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

Long Non-Coding RNA HULC Promotes Cervical

Cancer Cell Proliferation, Migration and Invasion

via miR-218/TPD52 Axis
This article was published in the following Dove Press journal:

OncoTargets and Therapy

Wenjun Lu1

Xiaobin Wan2

Limin Tao1

Junhui Wan1

1Department of Obstetrics and

Gynecology, The First Affiliated Hospital

of Nanchang University, Nanchang

330006, Jiangxi, People’s Republic of

China; 2Department of General Surgery,

The Third Hospital of Nanchang

University, Nanchang 330006, Jiangxi,

People’s Republic of China

Objective: Long non-coding RNAs (lncRNAs) have been identified as important players in

tumorigenesis. LncRNA highly upregulated in liver cancer (HULC) has been identified as a

key regulator in the progression of various cancers. However, the functional role and the

mechanisms of HULC in regulating cervical cancer cell behavior remain unclear.

Methods: HULC expression, miR-218 expression and TPD52 mRNA level in cervical

cancer cells were examined by qRT-PCR. Cell proliferation was evaluated by MTT assay.

Cell migration and invasion were examined by Transwell assay. TPD52 protein level was

measured by Western blot. Dual-luciferase reporter assay was measured to verify the

combination of HULC and miR-218 as well as miR-218 and TPD52.

Results: HULC expression was upregulated in cervical cancer cell lines, and HULC promoted

cervical cancer cell proliferation, migration and invasion. Mechanistically, HULC acted as a

sponge of miR-218 to elevate expression of TPD52, a target of miR-218, and thereby promoted

cervical cancer cell proliferation, migration, and invasion.

Conclusion: HULC promotes cervical cancer cell proliferation, migration and invasion via

miR-218/TPD52 axis.
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Introduction
Cervical cancer is one of the most common malignancies in the female reproductive

system.1 However, the initial stages of cervical cancer are usually asymptomatic.2

Thus, a certain number of specific and sensitive non-invasive biomarkers are

urgently needed to predict the prognosis of cervical cancer.3

Long non-coding RNAs (lncRNAs) are a group of RNAs greater than 200

nucleotides in length. Increasing evidence indicates that lncRNAs play important

roles in regulating various cellular processes.4 It has been reported that there are

several lncRNAs involved in cervical cancer development.5–7 LncRNAs play a role

in the process of apoptosis of cervical cancer cells, tumor invasion and metastasis.

So far, only a small fraction of lncRNA has been characterized in detail.8 Some

lncRNAs regulate important cancer processes, including proliferation, migration,

and invasion and drug resistance.9 More lncRNAs that affect cancer-related gene

expression still need to be identified.

Highly upregulated in liver cancer (HULC) is a lncRNA that has recently been

identified as a key regulator in the progression of various cancers.10Wang et al revealed
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that the expression of HULC was upregulated in cervical

cancer, and associated with overall survival,11 however, the

effect and regulatory mechanism of HULC on proliferation,

migration and invasion of cervical cancer cells remain

unclear. MicroRNA-218 (miR-218) is a tumor-suppressive

miRNA in cancers. MiR-218 was downregulated in cervical

cancer, and miR-218 overexpression was found to inhibit

cervical cancer cell viability, cell growth and metastasis,

and promote apoptosis.12,13 Bioinformatics using miRanda

predicted that HULC and miR-218 have partially comple-

mentary sequences, suggesting that HULCmay function as a

“miRNA sponge” of miR-218. The prediction of target genes

using TargetScan showed that there were binding sites

between miR-218 and 3ʹ-UTR of the oncogenic tumor pro-

tein D52 (TPD52) mRNA.14 Therefore, we speculated that

HULC might competitively bind with miR-218 to regulate

the TPD52 expression. In the current study, we aimed to

examine the role and molecular mechanisms of HULC in

regulating cervical cancer cell behavior.

Materials and Methods
Cell Lines and Cell Culture
Human cervical epithelial cells (H8 cells) and cervical cancer

cells (HeLa, SiHa, CaSki and C-33A cells) purchased from

Shanghai Institute of Cell Biology (Shanghai, China) were

cultured with Dulbecco’s modified Eagle’s medium (DMEM;

Gibco, USA) supplemented with 10% fetal bovine serum

(FBS; Gibco, USA) and 1% penicillin/streptomycin (Beijing

Solarbio Science & Technology Co., China) with 5% CO2 at

37°C. The cells cultured to logarithm phase were used in the

following experiments. The expression of HULCwas detected

in the above cell lines. The HULC overexpression vector,

HULC siRNA (si-HULC), TPD52 overexpression vector, si-

TPD52, miR-218 mimic, miR-218 inhibitor and their controls

were synthesized by GenePharma (Shanghai, China) and then,

respectively, transfected to cervical cancer cells using

Lipofectamine 2000 (Invitrogen, USA). Finally, 48 hrs after

transfection, transfected cells were collected and used in

further experiments.

Quantitative Real-Time PCR (qRT-PCR)
Total RNA was extracted from cultured cells using Trizol

reagent (Invitrogen, USA) and reverse-transcribed to

cDNA using a PrimeScript RT Reagent Kit (TaKaRa,

China) following the manufacturer’s protocol. qRT-PCR

was performed to amplify the cDNA template using the

SYBR Green PCR kit (TaKaRa, China). The levels of

HULC and miR-218 were normalized to those of U6.

The mRNA level of TPD52 was normalized to GAPDH.

Specific PCR primers were synthesized at Invitrogen,

USA. The relative expression was calculated using the

2−ΔΔCT method.

Western Blot
Total proteins were extracted from cervical cancer cell lines

using RIPA lysis buffer (Beyotime, China). Equal amounts of

protein were separated by 10% SDS-PAGE gels and trans-

ferred onto polyvinylidene difluoridemembranes. After block-

ing with 5% skim milk, the membranes were incubated

overnight at 4°C with anti-TPD52 antibody (1:500; Santa

Cruz Biotechnology, Inc, USA), followed by incubation with

horseradish peroxidase-conjugated secondary antibody

(Boster, China) at room temperature for 2 hrs. The immunor-

eactive bands were detected using Electrochemiluminescence

Detection Kit (Thermo Fisher Scientific, USA). β-actin
(Boster, China) served as the loading control.

Cell Proliferation
Cells were seeded into 96-well plates at 2.5 × 103 cells per

well. After seeding, the MTT assay was performed accord-

ing to the manufacturer’s instructions. The optical density

(OD) values at 490 nm were detected by an enzyme-

labeled analyzer and were normalized to control well. All

experiments were performed three times.

Cell Migration and Invasion Assay
For cell migration assay, serum-starved cells were sus-

pended and plated into the upper chambers of 24-well

Transwell plates with 8.0-μm pore. Full-serum medium

containing DMEM with 10% FBS was then added into

the lower chambers as the chemoattractant. After 24 hrs of

incubation, cells were washed with PBS, fixed with 4%

formaldehyde for 15 mins at room temperature and stained

with 0.5% crystal violet for 20 mins. Finally, migratory

cells were counted from 10 different fields of each filter.

Cell invasion assay was performed the same way as the

cell migration assay as described above, except that the

upper chambers of 24-well Transwell plates were pre-

coated with Matrigel (BD Biosciences, USA) membrane.

Luciferase Reporter Assay
The sequences of HULC and TPD52 3′-UTR were ampli-

fied from normal human genomic DNA and subcloned into

the pmirGLO luciferase reporter vector (Promega, USA).

HeLa cells were co-transfected with wild-type (WT) or
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mutant (Mut) 3′-UTR vectors and miR-218 mimic using

Lipofectamine 2000. Then, the Dual-Luciferase Reporter

Assay System (Promega) was used to conduct Luciferase

reporter assay according to the manufacturer’s protocol. The

luciferase activities were normalized to Renilla luciferase

activity. All experiments were performed three times.

Statistical Analysis
All statistical analyses were performed using SPSS version

16.0 (SPSS, Inc., Chicago, USA). p<0.05 was considered to

indicate a statistically significant difference. The unpaired

Student’s t-test was used to analyze the differences between

the two groups. One-way analysis of variance (ANOVA) was

used to analyze differences among two or three groups.

Results
HULC Promotes Cervical Cancer Cell

Proliferation, Migration and Invasion
QRT-PCR was used to detect the expression levels of

HULC in cervical cancer cell lines such as HeLa, SiHa,

Figure 1 HULC promoted HeLa cell proliferation, migration and invasion. (A) Relative HULC level in human cervical epithelial cells (H8 cells) and cervical cancer cell lines

(HeLa, SiHa, CaSki and C-33A) was examined by qRT-PCR. (B) Relative HULC expression in HeLa cells transfected with HULC overexpression vector and empty vector

was examined by qRT-PCR. (C) MTT assay showed that HULC overexpression promoted the growth of HeLa cells. (D) Transwell migration and invasion assay showed that

HULC overexpression promoted HeLa cell migration and invasion. Scale bar: 100 μm. **p<0.01 vs H8 or Vector.
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CaSki and C-33A. The results demonstrated that HULC

level was significantly upregulated in cervical cancer cells

when compared with that in cervical epithelial H8 cells

(Figure 1A). By performing the qRT-PCR assay, we found

that after HULC overexpression plasmid has been trans-

fected into cervical cancer HeLa cells, HULC expression

was sharply upregulated in the overexpression group when

compared with the vector group (Figure 1B). Subsequently,

we analyzed the biological functions of HULC in HeLa

cells. Forty-eight hours after transfection, cell proliferation

was measured by using MTT assay. Results showed that

HULC overexpression significantly promoted HeLa cell

proliferation (Figure 1C). Meanwhile, Transwell assay was

performed to investigate the role of HULC in regulating cell

migration and invasion in HeLa cells. Data revealed that the

number of migrating cells in the HULC overexpression

group was significantly increased compared with the vector

group (Figure 1D), and cell invasion showed a similar

Figure 2 HULC silencing inhibited C-33A cell proliferation, migration and invasion. (A) Relative HULC expression in C-33A cells transfected with HULC siRNA (si-HULC)

and si-Ctrl was examined by qRT-PCR. (B) MTT assay showed that HULC silencing inhibited the growth of C-33A cells. (C) Transwell migration and invasion assay showed

that HULC silencing inhibited C-33A cell migration and invasion. Scale bar: 100 μm. **p<0.01 vs si-Ctrl.
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pattern in HeLa cells (Figure 1D). To further confirm the

role of HULC in cervical cell proliferation, migration and

invasion, HULC siRNA (si-HULC) was transfected into

C-33A cells and the silencing efficiency of HULC was

subsequently confirmed by qRT-PCR analysis, HULC

expression was lower in the si-HULC group than that in

the si-Ctrl group (Figure 2A). The results from the MTT

proliferation assay showed that cell proliferation was sig-

nificantly inhibited after si-HULC transfection in C-33A

cells (Figure 2B). As shown in Figure 2C, compared with

the si-Ctrl group, the decreased number of migrated and

invaded cells was observed in the si-HULC group. These

observations indicate that HULC overexpression promotes,

whereas HULC silencing inhibits cervical cancer cell pro-

liferation, migration and invasion.

HULC Directly Targets miR-218, Which

Targets TPD52
Next, we explored the molecular mechanism by which

HULC promotes proliferation, migration and invasion in

cervical cancer cells. We used miRanda (http://www.micro

rna.org/microrna/home.do) to predict the putative miRNA

targets of lncRNA HULC and found that there was a highly

conservative and specific combination sequence between

HULC and miR-218 (Figure 3A). Our results showed that

miR-218 mimic significantly repressed luciferase activity

when co-transfected with a reporter containing WT HULC

but not Mut HULC (Figure 3A). Interestingly, TargetScan

analysis (http://www.targetscan.org/vert_72/) revealed that

TPD52 was identified as a putative target of miR-218.

Figure 3 HULC directly targeted miR-218, and miR-218 targeted TPD52. (A) Prediction of target relationship between HULC and miR-218 (miRanda). Dual-luciferase

report assay indicated a decline in luciferase activity of HULC WTreporter upon the introduction of miR-218 mimic. (B) Prediction of target relationship between miR-218

and TPD52 3ʹ-UTR (TargetScan). Dual-luciferase report assay suggested a decline in luciferase activity of TPD52 WTreporter upon the introduction of miR-218 mimic. C-E:

HeLa cells were transfected with HULC overexpression vector and empty vector, and miR-218 expression (C) and TPD52 mRNA (D) were measured by qRT-PCR, TPD52

protein level (E) was measured by Western blot. F-H: C-33A cells were transfected with si-HULC and si-Ctrl, and miR-218 expression (F) and TPD52 mRNA (G) were

measured by qRT-PCR, TPD52 protein level (H) was measured by Western blot. *p<0.05, **p<0.01 vs mimic NC or vector or si-Ctrl.
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The WT and Mut 3′-UTR of TPD52 were inserted into a

luciferase reporter vector. Data showed that miR-218 could

significantly inhibit luciferase expression of Luc-TPD52-

WT. Mutation at any of the two sites could partly abrogate

the suppressing effect (Figure 3B). After HULC overex-

pression plasmid was transfected into HeLa cells, qRT-PCR

analysis exhibited that HULC overexpression significantly

suppressed miR-218 expression (Figure 3C) but markedly

promoted TPD52 mRNA and protein levels in HeLa cells

(Figure 3D and E). In addition, upregulated miR-218 level

(Figure 3F) and downregulated TPD52 mRNA and protein

level (Figure 3G and H) were observed in C-33A cells

transfected with si-HULC relative to those in C-33A cells

transfected with siRNA control. These data indicate that

HULC directly targets miR-218, which targets TPD52.

HULC Regulates TPD52 Expression by

Regulating miR-218
To identify the role of HULC in regulating miR-218 and

TPD52 expression, HeLa cells were co-transfected with

HULC overexpression vector and miR-218 mimic. We exam-

ined the expression level of TPD52 in transfected cells by qRT-

PCR andWestern blot. The results showed that TPD52 expres-

sion both at mRNA level and protein level were significantly

upregulated in HeLa cells transfected with HULC overexpres-

sion, but these effects were reversed by miR-218 mimic

(Figure 4A and B). On the other hand, C-33A cells were co-

transfected with si-HULC and miR-218 inhibitor. Data

revealed that HULC silencing decreased TPD52 mRNA and

protein levels, and these effects were reversed after miR-218

expression in C-33A cells was inhibited (Figure 4C and D).

From these results, it is clear that HULC regulates TPD52

expression via sponging miR-218 in cervical cancer cells.

HULC Promotes Cervical Cancer Cell

Proliferation, Migration and Invasion via

miR-218/TPD52 Axis
Finally, we sought to elucidate whether miR-218/TPD52 axis

was involved in the HULC-regulated cervical cancer cell

Figure 4 HULC regulated TPD52 expression by regulating miR-218. A-B: HeLa cells were co-transfected with HULC overexpression vector and miR-218 mimic, and

corresponding controls, and the TPD52 mRNA level (A) and TPD52 protein level (B) in transfected cells were determined by qRT-PCR and Western blot, respectively. C-D:

C-33A cells were co-transfected with si-HULC and miR-218 inhibitor, and corresponding controls, the TPD52 mRNA level (C) and TPD52 protein level (D) in transfected

cells were determined by qRT-PCR and Western blot, respectively. **p<0.01 vs mimic NC+vector or inhibitor NC+ si-Ctrl; ##p<0.01 vs vector+ miR-218 mimic or si-Ctrl+

miR-218 inhibitor.
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proliferation, migration and invasion. To this end, HeLa cells

were co-transfected with HULC overexpression vector and

miR-218 mimic or si-TPD52. As shown in Figure 5A–C, the

ability of HULC overexpression to promote proliferation,

migration and invasion was markedly compromised when

miR-218 expression in HeLa cells was upregulated.

Furthermore, MTT and Transwell assay results indicated

that HULC promoted the cell proliferation, migration and

invasion, and these effects could be reversed by TPD52

silencing (Figure 5D–F). To further address this issue,

C-33A cells were co-transfected with si-HULC and TPD52

overexpression vector. Data revealed that TPD52 overex-

pression effectively abrogated the HULC silencing-mediated

inhibition of C-33A cell proliferation, migration, and inva-

sion (Figure 6A–C). Taken together, these results suggest that

HULC promotes cervical cancer cell proliferation, migration

and invasion via miR-218/TPD52 axis.

Discussion
In the present work, we report that HULC expression was

upregulated in cervical cancer cell lines, and HULC pro-

moted cervical cancer cell proliferation, migration and

invasion. Mechanistically, HULC acted as a sponge of

miR-218 to elevate expression of TPD52, a target of

miR-218, and thereby promoted cervical cancer cell pro-

liferation, migration, and invasion.

Figure 5 HULC overexpression promoted HeLa cell proliferation, migration and invasion via miR-218/TPD52 axis. A-C: HeLa cells were co-transfected with HULC

overexpression vector and miR-218 mimic, and corresponding controls, cell proliferation using MTTassay (A), cell migration (B) and invasion (C) using Transwell assay were

shown. D-F: HeLa cells were co-transfected with HULC overexpression vector and si-TPD52, and corresponding controls, cell proliferation using MTT assay (D), cell

migration (E) and invasion (F) using Transwell assay were shown. Scale bar: 100 μm. *p<0.05, **p<0.01 vs vector+mimic NC or vector+si-Ctrl; &p<0.05, &&p<0.01 vs mimic

NC+ HULC or si-Ctrl+HULC.

Dovepress Lu et al

OncoTargets and Therapy 2020:13 submit your manuscript | www.dovepress.com

DovePress
1115

Powered by TCPDF (www.tcpdf.org)

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


As an oncogene, HULC has also been proved to play a

critical role in regulating tumor metastasis in colorectal

cancer,15 hepatocellular carcinoma,16 and bladder cancer.17

Wang et al revealed that the expression of HULC was

upregulated in cervical cancer, and associated with overall

survival,11 indicating that HULC may serve as a predictive

biomarker for the prognosis of cervical cancer. In the

present study, our data also demonstrated that HULC had

high expression in cervical cancer cells, which is consis-

tent with the findings showing HULC upregulation in

cervical cancer tissues.11 Besides, our results showed that

overexpression of HULC significantly promoted cervical

cancer cell proliferation, migration and invasion. Our pre-

sent study further supplements the oncogenic function of

HULC in cervical cancer based on the existing literature

and supports the view that HULC could act as a potential

cervical cancer marker.

miR-218 has been shown to confer tumor-suppressive

function in some cancers, such as liver cancer,18 oral cancer,19

bladder cancer,20 and nasopharyngeal cancer.21 With regard to

Figure 6 HULC silencing inhibited C-33A cell proliferation, migration and invasion through inhibiting TPD52 expression. C-33A cells were co-transfected with si-HULC and

TPD52 overexpression vector, and corresponding controls, cell proliferation using MTT assay (A), cell migration (B) and invasion (C) using Transwell assay were shown.

Scale bar: 100 μm. *p<0.05, **p<0.01 vs si-Ctrl+vector; ##p<0.01 vs Vector+si-HULC.
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cervical cancer, a previous study demonstrated that miR-218

was decreased in cervical cancer tissues, which was associated

with tumor progression and poor prognosis.22 Subsequent

research provided evidence that abundant miR-218 increased

the radiosensitivity in cervical cancer cells.23 More recently,

Zhu et al12,13 reported that miR-218 also produced anti-tumor

effects on cervical cancer cells in vitro. In line with this, our

results showed that miR-218 mimics significantly inhibited

cervical cancer cell proliferation, migration and invasion.

These results suggested that miR-218 plays a tumor-suppres-

sive role in cervical cancer. TPD52 is a recently identified

proto-oncogene, which was reported to be upregulated in

several types of cancers.24,25 Wu et al reported that inhibition

of TPD52 could suppress cervical cancer cell proliferation and

induce cell apoptosis.26 Consistent with this, our results

showed that TPD52 silencing inhibited, whereas TPD52 over-

expression promoted cervical cell proliferation, migration, and

invasion.

LncRNAs have been well known to exert their functions

by acting as a ceRNA to segregate miRNAs away from target

mRNAs, leading to the upregulation of miRNA target genes

and suppression of miRNAs-mediated functional roles.27,28

Using bioinformatics analysis and luciferase reporter assay,

we found that HULC acted as a sponge of miR-218 by

binding to miR-218. Furthermore, TPD52 was confirmed as

a direct target of miR-218, which was consistent with a

previous study showing that miR-218 inhibited prostate can-

cer cell growth and promotes apoptosis by targeting and

repressing TPD52 expression.14 Of note, we then found

that the oncogenic function of HULC was abrogated when

miR-218 expression was upregulated or TPD52 was down-

regulated in cervical cancer cells. Moreover, the tumor-sup-

pressive effect of HULC silencing in cervical cancer cells

could be attenuated by TPD52 overexpression. These data

indicated that HULC promotes cervical cancer cell prolifera-

tion, migration and invasion via miR-218/TPD52 axis.

Conclusion
In summary, we demonstrated that HULC acts as a sponge of

miR-218 to elevate expression of TPD52, a target of miR-218,

and thereby promotes cervical cancer cell proliferation, migra-

tion, and invasion. Collectively, our findings provide a new

perspective that the regulatory network of different lncRNAs

may act as a critical role in cervical cancer progress.
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