of lncRNA TDRG1 
in HeLa, CASKI, and SIHA compared with normal cervical Ect1/E6E7 cells. LncRNA TDRG1 expression was detected by 
qRT-PCR assay. *p<0.05, **p<0.01 and ***p<0.001.
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which was defined as CeRNAs29-31. We used 
Starbase v2.0 and TargetScan to predict the 
possible target miRNA of lncRNA TDRG1. As 
shown in Figure 3A, miR-330-5p could poten-
tially interact with lncRNA TDRG1. To verify 
the binding relation between miR-330-5p and 
lncRNA TDRG1, we conducted Dual-Lucifer-
ase reporter assays in HeLa cells. The results 
suggested that lncRNA TDRG1 was effectively 
up-regulated by lncRNA TDRG1 reporter vector 
(Figure 3B left). MiR-330-5p mimic reduced the 
luciferase activity of the lncRNA TDRG1 re-

porter vector compared with NC group, and this 
reduction disappeared when the target site on 
lncRNA TDRG1 was mutated (Figure 3B right). 
MiRNAs usually exert their function by form-
ing RNA-induced silencing complex (RISC), of 
which Ago2 is a core component32. To deter-
mine whether lncRNA TDRG1 formed a RISC 
with miR-330-5p, we performed a RIP assay by 
using an Ago2 antibody. As shown in Figure 3C, 
the result showed that miR-330-5p was enriched 
by Ago2 antibody in lncRNA TDRG1 overex-
pressing cells. In addition, miRNA pull-down 

Figure 2. Knockdown of lncRNA TDRG1 inhibits human cervical cancer in vitro. A, LncRNA TDRG1 was knocked down 
in human HeLa and SIHA cells by transfection with si-TDRG1; The interference efficiencies were determined by qRT-PCR 
assay. (B) and (C) Effects of lncRNA TDRG1 on the proliferation of HeLa and SIHA cells were tested by MTT assay and 
colony formation assay (Magnification, 40X). D, Cell migration was tested by scratch assay in lncRNA TDRG1 silenced 
HeLa and SIHA cells (Magnification, 200X). E, Transwell assay was performed to detect cell invasion of HeLa and SIHA 
cells (Magnification, 200X). F, Flow cytometry analysis was conducted for analysis of cell cycle of HeLa and SIHA cells. G, 
Apoptosis percentage was determined by using flow cytometry analysis. *p<0.05, **p<0.01 and ***p<0.001.

A B C
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G  
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assays indicated that lncRNA TDRG1 could be 
pulled down by miR-330-5p (Figure 3D). Since 
lncRNAs could down-regulate the expression of 
their target miRNAs via sponge effect, we per-
formed a correlation analysis of the expression 
levels of miR-330-5p and TDRG1 in cervical 
cancer samples by using qRT-PCR. The results 
showed that lncRNA TDRG1 transcript level 
was negatively correlated with miR-330-5p tran-
script level (Figure 3E).

Taken together, these data suggest that ln-
cRNA TDRG1 may act as a CeRNA via binding 
with miR-330-5p in cervical cancer.

MiR-330-5p targets ELK1 and 
Down-Regulates its Expression 

We further used the bioinformatics algo-
rithms TargetScan to predict the downstream 
target of miR-330-5p. As shown in Figure 4A, 
miR-330-5p could potentially bind to the 3’ un-
translated region (3’ UTR) of ELK1. Luciferase 
reporter assays indicated that miR-330-5p mimic 

significantly reduced the luciferase activity of 
the wildtype 3’-UTR of ELK1 (ELK1-wt), but 
had no effect on the mutant 3’-UTR of ELK1 
(ELK1-mut), which suggested a direct interac-
tion between miR-330-5p and ELK1 (Figure 
4A). To investigate the effect of miR-330-5p and 
lncRNA TDRG1 on ELK1 protein expression, 
we performed overexpression and knockdown 
assays. As shown in Figure 4B, the miR-330-5p 
mimic down-regulated ELK1 protein expression 
while miR-330-5p inhibitor up-regulates ELK1 
in human cervical cancer HeLa and SIHA cells. 
In addition, ELK1 expression was increased by 
lncRNA TDRG1 (Figure 4C). The result in Fig-
ure 4D showed that the expression of ELK1 
was positively correlated with lncRNA TDRG1 
whereas negatively with miR-330-5p.

Taken together, these data suggest that ELK1 
was a direct target of miR-330-5p, and its ex-
pression was down-regulated by miR-330-5p. 
Moreover, ELK1 expression was enhanced by 
lncRNA TDRG1in human cervical cancer cells.

Figure 3. LncRNA TDRG1 functions as a CeRNA by competitively binding to miR-330-5p. A, Binding site of miR-330-5p in 
lncRNA TDRG1 was predicted by Starbase v2.0 and TargetScan. B, Dual luciferase reporter assays demonstrating that miR-
330-5p was the target of lncRNA TDRG1; Left, lncRNA TDRG1 was effectively up-regulated by lncRNA TDRG1 reporter 
vector; Right, miR-330-5p mimic reduced the luciferase activity of the lncRNA TDRG1 wild type (TDRG1-wt) while had 
no effect on lncRNA TDRG1 mutant type (TDRG1-mut). C, RIP assay using anti-Ago2 antibody demonstrated that lncRNA 
TDRG1 and miR-330-5p formed a RNA-induced silencing complex (RISC). D, RNA pull-down assay indicated that lncRNA 
TDRG1 could be enriched by biotin-labelled miR-330-5p but not biotin-labelled miR-330-5p mutant type. E, Correlation 
between lncRNA TDRG1 expression and miR-330-5p expression in human cervical cancer tissues were determined by using 
qRT-PCR assay. *p<0.05, **p<0.01 and ***p<0.001.

A B
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LncRNA TDRG1 Promotes the 
Proliferation and Migration of Cervical 
Cancer Cells Through Regulation 
of MiR-330-5p

Since lncRNA TDRG1 functions as a CeR-
NA of miR-330-5p, we performed rescue experi-
ments to investigate whether miR-330-5p was in-
volved in lncRNA TDRG1-mediated cell activity 
change. To determine the function of miR-330-5p 
in human cervical cancer cells, we transfected 

miR-330-5p-inhibitor into HeLa and SIHA cells 
to down-regulation of miR-330-5p. For rescue 
experiments, miR-330-5p-inhibitor and si-TDRG1 
were co-transfected into HeLa and SIHA cells. 
Intriguingly, miR-330-5p-inhibitor promoted cell 
proliferation, migration, invasion, and cell cycle 
arrest, as well as decreased cell apoptosis in both 
HeLa and SIHA cells (Figures 5 and 6). Co-trans-
fection of si-TRDG1 and miR-330-5p-inhibitor 
reversed the si-TDRG1-INDUCED inhibition of 

Figure 4. MiR-330-5p directly targets ELK1 and ELK1 expression was regulated by lncRNA TDRG1/miR-330-5p axis. 
A, Binding site of miR-330-5p and ELK1 3’UTR region was predicted by TargetScan. B, ELK1 expression was inhibited by 
overexpression of miR-330-5p and promoted by knockdown of miR-330-5p; ELK1 expression was detected by western blot. 
C, ELK1 expression was promoted by overexpression of lncRNA TDRG1 and down-regulated by knockdown of lncRNA 
TDRG1; ELK1 expression was detected by western blot. D, Correlation between ELK1 and lncRNA TDRG1 or miR-330-5p 
was analyzed in human cervical cancer tissues. *p<0.05, **p<0.01 and ***p<0.001.

A B

C D
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proliferation and cell cycle arrest (Figure 5A-C). 
Moreover, cell apoptosis analysis indicated that 
miR-330-5p-inhibitor decreased cell apoptosis 
induced by siTDRG1 (Figure 6A). Scratch and 
transwell assays revealed that miR-330-5p-inhib-
itor significantly reversed the inhibitory effect of 
si-TDRG1 on cell migration and invasion in HeLa 
and SIHA cells (Figure 6B and C). 

Altogether, these results demonstrated that 
lncRNA TDRG1 promotes proliferation, metas-
tasis, cell cycle, and inhibits apoptosis in human 
cervical cancer cells through down-regulating of 
miR-330-5p.

Knockdown of LncRNA TDRG1 
Inhibited Cervical Cancer Growth 
by Regulating MiR-330-5p/ELK1 
axis In Vivo

To validate the function of lncRNA TDRG1 
in vivo, a xenograft model was established 

in nude mice. shRNA-TDRG1 or shRNA-Ctrl 
transfected human HeLa cervical cancer cells 
were injected subcutaneously into the nude 
mice. Tumor growth and tumor size were 
monitored and measured regularly. We ob-
served that knockdown of lncRNA TDRG1 
significantly inhibited tumor growth compared 
with an shRNA-Ctrl group (Figure 7A and 
B, p<0.05). Moreover, the qRT-PCR analysis 
suggested that the expression of miR-330-5p 
was significantly elevated in the cervical tu-
mor when lncRNA TDRG1 was down-regulat-
ed (Figure 7C). IHC staining showed that the 
expression of ELK1 and Ki67 was significantly 
inhibited by knockdown of lncRNA TDRG1 
(Figure 7D). Taken together, these data suggest 
that knockdown of lncRNA TDRG1 inhibits 
cervical tumor growth by regulating miR-330-
5p/ELK1 axis, which was consistent with our 
findings in vitro.

Figure 5. LncRNA TRDG1-induced cell activity changes ware mediated by miR-330-5p. HeLa and SIHA cells were co-
transfected with NC-inh + siNC, NC-inh + si-TDRG1, miR-330-5p-inh + siNC or miR-330-5p-inh + si-TDRG1. Transfection 
with miR-330-5p-inh rescued the ability of cell proliferation (A), colony formation (B, magnification, 40X), cell cycle (C) by 
si-TDRG1. *p<0.05, **p<0.01 and ***p<0.001.

A B

C
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Discussion

Cervical cancer is the second most common 
cancer among women1. Although great ad-
vancements have been made in the early diag-
nosis; however, the prognosis for patients with 
advanced cervical cancer still remains poor33. 
Scientists have been committed to identifying 
effective prognostic markers for cervical cancer. 
LncRNAs have been identified to be abnormally 
expressed and play important roles in the pro-
gression of numerous carcinomas, including cer-
vical cancer12,13. For example, down-regulation 
of lncRNA UCA1 suppresses cell growth and 
movements of cervical cancer cells through reg-
ulation of miR-206 expression34. LncRNA TUG1 
was significantly up-regulated in cervical tumor 
tissues and promoted proliferation and epithe-
lial-mesenchymal transition (EMT) of cervical 
cancer cells35. LncRNA PCAT6 regulates cell 

growth and metastasis via the Wnt/beta-caten-
in pathway and serves as a prognosis marker 
in cervical cancer36. However, the function and 
regulating mechanism of lncRNA TDRG1 in 
cervical cancer remain unknown. Here we re-
ported that lncRNA TDRG1 was up-regulated 
in cervical cancer tissues and cell lines. Func-
tion analysis suggested that down-regulation of 
lncRNA TDRG1 inhibited proliferation, migra-
tion, and invasion of cervical cancer cells by 
inducing apoptosis and cell cycle arrest. We 
further investigated the role of lncRNA TDRG1 
in human cervical cancer in vivo by using a xe-
nograft tumor model. The results suggested that 
lncRNA TDRG1 knockdown inhibits cervical 
tumor growth, which was consistent with our in 
vitro findings in the cell. 

Studies37,38 have found that lncRNAs contain 
miRNAs binding sites and act as CeRNAs to 
sponge miRNAs to antagonize their function. 

Figure 6. LncRNA TRDG1-induced cell activity changes were mediated by miR-330-5p. HeLa and SIHA cells were co-
transfected with NC-inh + siNC, NC-inh + si-TDRG1, miR-330-5p-inh + siNC or miR-330-5p-inh + si-TDRG1. Transfection 
with miR-330-5p-inh rescued the ability of (A) Cell apoptosis induced by si-TDRG1. (B) cell migration (C) cell invasion 
inhibited by si-TDRG1. Magnification, 200X. *p<0.05, **p<0.01 and ***p<0.001.

A

B C
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For example, lncRNA WT1-AS has been found 
to inhibit cervical cancer metastasis via regu-
lation of the miR-203a-5p/FOXN2 axis39. Chen 
et al24 have found that lncRNA TDRG1 could 
down-regulate miR-93 by acting as a CeRNA 
mechanism and further induces RhoC expres-
sion in epithelial ovarian cancer. In this work, 
we predicted the potential binding site of miR-
330-5p on lncRNA TDRG1 by bioinformatics 
software. Then, we identified miR-330-5p as the 
target miRNA of lncRNA TDRG1 in cervical 
cancer cells by dual luciferase assay and mR-
NA-pull down assay. Previous studies27,28 show 
that miR-330-5p functions as a tumor suppress 
gene in several carcinomas such as cutaneous 
malignant melanoma and glioblastoma. Fur-
thermore, miR-330-5p was also found to be 
down-regulated in cervical cancer tissues ac-
cording to the Cancer Genome Atlas (TCGA) 
data. Therefore, we speculated that miR-330-
5p also played a suppressive role in cervical 
cancer. Next, we further identified ELK1 as a 
target gene of miR-330-5p in cervical cancer 
cells through bioinformatics analysis. ELK1 is a 
transcription activator that modulates a variety 

of genes involved in proliferation and metasta-
sis such as proto-oncogene c-fos, MMP9, and 
MMP240,41. Indeed, ELK1 has been reported42 to 
function as an oncogene in several carcinomas 
such as bladder cancer. In our studies, we found 
that lncRNA TDRG1 up-regulates miR-330-5p 
to increase ELK1 expression. Rescue experi-
ments indicated that lncRNA TDRG1 promotes 
proliferation and migration of cervical cancer 
cells through down-regulation of miR-330-5p.

Conclusions

For the first time, these results demonstrat-
ed that lncRNA TDRG1 promoted proliferation, 
migration, and invasion of cervical cell in vitro. 
Also, it promoted tumorgenicity in vivo of cervi-
cal cancer by targeting miR-330-5p and up-reg-
ulation of ELK1, which revealed the molecular 
mechanism of lncRNA TDRG1 in the develop-
ment and progression of cervical cancer. Thus, 
our results suggested that lncRNA TDRG1 has 
the potential to be explored as a prognostic bio-
marker for cervical cancer. 

Figure 7. Knockdown of lncRNA TDRG1 inhibited cervical tumor growth by regulating miR-330-5p/ELK1 axis in vivo. 
shRNA-Ctrl or shRNA-TDRG1 transfected HeLa cells were implanted subcutaneously to establish a xenograft model in nude 
mice. A, Left, photograph of resected tumors; right, tumor growth curve. B, Average tumor weights. C, MiR-330-5p expression 
in xenograft tumors was detected by qRT-PCR assay. D, Expression of ELK1 and Ki67 in xenograft tumors was detected by 
IHC analysis. Magnification, 100X. *p<0.05, **p<0.01 and ***p<0.001.
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