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Background: Therapy for patients with liver cancer in the advanced stage remains a great 
challenge, and there are very few approved treatments. Although accumulated evidence 
demonstrates the importance of lncRNAs in liver cancer, data on the functional roles and 
molecular mechanisms of endogenous bornavirus-like nucleoprotein (EBLN3P) have been 
rarely reported.
Materials and Methods: The bioinformatics prediction software ENCORI was used to 
predict the putative binding sites of EBLN3P. The regulatory roles of EBLN3P and miR-144- 
3p in cell proliferation, migration and invasion ability were verified by the Cell Counting 
Kit-8, wound healing and Transwell assays, respectively. The interactions among EBLN3P, 
miR-144-3p and DOCK4 were explored by a luciferase assay and Western blotting. The 
expression of EBLN3P and microRNA (miR)-144-3p in liver cancer tissues was quantified 
by reverse transcription-quantitative PCR, and the expression of dedicator of cytokinesis 4 
(DOCK4) was quantified by immunohistochemical analysis.
Results: The present results revealed that overexpression of EBLN3P or knockdown of miR- 
144-3p promoted liver cancer cell proliferation, migration and invasion. Bioinformatics 
analysis and a luciferase assay demonstrated that EBLN3P directly interacts with miR-144- 
3p to attenuate miR-144-3p binding to the 3ʹ-untranslated region of DOCK4. Furthermore, 
the mechanistic investigations showing that the miR-144-3p/DOCK4 regulatory loop was 
activated by knockdown of miR-144-3p or overexpression of DOCK4 validate the roles of 
EBLN3P in promoting liver cancer cell proliferation, migration and invasion in vitro. 
Elevated levels of EBLN3P and DOCK4 and decreased miR-144-3p expression were 
observed in both liver cancer tissues and cell lines.
Conclusion: The present study is the first to demonstrate that EBLN3P may act as a ceRNA 
to modulate DOCK4 expression by competitively sponging miR-144-3p, leading to the 
regulation of liver cancer progression, which provides new insights for liver cancer diagnosis 
and treatment.
Keywords: competing endogenous RNAs, dedicator of cytokinesis 4, long noncoding 
RNAs, microRNAs, liver cancer, endogenous bornavirus-like nucleoprotein

Introduction
Liver cancer is one of the most common types of cancer in the world.1 Although its 
incidence and mortality rates have declined significantly in western countries, liver 
cancer is still a significant health threat in certain regions of the world, such as 
China and Japan.2,3 Surgery with radical resection is suitable for only a limited 
percentage of patients, whereas many patients are often diagnosed at later stages or 

Correspondence: Bo Zhang  
Department of Pediatric Neurology, First 
Hospital of Jilin University, Changchun, 
Jilin 130012, People’s Republic of China  
Email zbjldx@126.com

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Cancer Management and Research 2020:12 9339–9349                                                   9339

http://doi.org/10.2147/CMAR.S261976 

DovePress © 2020 Li et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:zbjldx@126.com
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


experience postsurgical diseases such as relapse or metas-
tasis, which worsens their prognoses.4 Comprehensive 
treatment of advanced liver cancer remains unsatisfactory, 
and thus, it is of vital importance to elucidate the detailed 
mechanisms of liver cancer progression.5

Long noncoding RNAs (lncRNAs), defined as genome 
transcripts consisting of >200 nucleotides that are not 
translated into proteins, are associated with various biolo-
gical developmental processes, such as tumor proliferation 
and metastasis.6 Tumor gene expression can be positively 
or negatively modulated by lncRNAs, either through epi-
genetic transcriptional regulation or posttranscriptional 
regulation.7 Epigenetically, lncRNAs may interact with 
the transcription preinitiation complex at the promoter 
region or directly form base pairs with RNA and DNA.8 

Posttranscriptionally, lncRNAs act as precursors of 
microRNAs (miRNAs/miRs) and competing endogenous 
RNAs (ceRNAs) to control cell fate.9 Among those reg-
ulatory RNAs, ceRNAs, which regulate gene expression 
via miRNA mediation, have been widely studied and 
recognized.10 It has been reported that the interaction of 
human epidermal growth factor receptor 2 (HER2) with 
miR-331-3p may underlie the oncogenic roles of the 
lncRNA Hox transcript antisense intergenic RNA 
(HOTAIR) in gastric cancer.11,12 Similarly, another study 
illustrated that lncRNA H19 has oncogenic functions, 
which can be attributed to its ceRNA activity through 
which it sequesters miR-138 and miR-200a in colorectal 
cancer (CRC).13 A previous study revealed that miR-144- 
3p is associated with abnormal expression in various 
tumors. It has been reported that miR-144-3p facilitates 
the progression of nasopharyngeal carcinoma via directly 
targeting phosphatase and tensin homolog (PTEN).14 

However, the roles of lncRNA EBLN3P and miR-144-3p 
in liver cancer remain unclear.

In mammals, the Rho GTPase family plays critical 
roles in cell proliferation, cell motility, tumor cell malig-
nant transformation, and cancer metastasis and invasion.15 

Guanine nucleotide exchange factors (GEFs) “turn on” 
Rho GTPases by inducing the exchange of GDP for 
GTP.16 Rho GEFs include Dbl-related classical GEFs and 
atypical Dock family Rho GEFs.17 DOCK4 is a member of 
the Dock180 family of proteins, which mediates the out-
growth of patient-derived glioblastoma cells through acti-
vation of Rac.18 However, the expression profile and 
regulatory mechanism of DOCK4 in liver cancer remains 
unknown. In a previous study, the ceRNA network that 
may regulate DOCK4 expression was discovered by 

bioinformatics analysis and verified by molecular biology 
techniques. The data revealed that the pseudogene-derived 
lncRNA EBLN3P can act as a ceRNA that bind with miR- 
144-3p and further upregulates the protein expression of 
its target DOCK4. EBLN3P is a pseudogene of endogen-
ous bornavirus-like nucleoprotein 3 (EBLN3) on chromo-
some 9. However, its expression and its effects in human 
disease have not been reported. The aim of the present 
study was to explore the biological effects of DOCK4 in 
liver cancer progression and its potential regulatory 
mechanisms. It was demonstrated that DOCK4 is highly 
expressed in liver cancer tissues and that the EBLN3P/ 
miR-144-3p/DOCK4 regulatory loop axis may be 
a potential therapeutic target for liver cancer treatment.

Materials and Methods
RNA Extraction and Reverse 
Transcription-Quantitative PCR
Nuclear RNA and cytoplasmic RNA were separately iso-
lated from cell lines using the Cytoplasmic & Nuclear 
RNA Purification Kit (Norgen Biotek Corp) according to 
the manufacturer’s protocol. Total RNA was extracted 
from tissues and cell lines using an RNA extraction kit 
(Takara Biotechnology Co., Ltd.). Reverse transcription 
into cDNA was conducted with Prime Script RT Master 
Mix (Takara Biotechnology Co., Ltd.) according to the 
manufacturer’s protocol. qPCR was performed via 
a SYBR green-based fluorescence method (SYBR 
Premix Ex Taq Kit; Takara Biotechnology Co., Ltd.) and 
the MX3000P® qRT-PCR system (Agilent Technology, 
Inc.) according to the following parameters: 95°C for 10 
min followed by 40 cycles of 95°C for 10 sec and 60°C for 
50 sec. The relative expression levels were calculated 
using the 2−ΔΔCq method. GAPDH and U6 were used as 
the internal references for mRNA and miRNA expression, 
respectively. The primer sequences are listed in Table 1.

Western Blot Assay
The Western blot procedure was carried out as previously 
described.20 Cells were plated in each well of a 6-well plate 
and cultured in DMEM supplemented with 10% FBS. Then, 
the cells were washed with ice-cold phosphate-buffered saline 
(PBS) three times, and cell lysates were prepared with RIPA 
lysis buffer (Beyotime Institute of Biotechnology). Proteins 
were extracted from liver tissues using T-PER Tissue Protein 
Extraction Reagent (cat. no. 78,510; Thermo Fisher Scientific, 
Inc.) according to the manufacturer’s protocol. Subsequently, 
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the protein concentration was determined using a BCA assay 
kit (Bio-Rad Laboratories, Inc.). The proteins were loaded and 
electrophoresed on a 10% SDS-PAGE gel. Subsequently, the 
proteins were transferred onto nitrocellulose membranes 
(EMD Millipore). The membranes were blocked with 5% 
skimmed milk for 1 h and coincubated with an anti-DOCK4 
primary antibody (1:10,000; cat. no. ab85723; Abcam) at 4°C 
overnight. The membranes were washed three times with 
TBST containing 0.1% Tween 20. Following coincubation 
with HRP-labeled goat anti-mouse/rabbit IgG (1:5000; Sigma- 
Aldrich; Merck KGaA) for 2 h at room temperature, the bands 
were analyzed by an ECL detection kit (Pierce; Thermo Fisher 
Scientific, Inc.).

Immunohistochemical (IHC) Analysis
Routine hematoxylin and eosin staining was performed prior 
to immunohistochemical analysis. Briefly, paraffin- 
embedded samples were cut into 3-μm sections and then 
dewaxed with xylene and rehydrated in graded ethanol. 
Antigen retrieval was conducted with citrate buffer, pH6.0 
(1:300; cat. no. ZLI-9065; OriGene Technologies, Inc.) For 
antigen retrieval, the sections were heated at 97°C for 20 min. 
Following a brief proteolytic digestion and peroxidase block-
ing, the sections were incubated with a DOCK4 polyclonal 
antibody (1:500; cat. no. ab85723; Abcam) overnight at 4°C, 
and HRP/Fab polymer conjugate (1:1000; cat. no. PV-6000- 
D; OriGene Technologies, Inc.) was applied as the secondary 
antibody. Finally, the sections were stained with diaminoben-
zidine substrate and counterstained with hematoxylin. Two 
independent investigators semiquantitatively evaluated 
DOCK4-positive staining without prior knowledge of the 
clinicopathologic data. The final immunoreactivity scores 
(IRSs) were assessed based on the percentage of positively 
stained cells (0 points, 0–5% positive cells; 1 point, 6–25% 
positive cells; 2 points, 26–50% positive cells; 3 points, 
51–75% positive cells; and 4 points, 76–100% positive 
cells) as well as staining intensity scores (0 points, no stain-
ing; 1 point, weak staining; 2 points, moderate staining; and 3 

points, strong staining). A final IRS of >4 indicated strong 
positivity, while all other scores indicated weak positivity.

Cell Culture
The hepatocellular carcinoma cell lines (PLHC1, Hep3B, 
and SNU398), a hepatoblastoma cell line (HepG2) and 
a human hepatocyte cell line (THLE3) were obtained 
from the American Type Culture Collection and had 
been authenticated by short tandem repeat profiling. 
Dulbecco’s modified Eagle medium (DMEM; Invitrogen; 
Thermo Fisher Scientific, Inc.) containing 10% fetal 
bovine serum (FBS), 100 U/mL penicillin, and 100 μg/ 
mL streptomycin (Invitrogen; Thermo Fisher Scientific, 
Inc.) was used to culture all cells at 37°C in 5% CO2.

Cell Transfection and Plasmid 
Construction
NC (negative control) mimics, miR-144-3p mimics, NC 
inhibitor and miR-144-3p inhibitor were acquired from 
Guangzhou RiboBio Co., Ltd. The EBLN3P overexpres-
sion plasmid pcDNA-EBLN3P, the EBLN3P knockdown 
siRNA plasmid si-EBLN3P and a corresponding negative 
control siRNA (si-NC) were synthesized by Shanghai 
GenePharma Co., Ltd. Lipofectamine 2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.) was used for transfection 
according to the manufacturer’s instructions. Cells were 
collected for further use after 48 h of transfection.

Cell Counting Kit-8 (CCK-8) Assay
The CCK-8 assay (Dojindo Molecular Technologies, Inc.) 
was used to evaluate cell proliferation capacity as pre-
viously described.19 Briefly, 2x104 cells were seeded in 
a 96-well plate in triplicate for each condition. At different 
time points (12, 24, 36, 48, 60 and 72 h), 10 μL of CCK-8 
solution was added to each well for an additional 4 h of 
incubation at 37°C. The absorbance was recorded at 
a wavelength of 490 nm by a microplate reader (Thermo 
Fisher Scientific, Inc.).

Table 1 Primer Sequences for Quantitative Real-Time PCR

Gene Forward Sequence Reverse Sequence

EBLN3P 5ʹ-CAGACTAAAGGATCAAGCGAGA-3’ 5ʹ-ATCAATTGCCACAGGTTGAAGA-3’
hsa-miR-144-3p 5ʹ- GCCCCTACAGTATAGATGATGTA −3’ 5ʹ- GGATGCAGGTGCTGGAGGT −3’

DOCK4 5ʹ- GGATACCTACGGAGCACGAG-3’ 5ʹ- AGCCATCACACTTCTCCAGG-3’

U6 5ʹ-CTCGCTTCGGCAGCACA-3’ 5ʹ-AACGCTTCACGAATTTGCGT-3’
GAPDH 5ʹ-CCAGGTGGTCTCCTCTGA-3’ 5ʹ-GCTGTAGCCAAATCGTTGT-3’
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Cell Colony Formation Assay
For the colony formation assay, cells were seeded in 6-well 
plates at a density of 1x102 cells/well and then cultured for 
15 days under standard conditions. Thereafter, the cell colo-
nies were washed with PBS twice, subsequently fixed in 
70% methanol for 10 min and stained with 0.5% crystal 
violet for 5 min. Finally, images of the cell colonies were 
captured, and the colonies were counted.

Wound Healing Assay
The cells were seeded in 6-well plates and incubated until 
they reached 90% confluence in serum-free medium. 
A sterile pipette tip was used to create ~1-mm-wide 
wounds. The detached cells were gently washed off 
twice, and the medium was replaced with complete med-
ium containing 1% FBS. Images of the wound were cap-
tured at 0, 24 and 48 h using a light microscope.

Transwell Assay
Cells were seeded on Matrigel-coated upper chambers for 
the invasion assay (BD Biosciences). Culture medium 
without FBS and culture medium containing 10% FBS 
was added to the upper and lower wells, respectively, 
and the cells were incubated for another 24 h. After wiping 
off the noninvaded cells, the filters were fixed in 90% 
ethanol and stained with crystal violet. Cells were counted 
in random fields perform each chamber by using an 
inverted microscope (Olympus Corporation). The proce-
dure was carried out as described previously.21

Dual-Luciferase Reporter Assays
The assay was carried out as described previously.22 Wild- 
type and mutant EBLN3P and DOCK4 reporter plasmids 
(EBLN3P-WT-luc, EBLN3P-MUT-luc, DOCK4-WT-luc, 
DOCK4-MUT-luc) containing wild-type or mutant miR- 
144-3p mimics or NC binding site mimics, were synthe-
sized by Shanghai GenePharma Co., Ltd. The synthesized 
reporter plasmids were cotransfected with miR-144-3p 
mimics or NC mimics with Lipofectamine 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.) when the 
cells reached 70% confluence. Luciferase activity was 
analyzed via the dual-luciferase reporter assay system 
(Promega Corporation) after 48 h.

Clinical Tissue Sample Collection
Tumor specimens were collected from 74 patients with 
hepatocellular carcinoma (HCC), and 72 nonneoplastic 

hepatic tissues were collected from patients who under-
went surgery at The First Hospital of Jilin University. The 
patients were selected based on the following criteria: 
pathological diagnosis of HCC; no history of anticancer 
therapy before tumor resection; and no diagnosis of any 
additional malignancies. Pathological staging was based 
on the UICC/AJCC TNM Classification (8th edition of 
2016). Collection of clinical specimens was approved by 
the Ethics Committee of the First Hospital of Jilin 
University according to the Declaration of Helsinki 
(approval no. JLU01698). Informed consent was collected 
from all participants. The status of each HCC patient was 
validated by an outpatient or telephone interview in order 
to construct a 5-year Kaplan-Meier survival curve. Patients 
who did not survive due to diseases other than HCC were 
excluded from the present study.

Statistical Analysis
All experimental data are presented as the mean ± SD, and 
each experiment was conducted in triplicate. Statistical 
analyses were performed and graphs were generated with 
SPSS V17.0 (SPSS, Inc.) and GraphPad Prism V5.02 
(GraphPad Software, Inc.) software. Comparisons between 
two groups were performed with the Student’s t-test, and 
ANOVA with Dunnett’s multiple comparisons test was 
used for multiple group comparisons. P<0.05 was consid-
ered to indicate a statistically significant difference. The 
association between the survival rate of patients with liver 
cancer and the DOCK4, miR-144-3p or EBLN3P expres-
sion level was investigated using Kaplan-Meier survival 
curves and the Log rank test. Additionally, the χ2 test was 
applied for association analysis of clinical case indicators.

Results
EBLN3P Knockdown Suppressed the 
Proliferation, Migration and Invasion of 
Liver Cancer Cells in vitro
Bioinformatics analysis demonstrated that EBLN3P can 
directly interact with miR-144-3p and that miR-144-3p can 
directly interact with DOCK4 (Figure 1A). Furthermore, 
dual-luciferase reporter assays were performed to verify 
this hypothesis. miR-144-3p was overexpressed by trans-
fecting hepatoblastoma HepG2 cells with miR-144-3p 
mimics. The luciferase assay results demonstrated that 
transfection of miR-144-3p mimics significantly weakened 
the luciferase signal of reporter plasmids containing 
EBLN3P-WT but had no influence on the activity of 
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reporter plasmids containing EBLN3P-MUT (Figure 1B). 
Next, hepatoblastoma HepG2 cells were transfected with 
EBLN3P siRNA (si-EBLN3P) or the pcDNA3.1-EBLN3P 
overexpression vector (EBLN3P) to further investigate the 
possible impact of EBLN3P on the cellular behaviors of 
liver cancer cells. Negative control siRNA (si-NC) and the 
blank vector plasmid (pcDNA-3.1) were used as knock-
down and overexpression controls, respectively. First, the 
nuclear and cytoplasmic expression levels of EBLN3P in 

HepG2 cells were explored via RT-qPCR, and the data 
revealed that the EBLN3P was mainly expressed in the 
cell cytoplasm in HepG2 cells (Figure 1C). Moreover, the 
expression levels of EBLN3P, miR-144-3p and DOCK4 
were explored via RT-qPCR (Figure 1D). The RT-qPCR 
results indicated a negative association between EBLN3P 
and miR-144-3p expression and that the expression levels of 
DOCK4 were positively correlated with the expression 
levels of EBLN3P (Figure 1D). Together, these results 
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Figure 1 EBLN3P knockdown inhibits the proliferation, migration and invasion of liver cancer cells in vitro. HepG2 cells were transfected with EBLN3P-targeted siRNA (si- 
EBLN3P), negative control siRNA (si-NC), pcDNA3.1-EBLN3P overexpression vector (pcDNA-EBLN3P) or blank vector plasmid (pcDNA-3.1). (A) Bioinformatics analysis 
demonstrated that EBLN3P can directly interact with miR-144-3p (up) and that miR-144-3p can directly bind to the 3ʹ-UTR regions of DOCK4 (down). (B) Dual-luciferase 
reporter assays were performed to verify the impact of miR-144-3p on the luciferase signal of reporter plasmids containing EBLN3P. (C) The nuclear and cytoplasmic 
expression levels of EBLN3P in HepG2 cells. (D) The expression levels of EBLN3P and miR-144-3p were explored via reverse transcription-quantitative PCR. (E) Cell 
proliferation was tested by the Cell Counting Kit-8 assay. (F) The number of invaded cells. (G) Cell invasion was detected by the Transwell assay. (H) Cell migration was 
detected by the wound healing assay. That data is shown as the mean ± SD. **P<0.01. 
Abbreviations: siRNA, small interfering RNA; miR, microRNA
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demonstrated that EBLN3P serves as a ceRNA for miR- 
144-3p to inhibit miR-144-3p expression. Moreover, knock-
down of EBLN3P notably decreased the proliferation, inva-
sion and migration of HepG2 cells, which was enhanced by 
EBLN3P overexpression, as shown by the CCK-8 assay, 
transwell assay and wound healing assay, respectively 
(Figure 1EH). In contrast, overexpression of EBLN3P 
accelerated the proliferation, invasion and migration of 
HepG2 cells (Figure 1EH). Thus, these results implied 
that EBLN3P has the oncogenic potential to induce liver 
cancer cell proliferation, migration and invasion.

miR-144-3p Inhibits the Proliferation, 
Migration and Invasion of Liver Cancer 
Cells by Downregulating DOCK4 in vitro
DOCK4 has been demonstrated to promote tumor progres-
sion in lung adenocarcinoma (ADC) metastasis. However, 
its impact on liver cancer and interaction with miR-144-3p 
have not been studied yet. The potential target genes 
mediated by miR-144-3p in liver cancer cells were eval-
uated, and dedicator of cytokinesis protein 4 (DOCK4) 
was identified as one of the target genes of miR-144-3p 
through the bioinformatics software ENCORI. Next, 
a dual-luciferase reporter gene assay illustrated that the 
luciferase signal of cells cotransfected with miR-144-3p 
mimics and the wild-type DOCK4 vector was notably 
decreased compared with that of cells cotransfected with 
miR-144-3p mimics and the mutant DOCK4 vector (Figure 
2A). This implied that miR-144-3p probably binds to the 
3ʹ-UTR of DOCK4. Furthermore, RT-qPCR and Western 
blotting confirmed that overexpression of miR-144-3p sig-
nificantly decreased DOCK4 expression, whereas knock-
down of miR-144-3p significantly enhanced the expression 
of DOCK4 at both the mRNA and protein levels in HepG2 
cells (Figure 2BD). Taken together, these results implied 
that miR-144-3p acts as an upstream regulator of DOCK4 
expression. The CCK-8 assay revealed a notable decrease 
in the proliferation rate in the miR-144-3p mimics group 
compared to the NC mimics group, while the proliferation 
rate was significantly increased in the miR-144-3p inhibi-
tor group compared with the control group (Figure 2E). 
Analysis of migration and invasion further verified this 
pattern. The migration and invasion capacities of liver 
cancer cells transfected with miR-144-3p mimics were 
decreased, but those of cells transfected with the inhibitor 
were increased (Figure 2FH). Collectively, these data indi-
cate that miR-144-3p acts as a tumor suppressor in liver 

cancer cells that can restrain multiple malignant behaviors 
of HepG2 cells, including cell proliferation, migration and 
invasion.

EBLN3P Regulates Liver Cancer Cells via 
the miR-144-3p/DOCK4 Pathway
Rescue experiments were carried out to assess the effects of 
the EBLN3P-miR-144-3p-DOCK4 pathway on HepG2 cell 
activities. Overexpression of DOCK4 was achieved by trans-
fecting cells with pcDNA3.1-DOCK4 or miR-144-3p inhibi-
tor (Figure 3A and B). The results demonstrated that 
knockdown of EBLN3P markedly decreased cell proliferation, 
migration and invasion. However, compared to transfected 
with si-EBLN3P alone, cotransfection with si-EBLN3P and 
miR-144-3p inhibitor or DOCK4 significantly increased cell 
proliferation, migration and invasion (Figure 3CF). 
Accordingly, the data suggests that EBLN3P exerts its regu-
latory role through the miR-144-3p/DOCK4 axis to promote 
the development of liver cancer cells.

EBLN3P and DOCK4 are Upregulated 
While miR-144-3p is Downregulated in 
Liver Cancer Tissues and Cell Lines
To investigate the regulatory role of EBLN3P in liver can-
cer, whether EBLN3P and miR-144-3p are dysregulated in 
liver cancer was investigated. The RTq-PCR and Western 
blotting results showed that EBLN3P and DOCK4 were 
expressed at higher levels in HCC cell lines (PLHC1, 
Hep3B, and SNU398) and the hepatoblastoma cell line 
(HepG2) than in the normal human hepatic astrocyte cell 
line (THLE3), while miR-144-3p was expressed in the 
reverse manner (Figure 4A and B). These data demon-
strated that EBLN3P, miR-144-3p and DOCK4 may play 
an important role in regulating the development of liver 
cancer, including HCC and hepatoblastoma. To further 
explore the expressions of EBLN3P, miR-144-3p and 
DOCK4 in HCC, EBLN3P, miR-144-3p and DOCK4 
expression levels were similarly assessed in HCC tissues 
and nonneoplastic hepatic tissues. As expected, EBLN3P 
and DOCK4 were expressed at higher levels and miR-144- 
3p was expressed at a lower level in HCC tissues than in 
hepatic tissues (Figure 4C and D). Moreover, the associa-
tions between EBLN3P and miR-144-3p expressions and 
the prognosis of patients with HCC were explored via 
Kaplan-Meier survival curves and the Log rank test. As 
shown in Figure 4E, F and H, patients with HCC and 
positive miR-144-3p expression had longer overall survival 
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times than patients with negative miR-144-3p expression 
(P=0.004). Furthermore, patients with HCC and positive 
EBLN3P or DOCK4 expression had shorter overall survival 
times than patients with negative EBLN3P or DOCK4 
expression (P=0.012; P=0.019). Furthermore, DOCK4 
expression in HCC tissues was investigated via IHC analy-
sis, as shown in Figure 4G and Table 2, and it was found that 
DOCK4 was expressed at a higher level in HCC tissues (54/ 

74) than in hepatic tissues (14/72). Moreover, DOCK4 was 
revealed to be associated with distant metastasis (P<0.01) 
and tumor-node-metastasis stages (AJCC) (P<0.01).

Discussion
The role of lncRNAs in carcinogenesis was initially identi-
fied due to the differential expression of these lncRNAs in 
caner tissues compared with normal tissues.23–27 Thus far, 
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Figure 2 miR-144-3p inhibits the proliferation, migration and invasion of liver cancer cells by downregulating DOCK4. (A) The miR-144-3p mimics and luciferase reporter 
plasmids containing wild-type or mutant DOCK4 3ʹ-UTR were cotransfected into HepG2 cells. The dual luciferase reporter gene assay was performed to verify the direct 
binding association between miR-144-3p and DOCK4. (B) HepG2 cells were transfected with NC mimics, miR-144-3p mimics, NC inhibitor, or miR-144-3p inhibitor, and then, 
reverse transcription-quantitative PCR was conducted to evaluate the relative expression levels of miR-144-3p and DOCK4. (C) Western blotting validated that the 
overexpression of miR-144-3p significantly decreased DOCK4 expression. (D) Corresponding analysis of DOCK4 expression. (E) Cell proliferation was tested by the Cell 
Counting Kit-8 assay. (F) Cell invasion was detected by the Transwell assay. (G) The number of invaded cells. (H) Cell migration was detected by the wound healing assay. 
The data are shown as the mean ± SD. **P<0.01. 
Abbreviations: miR, microRNA; UTR, untranslated region.
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accumulating evidence has indicated that the capacities of 
lncRNAs to regulate complex cellular behaviors, such as cell 
growth and metastasis, are commonly deregulated in cancer, 
including liver cancer.28–30 Although many of potential bio-
markers have been reported, specific diagnostic biomarkers 
for liver cancer have not yet been confirmed. EBLN3P is 
a novel lncRNA located on chromosome 9: 37,079,935–-
37,086,874 forward strand. The present study demonstrated 
that EBLN3P is markedly upregulated in liver cancer tissues 
and cell lines. In vitro, functional assays indicated that the 
deprivation of EBLN3P suppresses liver cancer cell prolif-
eration, migration and invasion, demonstrating the potential 
of EBLN3P as a therapeutic target for liver cancer interven-
tion. Hence, the underlying mechanism in liver cancer cell 
lines was next explored.

The ceRNA theory was first proposed in 2011 and was 
subsequently extensively accepted in the field of noncoding 
RNA.10 lncRNAs may serve as ceRNAs by sponging miRNAs 
to hinder the downregulated pathway. Bioinformatics analyses 
revealed that there is a conserved miR-144-3p binding site in 
EBLN3P. Therefore, it was postulated that EBLN3P can act as 
a ceRNA to affect miR-144-3p. Subsequently, it was validated 

that miR-144-3p has a reciprocal suppressive effect on 
EBLN3P expression, and knockdown of miR-144-3p induced 
the proliferation, migration and invasion of liver cancer cells 
in vitro. Importantly, the dual-luciferase assay further showed 
that EBLN3P directly interacts with miR-144-3p to decrease its 
expression, suggesting that EBLN3P serves as an miRNA 
sponge that binds to and regulates miR-144-3p expression.

miRNAs control gene expression by binding to the 3′- 
UTR of the target gene, which causes mRNA cleavage or 
translational repression.31 Rho GTPases play critical roles 
in the initiation and progression of various tumors;32 how-
ever, the regulation of Rho GTPases in liver cancer remains 
largely unknown. Additionally, the role and molecular 
mechanism of DOCK4, an atypical Rho GEF,33 in liver 
cancer are unknown. This study provides the first evidence 
that DOCK4 is overexpressed in liver cancer and that its 
positive expression is associated with lymph node metas-
tasis and a higher tumor-node-metastasis (TNM) stage. 
Patients with liver cancer and positive DOCK4 expression 
exhibited a shorter overall survival time than patients with 
negative DOCK4 expression. The present study demon-
strated that DOCK4 promoted the proliferation of liver 
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Figure 3 EBLN3P regulates liver cancer cells via the miR-144-3p/DOCK4 pathway. High mRNA (A) and protein (B) expression level of DOCK4 was achieved by transfecting 
cells with pcDNA3.1-DOCK4 or miR-144-3p inhibitor. Knockdown of EBLN3P markedly reduced cell proliferation (C), invasion (D and E) and migration (F). However, 
compared to transfection with sh-EBLN3P alone, co-transfection with sh-EBLN3P and miR-144-3p inhibitor or DOCK4 significantly increased cell proliferation (C), invasion 
(D and E) and migration (F). The data are shown as the mean ± SD.**P < 0.01.
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cancer cells in vitro. It was also found that DOCK4 expres-
sion in lymph node metastases was higher than that in 
primary liver cancer tissues and that DOCK4 increased 
the migration and invasion abilities of liver cancer cells 
in vitro and in vivo. As a member of the Dock family of 
GEFs, DOCK4, a typical Rac1 activator, has been reported 
to be a key component of the TGF-β/Smads pathway, 
which promotes lung ADC cell extravasation and 
metastasis.34 In accordance with previous reports, the pre-
sent data showed that DOCK4 promoted the motility of 
liver cancer cells. In the present study, bioinformatics ana-
lysis revealed that DOCK4 was regulated via the EBLN3P/ 
miR-144-3p axis, and the expression levels of DOCK4 

were positively correlated with the expression levels of 
EBLN3P in liver cancer cells. Moreover, the dual- 
luciferase assays confirmed the direct interaction between 
miR-144-3p and DOCK4. Furthermore, rescue experiments 
showed that EBLN3P promoted proliferation and metasta-
sis in liver cancer via the regulation of the miR-144-3p/ 
DOCK4 signaling axis. Although this study reveals a novel 
mechanism whereby liver cancer cells are regulated by 
EBLN3P in vitro, further studies are required to fully under-
stand the complexity of the mechanism. Future studies in 
model mice are needed to further verify the novel molecu-
lar mechanism of EBLN3 and value its potential as 
a therapeutic target.
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Figure 4 EBLN3P and DOCK4 were upregulated, while miR-144-3p was downregulated in liver cancer tissues and cell lines. (A) The expression levels of EBLN3P and miR- 
144-3p in liver cancer cell lines (PLHC1, Hep3B, SNU398 and HepG2) and the hepatocyte cell line (THLE3) were tested by RTq-PCR. (B) The Western blotting results 
showed that DOCK4 was expressed at a higher level in four liver cancer cell lines (PLHC1, Hep3B, SNU398 and HepG2) than in the normal human hepatic astrocyte cell line 
(THLE3). (C) The expression patterns of EBLN3P and miR-144-3p were measured in liver cancer samples and normal tissue via RTq-PCR. (D) The expression patterns of 
DOCK4 were measured in liver cancer samples and normal tissue via Western blotting. (E) The association between EBLN3P expression and the prognosis of patients with 
liver cancer was explored. (F) The association between miR-144-3p expression and the prognosis of patients with liver cancer was explored. (G) The expression patterns of 
DOCK4 were measured in liver cancer samples and normal tissue via immunohistochemistry. (H) The association between DOCK4 expression and the prognosis of patients 
with liver cancer was explored. The data are shown as the mean ± SD. **P<0.01. 
Abbreviations: RT-qPCR, reverse transcription-quantitative PCR; miR, microRNA.
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In conclusion, the present study is the first to demon-
strate that EBLN3P acts as a novel oncogene in liver 
cancer. Furthermore, EBLN3P acts as a ceRNA to regulate 
DOCK4 expression by competitively sponging miR-144- 
3p, thereby regulating the progression of liver cancer. 
Therefore, the present findings provide useful information 
for the identification of new biomarkers for early diagnosis 
and therapies for liver cancer progression.

Abbreviations
ceRNA, competing endogenous RNA; DOCK4, dedicator 
of cytokinesis 4; HOTAIR, hox transcript antisense inter-
genic RNA; lncRNA, long noncoding RNA; miRNAs, 
microRNAs; RT-qPCR, reverse transcription-quantitative 
PCR, siRNA, small interfering RNA.
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