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Purpose: Cervical cancer is the second most prevalent female malignance, and human 
papillomavirus (HPV) infection is the main pathogenic factor of cervical cancer. Emerging 
evidence has revealed that a number of long non-coding RNAs (lncRNAs) play critical roles 
in the tumorigenesis and progression of cervical cancer. The aim of this study was to further 
investigate the precise role of lncRNA LINC00511 in HPV-negative and HPV-positive 
cervical cancer cells and explore the potential regulatory mechanism.
Methods: The expression of LINC00511 in cervical cancer and cell lines was examined by 
RT-PCR. Fluorescence in situ hybridization analysis (FISH) assay was performed to detect 
the localization of LINC00511 in cervical cancer cells. Loss-of-function experiments of 
LINC00511 by siRNA interference were performed to assess its effects on HPV-negative 
and HPV-positive cervical cancer cells. Dual-luciferase reporter and RNA immunoprecipita-
tion (RIP) assays were used to identify the target of LINC00511. Relative expression of 
related proteins was detected using Western blot.
Results: Herein, the results showed that LINC00511 was significantly up-regulated in cervical 
cancer and cell lines and mainly distributed in the cytoplasm of cervical cancer cells. Loss-of- 
function experiments indicated that silencing of LINC00511 inhibited the proliferation and 
invasion of both HPV-negative and HPV-positive cervical cancer cells, as well as promoted 
apoptosis by regulating the Bcl-2/Bax axis and Caspase 3 activation. Bioinformatic analysis, 
dual-luciferase reporter, and RIP assays showed that LINC00511 was a target of miR-324-5p, 
while DRAM1 was a direct target of miR-324-5p. The expression of miR-324-5p was down- 
regulated in cervical cancer, while the expression of DRAM1 was up-regulated. Moreover, the 
expression of LINC00511 was negatively correlated with miR-324-5p expression in cervical 
cancer tissues and positively correlated with DRAM1. Further, DRAM1 overexpression pro-
moted both HPV-negative and HPV-positive cervical cancer cell proliferation and invasion, 
which could be reversed by miR-324-5p mimics or si-LINC00511.
Conclusion: Collectively, these results suggest that LINC00511 functions as a competing 
endogenous RNA (ceRNA) to regulate the miR-324-5p/DRAM1 axis, leading to HPV- 
negative and HPV-positive cervical cancer aggravation.
Keywords: cervical cancer, LINC00511, HPV-negative, HPV-positive, miR-324-5p, DRAM1

Introduction
Cervical cancer is the second most prevalent female malignance, with the highest 
incidence rate of gynecological cancer in recent years.1 In 2018, this malignance 
has caused 569,847 new cases and 311,365 deaths in the world.2 Although surgery 
and radiotherapy can effectively eliminate cervical tumors in situ, but for those in 
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advanced stages, especially for patients with metastatic 
tumors, the effect is very limited.3 It is reported that the 
5-year survival rate of patients with advanced cervical 
cancer is less than 40%, mainly due to tumor metastasis 
and recurrence.4,5 Human papillomavirus (HPV) infection 
is the main pathogenic factor of cervical cancer and the 
main content of early diagnosis, but nearly 15% of patients 
are HPV-negative.6,7 Therefore, further study is required to 
reveal the molecular mechanism of the occurrence and 
development of cervical cancer and identify novel thera-
peutic targets of HPV-positive and HPV-negative cervical 
cancer.

It has been substantially certified that long non-coding 
RNAs (lncRNAs), which are pervasively observed in the 
eukaryote genome, are frequently dysregulated in cancers.-
8 Plenty of lncRNAs regulate gene expression involving 
cancer cellular process, including proliferation, apoptosis, 
invasion, survival, and drug resistance, thereby participat-
ing in tumorigenesis and development.9,10 Previous studies 
have revealed a number of lncRNAs affect the growth and 
metastasis of cervical cancer, which means they can then 
serve as potential biomarkers or prognostic markers.11–14 

LncRNA LINC00511 is reported to be up-regulated in 
various cancers, such as hepatocellular carcinoma,15 gas-
tric cancer16 and ovarian cancer,17 exerting an oncogenic 
role in tumor progression.15–19 Recently, LINC00511 was 
revealed to be up-regulated in cervical cancer tissues and 
positively correlated with malignancy of cervical cancer, 
as well as poor prognosis of patients.20 In non-small cell 
lung cancer (NSCLC), LINC00511 has been reported to 
down-regulate LATS2 and KLF2 by binding to EZH1 and 
LSD1, promoting the progression of NSCLC.21 Jiang L 
et al reveal that silencing of LINC00511 could suppress 
TGF-β1-induced migration and invasion in lung cancer.22 

Shi et al report that LINC00511 knockdown inhibits the 
proliferation and promotes apoptosis and autophagy of 
HeLa cells.23 However, it is unclear whether LINC00511 
performs similar functions in cervical cancer cells, parti-
cularly in HPV-negative cells, as it has not been studied.

In the present study, we aimed to investigate the pre-
cise role of LINC00511 in both HPV-negative and HPV- 
positive cervical cancer cells, and explore the potential 
regulatory mechanism. Our data elucidated that 
LINC00511 accelerated the proliferation and invasion of 
both HPV-negative/-positive cervical cancer cells, and 
served as a competing endogenous RNA (ceRNA) to reg-
ulate DRAM1 by sponging up miR-324-5p.

Materials and Methods
Gene Expression Profiling Interactive 
Analysis (GEPIA)
The GEPIA (http://gepia.cancer-pku.cn/index.html) data-
base is an interactive web server for analyzing the RNA 
sequencing expression data of 9736 tumors and 8587 
normal samples from the TCGA and the GTEx projects, 
using a standard processing pipeline.24 We analyzed the 
expression of LINC00511 in cervical squamous cell carci-
noma and endocervical adenocarcinoma (CESC; n = 306) 
tissues and normal tissues (n = 13).

Human Tissue Samples
A total of 19 pairs of cervical cancer and paracancerous 
tissues were collected from The First Affiliated Hospital of 
Jinzhou Medical University Hospital from March 2017 to 
April 2019. All specimens were frozen in liquid nitrogen 
and stored at −80 °C. All patients did not receive radio-
therapy and chemotherapy before operation, and signed 
informed consent. This study was allowed by the 
Institutional Review Committee (No. KYLL202013).

Cell Culture and Transfection
Human cervical cancer cell lines SiHa (HPV-positive), 
CaSki (HPV-positive) and C33A (HPV-negative) and nor-
mal cervical epithelial cells (HUCEC) were obtained from 
Cell Bank of Chinese Academy of Sciences (Shanghai, 
China), HEK293T cells were obtained from American 
Type Culture Collection (Manassas, VA, USA). Cells 
were routinely cultured at 37 °C in DMEM medium 
(Gibco, USA) containing 10% FBS. The siRNA targeting 
LINC00511 (si-LINC00511; 50 nM; 
Cat#siB150715110235; Ribobio, Guangzhou, China) was 
transfected into cervical cancer cells to knock down its 
expression, siRNA control (50 nM; Cat#siN0000001; 
Ribobio) was used as negative control (NC), and cells 
without any treatment were mock group. miR-324-5p 
mimics (Cat# miR10000761; 50 nM), miR-NC (50 nM), 
pcDNA3.1-LINC00511 (2.5 μg), and pcDNA3.1-DRAM1 
(2.5 μg) were also obtained from Ribobio.

Cells were incubated in a 6-well plate at a density of 
3×105 cells/well and transfection was performed using 
lipofectamine 2000 (Invitrogen, USA) when cells had a 
confluence of 60–80%. After stable transfection for 24 h, 
cells were collected for further experiments. The sequence 
of si-LINC00511 was as follows: si-LINC00511#1, 5ʹ- 
GCTCTGGAGTAACTATTCC-3ʹ; si-LINC00511#2, 5ʹ- 
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GTGGAGACAGAACGTTTGG-3ʹ. The sequence of 
siRNA control was 5ʹ-AATTCTCCGAACGTGTCA 
CGT-3ʹ.

Quantitative Real-Time PCR Analysis
Total RNA was isolated from cervical cancer cells or 
tissues using Trizol and reverse transcripted into cDNA 
using the cDNA Reverse Transcription Kit (Takara, 
Japan). The qRT-PCR reaction was performed using 
SYBR® Green Master Mix (TaKaRa). The obtained data 
were analyzed using the 2−ΔΔCt method, the relative 
expression of the target gene was normalized to the NC 
group. GAPDH or U6 was used as the control for 
LINC00511, DRAM1 or miR-324-5p.

Fluorescence in situ Hybridization 
Analysis (FISH)
The FISH analysis was performed using the FISH kit 
(Ribobio) and LINC00511 FISH probe (Ribobio) accord-
ing to the instructions. Cover glasses were placed on the 
24-well plate (6×104 cells/well) with 85% cell confluence. 
After being fixed with 4% paraformaldehyde at room 
temperature for 10 min, the cells were permeabilized 
with 0.5% Triton X-100 in PBS. Subsequently, the cells 
were incubated in pre-hybridization buffer at 37 °C for 30 
min. Discarded pre-hybridization buffer and cells were 
incubated in hybridization buffer containing probes at 37 
°C overnight in the dark. After washing 3 times with 
hybrid buffer at 42 °C in the dark, cells were stained 
with 4ʹ,6-diamidino-2-phenylindole for 10 min at room 
temperature in the dark. Finally, the coverslip was sealed 
with an anti-fluorescent quencher, and the fluorescence 
was observed under a fluorescence microscope 
(Olympus, Japan).

Cell Viability Assay
A Cell Counting Kit-8 (CCK8; Abcam, USA) was per-
formed to assess cell viability. Cells were transfected with 
siRNAs or vectors for 24 h and then seeded in a 96-well 
plate at a density of 1000 cells/well. Cell viability was 
detected at 0, 24, 48, and 72 h, respectively. Before detec-
tion, cells were incubated with 10 μL of CCK8 reagent at 
37 °C for 1.5 h. The OD value at 450 nm was measured 
using a microplate reader.

Colony Formation Assay
Following transfection for 24 h, cells were plated in 60- 
mm plates at a density of 500 cells/plate and incubated at 
37 °C for 10 days. After being fixed with 4% paraformal-
dehyde for 30 min, cells were stained with 0.1% crystal 
violet for 30 min. The number of colonies were then 
counted.

Transwell Invasion Assay
Following transfection of 24 h, cells were suspended in 
serum-free medium and 500 μL of cell suspension (3×104 

cells) were added in the upper chamber of Transwell 
chambers pre-coated with Matrigel (BD Biosciences, 
USA). The lower chambers were filled with 500 μL of 
medium containing 20% FBS. Following incubation for 24 
h at 37 °C, the invaded cells were fixed with 4% parafor-
maldehyde for 30 min and then stained with 0.1% crystal 
violet for 20 min. The number of invaded cells was 
counted and imaged under an inverted microscope 
(Magnification X100; Olympus).

Cell Apoptosis Assay
Cell apoptosis was analyzed using the flow cytometry with 
an Annexin V-FITC/PI Apoptosis Detection kit (Solarbio, 
Beijing, China). Cervical cancer cells with a transfection 
of 24 h were cultured in serum-free medium for another 24 
h. 1× 105 cells were stained with Annexin V/FITC for 5 
min in the dark and stained with PI. The percentage of 
apoptotic cells was detected by a flow cytometry 
(FACScan, Beckton Dickinson) and then analyzed by 
Flowjo software.

Western Blot Analysis
Total protein was extracted from cervical cells transfected 
for 48 h using RIPA (CWBIO, Beijing, China) and deter-
mined by a BCA kit (CWBIO). The protein from each 
sample was separated by 10% SDS-PAGE and transferred 
to PVDF membranes. After being blocked with 5% 
defatted milk for 1 h, the membranes were incubated 
with primary antibodies (Proteintech, USA) at 4°C over-
night. The members were then incubated with HRP-con-
jugated antibody for 1 h for immunoreaction, and the blot 
was visualized with an ECL Kit (CWBIO). Images were 
taken and analyzed by QUANTITY ONE software.
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Dual-Luciferase Reporter Assay
The wild-type (wt) fragment of LINC00511 or DREAM1 
was cloned into the luciferase reporter vector pmirGLO. 
The mutant (mut) fragment of LINC00511 or DREAM1 
binding sites was also cloned into the luciferase reporter 
vector pmirGLO. After co-transfection with pmirGLO- 
LINC00511-wt/-mut or pmirGLO-DRAM1-wt/-mut and 
miR-324-5p mimics or miR-NC into HK293T cells for 
48 h, the luciferase activity of each group was measured 
by the dual-luciferase reporter assay (Promega, USA).

RNA Immunoprecipitation (RIP)
An RNA-binding protein immunoprecipitation kit 
(Millipore, MA, USA) was used to unravel the interaction 
of LINC00511 and miR-324-5p to Ago2 protein in cervi-
cal cancer cells. Briefly, CaSki cells were lysed in RIP 
lysis buffer, cell lysates were then diluted with RIP buffer 
and incubated with anti-Ago2 antibody or anti-IgG coated 
on magnetic beads at 4 °C overnight. After being treated 
with Proteinase K at 55 °C for 30 min, the relative level of 
LINC00511 or miR-324-5p in the immunoprecipitate was 
measured by qRT-PCR assay.

Statistical Analysis
Data were expressed as the mean ± SD from more than 
three independent experiments and statistically analyzed 
by GraphPad Prism 7.0 software (GraphPad, CA, USA). 
Student’s t-test or one-way ANOVA was used to analyze 
the comparisons between groups. The relationship 
between LINC00511 and miR-324-5p or DRAM1 was 
analyzed by Pearson correlation analysis. P<0.05 was con-
sidered to be indicative of statistical significance.

Results
LINC00511 is Up-Regulated in Cervical 
Cancer Tissues and Cell Lines
To preliminarily investigate the expression of LINC00511 
in cervical cancer, we analyzed the expression of 
LINC00511 by the GEPIA.24 The results from the 
GEPIA database showed that the expression of 
LINC00511 in CESC tissues was significantly higher 
than that in normal tissues (Figure 1A). Subsequently, 
the expression of LINC00511 in 19 pairs of cervical can-
cer and paracancerous tissues was determined by qRT- 
PCR. As shown in Figure 1B, LINC00511 was signifi-
cantly highly expressed in cervical cancer tissues com-
pared with paracancerous tissues. In additionally, the 

expression of LINC00511 was remarkably up-regulated 
in HPV-positive SiHa and CaSki cells compared with 
HUCEC cells, and HPV-negative C33A cells also 
expressed a high level of LINC00511 (Figure 1C). 
Therefore, C33A and CaSki cells were selected for sub-
sequent experiments due to their higher expression of 
LINC00511. Moreover, FISH assay showed that 
LINC00511 was mainly distributed in the cytoplasm of 
C33A and CaSki cells (Figure 1D).

Silencing of LINC00511 Suppresses the 
Proliferation and Invasion of Cervical 
Cancer Cells
To evaluate the roles of LINC00511 in cervical cancer, 
C33A and CaSki cells were transfected with siRNAs (si- 
LINC00511#1, si-LINC00511#2) to silence the expression 
of LINC00511. As detected by qRT-PCR, the expression 
of LINC00511 was significantly inhibited by si- 
LINC00511 in both C33A and CaSki cells (Figure 2A 
and B). Results of the CCK8 assay showed that silencing 
of LINC00511 significantly decreased the proliferation 
abilities of both C33A (Figure 2C) and CaSki cells 
(Figure 2D). A colony formation assay further confirmed 
that LINC00511 knockdown suppressed the colony forma-
tion ability of C33A (Figure 2E) and CaSki cells 
(Figure 2F). Moreover, the transwell assay revealed that 
silencing of LINC00511 significantly inhibited the inva-
sion ability of C33A (Figure 2G) and CaSki (Figure 2H) 
cells compared with the corresponding control group. 
Collectively, these data suggested that LINC00511 exerted 
promoting effects on the proliferation and invasion of both 
HPV-positive and HPV-negative cervical cancer cells.

Silencing of LINC00511 Promotes 
Apoptosis in Cervical Cancer Cells
Flow cytometry assay illuminated that the percentage of 
apoptotic cells was significantly increased in both C33A 
(Figure 3A) and CaSki (Figure 3B) cells after LINC00511 
was down-regulated. Further, results of Western blot ana-
lysis showed that the expression of anti-apoptotic protein 
Bcl-2 was down-regulated in C33A and CaSki cells fol-
lowing the silencing of LINC00511, while the expression 
of pro-apoptotic proteins Bax and cleaved Caspase 3 was 
up-regulated (Figure 3C). These data indicated that 
LINC00511 knockdown induced apoptosis in both HPV- 
positive and HPV-negative cervical cancer cells by regu-
lating the Bcl-2/Bax axis and Caspase 3 activation. 
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Additionally, due to the similar effects of si-LINC00511#1 
and si-LINC00511#2, si-LINC00511#1 was used in the 
following experiments.

LINC00511 Serves as a Sponge of miR- 
324-5p in Cervical Cancer Cells
Since LINC00511 was mainly distributed in the cyto-
plasm of cervical cancer cells, inspired by the ceRNA 
hypothesis,25 we screened six candidate miRNAs (miR- 
150-5p, miR-105-5p, miR-324-5p, miR-624-3p, miR- 
2467-3p, and miR-4524-5p) which contained potential 
target sites for LINC00511 by Starbase. Dual-luciferase 
reporter assay showed that the luciferase activity of 
LINC00511 was significantly decreased in HEK293T 
cells transfected with miR-150-5p mimics, miR-324-5p 
mimics and miR-624-3p mimics (Figure 4A). Therefore, 
LINC00511 presented with the highest potential for 
binding to miR-324-5p. The binding sequence between 
LINC00511 (wild-type and mutant type) and miR-324- 
5p was shown in Figure 4B. Dual-luciferase reporter 
assays confirmed that miR-324-5p mimics obviously 
decreased the luciferase activity of LINC00511-wt, 

rather than LINC00511-mut (Figure 4C). RIP assay 
further manifested that LINC00511 and miR-324-5p 
were markedly enriched in Ago2-containing beads 
(Figure 4D). In addition, miR-324-5p expression was 
significantly increased in C33A and CaSki cells trans-
fected with si-LINC00511 compared with the control 
group (Figure 4E). The expression of miR-324-5p was 
significantly down-regulated in cervical cancer tissues 
(Figure 4F). Further, Spearman correlation analysis 
showed that miR-324-5p expression was negatively cor-
related with LINC00511 in cervical cancer tissues 
(Figure 4G). Collectively, these findings suggest that 
LINC00511 serves as an endogenous sponge for miR- 
324-5p in cervical cancer cells.

DRAM1 is a Target Gene of miR-324-5p 
in Cervical Cancer Cells
By Starbase database, the potential targets for miR-324-5p 
were predicted as SP1, USP2, ETS1, DRAM1, and MUL1. 
By RT-PCR analysis, we found that the expression of ETS1 
and DRAM1 mRNA was significantly decreased in CaSki 
cells transfected with miR-324-5p mimics, especially 

Figure 1 LINC00511 is up-regulated in cervical cancer tissues and cells. (A) Results from the GEPIA database showed the level of LINC00511 in cervical squamous 
cell carcinoma and endocervical adenocarcinoma (CESC) and normal tissues. Cancer (T) samples are shown in red and normal (N) in grey. TPM, transcripts per 
million. (B) qRT-PCR analysis was used to examine the level of LINC00511 in cervical cancer (n = 19) and paracancerous (n = 19) tissues. (C) Expression of 
LINC00511 in cervical cancer cells (C33A, SiHa, and Caski) and HUCEC cells. (D) Location of LINC00511 in CaSki and C33A cells detested by FISH (×400). Scale 
bars were 25 μm. *P<0.05, **P<0.01.
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DRAM1 (Figure 5A). Therefore, DRAM1 was identified as a 
potential target gene of miR-324-5p, and the binding sites of 
them are shown in Figure 5B. Moreover, dual-luciferase 
reporter assay indicated that the luciferase activity of 
DRAM1-wt was markedly decreased by miR-324-5p 
mimics, rather than DRAM1-mut (Figure 5C). Western blot 
analysis showed that the expression of DRAM1 protein was 
down-regulated by miR-324-5p mimics and up-regulated by 
LINC00511 overexpression in both C33A and CaSki cells, 
which was restored in the presence of miR-324-5p mimics 
and pcDNA3.1-LINC00511 (Figure 5D and E). Compared 
with paracancerous tissues, the expression of DRAM1 
mRNA was significantly up-regulated in cervical cancer tis-
sues (Figure 5F). Further, the expression of DRAM1 was 
negatively correlated with miR-324-5p in cervical cancer 

tissues (Figure 5G), and positively correlated with 
LINC00511 (Figure 5H). Collectively, DRAM1 was a direct 
target gene of miR-324-5p in cervical cancer.

LINC00511 Promotes the Proliferation 
and Invasion of Cervical Cancer Cells by 
Sponging miR-324-5p and Regulating 
DRAM1 Expression
Rescue assays were carried out to further study the effects 
of the LINC00511/miR-324-5p/DRAM1 axis on cervical 
cancer cell's proliferation and invasion. CCK8 assay 
revealed that transfection with pcDNA3.1-DRAM1 signif-
icantly increased the viability of C33A and CaSki cells, 
while this promotion was significantly rescued by miR- 
324-5p mimics or LINC00511 knockdown (Figure 6A and 

Figure 2 Silencing of LINC00511 suppresses the proliferation and invasion of cervical cancer cells. (A, B) Expression of LINC00511 was examined in C33A (A) and CaSki 
(B) cells after transfection with siRNAs. (C, D) CCK8 assay was used to assess C33A (C) and CaSki (D) cell proliferation. (E, F) Colony formation assay was performed to 
further assess C33A (E) and CaSki (F) cell proliferation. (G, H) The invasion of C33A (G) and CaSki (H) cells was examined using transwell assay. Scale bars were 100 μm. 
Mock, cells without any treatment; *P<0.05. 
Abbreviations: NC, cells transfected with siRNA-control; si-LINC00511, cells transfected with siRNA-LINC00511.
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B). Similarly, transwell assay showed that up-regulation of 
DRAM1 induced a significant increase of cell invasion in 
both C33A and CaSki cells, which was reversed by miR- 
324-5p mimics or si-LINC00511 (Figure 6C). Taken 
together, LINC00511 functions as a ceRNA to sponge 
miR-324-5p to regulate DRAM1 expression, promoting 
the proliferation and invasion of cervical cancer.

Discussion
The progression of cervical cancer is regulated by multi-
ple factors, among which HPV persistent infection is the 
main factor.26 Therefore, it is necessary to further 
explore the pathogenesis of HPV-positive/negative 

cervical cancer to develop novel cervical cancer diag-
nosis and treatment methods. An increasing number of 
studies show that lncRNAs are involved in the occur-
rence and development of cervical cancer.13,27,28 As a 
newly identified lncRNA, LINC00511 has been reported 
to be up-regulated in a variety of cancers. Sun et al 
demonstrate that the abundance of LINC00511 is up- 
regulated in colorectal cancer tissues and cell lines, and 
LINC00511 overexpression promotes the growth of col-
orectal cancer cells.18 Wang D et al claim that 
LINC00511 expression is positively correlated with 
advanced clinical characters of gastric cancer, and inhi-
bition of LINC00511 decreases tumor cell growth and 

Figure 3 Silencing of LINC00511 promotes apoptosis of cervical cancer cells. (A, B) The percentage of apoptotic C33A (A) and CaSki (B) cells after indicated transfection 
was evaluated by flow cytometry assay. (C) The expression of apoptosis-related proteins (Bcl-2, Bax and cleaved Caspase 3) was examined using Western blot. *P<0.05. 
Abbreviations: NC, cells transfected with siRNA-control; si-LINC00511, cells transfected with siRNA-LINC00511.
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invasion.16 Previous studies have revealed that 
LINC00511 is also up-regulated in cervical cancer and 
associated with poor prognosis, and serves as an onco-
gene gene in HPV-positive cervical cancer cells.20,23 

Herein, what we have in common with previous 
research was that LINC00511 was significantly up-regu-
lated in cervical cancer and promoted tumor develop-
ment. In addition, this study revealed, for the first time, 
the promoting effect of LINC00511 on HPV-negative 
cervical cancer cells. Our data showed that the silencing 
of LINC00511 inhibited the proliferation and invasion 
of both HPV-positive and HPV-negative cells, promoted 
apoptosis by regulating the Bcl-2/Bax axis and Caspase 
3 activation, indicating that LINC00511 acts as a tumor 
promoter in the progression of cervical cancer.

Shi et al reveal that LINC00511 regulates the 
expression of PLD1 via accumulation of transcription 
factor RXRA in the promoter region of the PLD1 in 
HeLa cells.23 In the present study, we confirmed that 
LINC00511 was mostly expressed in the cytoplasm of 
cervical cancer cells, which may function as a ceRNA. 
LINC00511 is also reported to amass in cytoplasm in 
gastric cancer29 and pancreatic adenocarcinoma cells.30 

With the help of Starbase, dual-luciferase reporter, and 
RIP assays, our data disclosed that LINC00511 func-
tioned as a sponge for miR-324-5p. Additionally, qRT- 
PCR analysis revealed that miR-324-5p expression was 
down-regulated in cervical cancer and negatively cor-
related with LINC00511 in cervical cancer. It has been 
reported that miR-324-5p inhibits the proliferation and 
invasion of colorectal cancer cells,31 and potentiates 
non-small cell lung cancer cell resistance to cisplatin.32 

Jiang H et al report that miR-324-5p is down-regulated 
in cervical cancer tissues, inhibits cell proliferation and 
invasion, and acts as a downstream target of lncRNA 
TPT1-AS1.33 Therefore, miR-324-5p might act as a 
tumor suppressor in cervical cancer and be involved 
in the promoting effects of LINC00511.

To further explore the mechanism of LINC00511 in 
cervical cancer, further study was performed to find out 
the downstream target of LINC00511/miR-324-5p. 
Previous studies have reported the LINC00511/miR- 
625-5p/NFIX axis in gastric cancer,29 LINC00511/miR- 
195/EYA1 axis in hepatocellular carcinoma15 and 
LINC00511/miR-185/STXBP4 axis in breast cancer.34 

Herein, we identified that DRAM1 was a direct target 

Figure 4 LINC00511 could bind with miR-324-5p in cervical cancer cells. (A) The relative luciferase activity of LINC00511 in CaSki cells after transfected with miRNAs 
mimics. (B) The predicted targeting sites between LINC00511 and miR-324-5p. (C) Dual-luciferase reporter assay was carried out to examine the relative luciferase activity 
in HEK293T cells after indicated transfection. (D) RIP assay was used to verify the association of LINC00511 and miR-324-5p with Ago2 in CaSki cells. (E) Expression of 
miR-324-5p in CaSki and C33A cells after LINC00511 was silenced. (F) Expression of miR-324-5p in cervical cancer (n = 19) and paracancerous (n = 19) tissues. (G) 
Correlation of LINC00511 and miR-324-5p expression in cervical cancer tissues. *P<0.05, **P<0.01. 
Abbreviations: NC, cells transfected with siRNA-control; si-LINC00511, cells transfected with siRNA-LINC00511; miR-NC, cells transfected with miRNA control; miR- 
324-5p mimics, cells transfected with miR-324-5p mimics.
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of miR-324-5p. Moreover, DRAM1 was significantly 
up-regulated in cervical cancer, its expression was nega-
tively correlated with miR-324-5p expression in cervical 
cancer and positively correlated with LINC00511 
expression, suggesting that DRAM1 may be involved 
in cervical cancer. DRAM1 is an evolutionarily con-
served protein, which functions as a target for p53- 
mediated autophagy and programmed cell death, playing 
critical roles in the tumor suppressive effects of p53.35– 

37 DRAM1 can regulate apoptosis by regulating 
autophagy38 and increasing protein levels and lysosomal 
localization of Bax.39 Emerging evidence reveals that 
DRAM1 is involved in the progression of cancers.40–42 

It has been revealed that DRAM1 regulates cell migra-
tion and invasion in glioblastoma stem cells by 

regulating autophagy.43 Chen C et al report that the 
silencing of DRAM1 inhibits the migration and invasion 
of HepG2 cells by autophagy-EMT pathway.40 Meng C 
et al indicate that DRAM1 functions as a target of miR- 
26b and inhibits irradiation-induced autophagy in MCF- 
7 cells.41 Consistently, our study revealed the oncogenic 
role of DRAM1 in both HPV-positive and HPV-negative 
cervical cancer cells, up-regulation of DRAM1 
enhanced the proliferation and invasion pf C33A and 
CaSki cells. Moreover, miR-324-5p mimics or the silen-
cing of LINC00511 could counteract the promoting 
effects of DRAM1 on cell proliferation and invasion. 
Therefore, these results strongly suggest that 
LINC00511 functions as a ceRNA to regulate the miR- 
324-5p/DRAM1 axis in cervical cancer cells. The 

Figure 5 DRAM1 is a direct target of miR-324-5p in cervical cancer cells. (A) Relative expression of SP1, USP2, ETS1, DRAM1, and MUL1 mRNA in CaSki cells 
transfected with miR-324-5p mimics. (B) The predicted targeting sites between DRAM1 and miR-324-5p. (C) Dual-luciferase reporter assay was carried out to 
examine the relative luciferase activity in HEK293T cells after indicated transfection. (D) Expression of DRAM1 protein was detected in C33A and CaSki cells 
transfected with miR-324-5p mimics, pcDNA3.1-LINC00511 or co-transfected with miR-324-5p mimics and pcDNA3.1-LINC00511. (E) Quantitative analysis of 
Western blot results. (F) Expression of DRAM1 mRNA in cervical cancer (n = 19) and paracancerous (n = 19) tissues. (G) Correlation of DRAM1 and miR-324-5p 
expression in cervical cancer tissues. (H) Correlation of LINC00511 and DRAM1 expression in cervical cancer tissues. *P<0.05, **P<0.01. 
Abbreviations: miR-NC, cells transfected with miRNA control; miR-324-5p mimics, cells transfected with miR-324-5p mimics.
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precise mechanism of DRAM1 in the proliferation and 
invasion of cervical cancer cells should be further 
explored in the future.

Conclusion
To sum up, our findings manifested that LINC00511 func-
tions as an oncogene in both HPV-positive and HPV-nega-
tive cervical cancer cells via sponging miR-324-5p and 
regulating DRAM1 expression. LINC00511 is expected to 
be a potential therapeutic target for HPV-positive and 
HPV-negative cervical cancer. However, the oncogenic 
role of LINC00511 should be further explored in clinical 
analysis and in vivo in the future.
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