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Background: Long non-coding RNAs (IncRNAs) recently have been identified as influential indicators in a
variety of malignancies. Hence, the aim of the present study was to identify a functional IncRNA and its
associated effects on hepatocellular carcinoma (HCC) in terms of cellular growth and a ngiogenesis.

Methods and results: Microarray-based analysis revealed a possible regulatory mechanism involving
LINC00488, microRNA-330-5p (miR-330-5p) and talin-1 (TLN1) in HCC. Targetscan and RNA22 online

Zey‘fvords" ) tools predicted the relationship among LINC00488, miR-330-5p and TLN1, which were further validated
Agg;;)ti?;:m by dual luciferase reporter gene assay, RNA pull-down and RIP. To evaluate the effects of LINC00488 and
LINC00488 miR-330-5p on the cellular process of HCC, we performed a series of in vitro and in vivo experiments, with

the expression of LINC00488, miR-330-5p, and TLN1 altered by delivering plasmids into Hep3B cell line.
The obtained results demonstrated that cells with siRNA-mediated depletion of LINC0O0488 or restoration
of miR-330-5p displayed suppressed abilities of in vitro proliferation as well as of in vivo tumor growth
and angiogenesis, while in vitro apoptosis was notably induced.

Conclusion: The fundamental findings of the present study collectively propose that IncRNA LINC00488
can competitively sponge miR-330-5p to regulate TLN1 in relation to the cell growth and angiogenesis

Long non-coding RNA
microRNA-330-5p
Hepatocellular carcinoma
Proliferation

Talin-1

in HCC.
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1. Introduction

Hepatocellular carcinoma (HCC) accounts for 70%-90% deaths
related to primary liver cancer, which ranks the second leading
cause of cancer-related deaths across the world, with a large num-
ber of patients diagnosed either at an intermediate or advanced
stage [1,2]. It is well acknowledged that the global 5-year overall
survival rate is still lower than 10%. Hence, if detected at an early
stage, the patients with HCC have high chance to be cured success-
fully through operation, whose 5-year overall survival rate reaches
more than 50% [3]. HCC patients diagnosed at an early-stage often
benefit from potential therapeutic approaches including local abla-
tive therapies, surgical resection or liver transplantation [4]. This
being said, there is an urgent need for precise clinical diagnosis at
the early stage of HCC, whereby molecular markers may prove to be
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useful tools regarding the appropriate understanding of molecular
mechanisms underlying hepatocarcinogenesis [5]. In recent years,
well-established evidence has revealed the function of non-coding
genes especially long non-coding RNAs (IncRNAs), which display a
distinct ability to regulate protein-coding and non-coding genes at
transcriptional or post-transcriptional level, acting as a set of new
regulators that participate in various cellular functions and disease
processes [6]. Hence, this is intriguing and provides a fresh insight
for investigation into the potential IncRNAs associated with HCC.
LncRNAs are RNA transcripts, longer than 200nt, and are
endowed with the ability to regulate transcription, translation, epi-
genetic modification, cell cycle and cellular differentiation [7]. For
example, IncRNA fer-1-like family member 4 (FER1L4) has been
reported to possess the ability to slow down the progression of HCC
while the IncRNA DRHC has been implicated in the gradual process
of HCC [8,9]. According to a recent study issued by Zhang et al.,
the cancer specific IncRNA profiles from The Cancer Genome Atlas
(TCGA) found that the expression of LNC00488 is up-regulated in
HCC [10]. Besides, the interaction between microRNAs (miRNAs)
and IncRNAs within cells has been shown to be one representa-
tive regulation pattern of miRNAs and should be discussed due to
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their large number [11]. In particular, highly up-regulated IncRNA
HULC in liver cancer has been indicated to serve as an endogenous
“sponge” to down-regulate miRNAs activities [12]. A previous study
demonstrated that the overexpression of miR-330is related to poor
prognosis and results in more aggressive phenotypes of HCC [13].
Studies have shown that miR-330-5p is regulated by tumor onco-
genic IncRNA MIAT in epithelial ovarian cancer, by IncRNA HOTAIR
in atherosclerosis and by IncRNA DGCR5 in non-small cell lung can-
cer [14-16]. Through microarray-based analysis, we subsequently
proposed a hypothesis of a mechanical regulatory relationship
between LINC00488 and miR-330-5p. Furthermore, the involve-
ment of TLN1, a gene encoding a cytoplasmic protein Talin-1, has
been documented to exert inhibitory effects in prostate cancer as a
bid to miR-124 [17], highlighting its possible mutual effect in con-
nection with miRNAs. In addition, TLN1 functions as a promising
diagnostic marker for HCC with its higher specificity and sensitivity
[18]. Hence, the central objective of the study was to decipher the
roles of LINC00488 and miR-330-5p associated with TLN1 in HCC
and thereby provide a deep understanding of the IncRNA function
in HCC.

2. Materials and methods
2.1. Ethics statement

The current study was performed with the approval of the
Institutional Review Board of The Second Affiliated Hospital of Nan-
chang University. Written informed consent was obtained from
each participant. All animal experiments were performed in strict
accordance with the recommendations in the Guide for the Care
and Use of Laboratory Animals of the National Institutes of Health.
The protocol of animal experiments was approved by the Institu-
tional Animal Care and Use Committee of The Second Affiliated
Hospital of Nanchang University.

2.2. Microarray-based analysis

The expression of TLN1 in HCC of TCGA database was ana-
lyzed using starBase (http://starbase.sysu.edu.cn/panGeneDiffExp.
php). The prediction regarding the possible upstream regula-
tory miRNA for TLN1 was performed in connection with the
following 6 databases, TargetScan (http://www.targetscan.org/

vert_71/), starBase (http://starbase.sysu.edu.cn/agoClipRNA.
php?source=mRNA), mirDIP (http://ophid.utoronto.ca/mirDIP/
index.jsp#r), miRDB (http://mirdb.org/miRDB/index.html),

DIANA (http://diana.imis.athena-innovation.gr/DianaTools/index.
php?r=microT_CDS/index) and miRSearch (https://www.exiqon.
com/miRSearch), from which the intersection of which was
obtained. The upstream regulatory IncRNA for miR-330-5p was
predicted with the use of the RNA22 database (https://cm.jefferson.
edu/rna22/Precomputed/) and Redundant Arrays of Independent
Drives (RAID) database (http://www.rna-society.org/raid/search.
html).

2.3. Study subjects and cell culture

A total of 46 cases of HCC comprised of 32 males and 14 females,
were selected from The Second Affiliated Hospital of Nanchang Uni-
versity between April 2016 to April 2017. There were 19 patients
aged <50 years and 27 aged >50 years; 28 with a tumor size <5cm
and 18 with tumor size >5cm. The paracancerous tissues 5cm
from the carcinomas were collected and regarded as the controls.
The tumors were categorized according to tumor-nodes-metastasis
(TNM) classification as follows: stage I, n=18; stage II, n=13; stage
I, n=15. Partial fresh tissues were preserved in liquid nitrogen
at —80°C for reverse transcription quantitative polymerase chain

reaction (RT-qPCR) purposes with the intention of determining
the expression of LINC00488 and miR-330-5p while the remain-
ing were fixed in 10% neutral formalin, embedded with paraffin
and sectioned for immunohistochemistry (IHC) and TLN1 quantifi-
cation.

Human normal liver cell line L02 (derived from human fetal
liver) and human HCC cell lines (Huh-7, Hep3B, HCCLM3 and
MHCC97) purchased from Shanghai Xiangfu Biotechnology Co.,
Ltd., (Shanghai, China) were subjected to gene expression examina-
tions. Cells were cultured in Roswell Park Memorial Institute (RPMI)
1640 complete medium supplemented with 10% fetal bovine serum
(FBS), 100 U/mL penicillin and 100 pg/mL streptomycin in an incu-
bator at 37°C with 5% CO, and saturated humidity. Half of the
medium was changed after a 48-h culture period and changed once
every 3 days. When cell confluence had reached 80%-90%, the cells
were detached with 0.25% trypsin and constructed into a single-
cell suspension. The expression of LINC00488 and miR-330-5p in
human normal liver cell line LO2 and human HCC cell lines (Huh-7,
Hep3B, HCCLM3 and MHCC97) was examined through the applica-
tion of RT-qPCR, with the cell line exhibiting the highest LINC00488
expression employed for subsequent experiments.

2.4. Immunohistochemistry (IHC)

The tissue specimen was fixed in 10% neutral formalin (DF0113,
Beijing Solarbio Life Sciences Co., Ltd., Beijing, China), embedded
with paraffin and sectioned at a thickness of 4 um. The slices
were baked at 60°C for 1 h and conventionally dewaxed by xylene
(YB-5485, Shanghai Yu Bo Biological Technology Co., Ltd., Shang-
hai, China), followed by hydration with gradient alcohol. Next, 3%
H,0, was employed to immerse the slices at room temperature for
20 min in order to eliminate endogenous peroxidase activity. Anti-
gen recovery methods were conducted twice, after which blockade
with 10% goat serum for 15 min was performed. The slices were
then incubated first with primary rabbit antibody to TLN1 (1:1000,
ab71333, Abcam Inc., Cambridge, MA, UK) at 4°C overnight, fol-
lowed by secondary biotin-labeled goat anti-rabbit antibody to
immunoglobulin G (IgG) (1:1000, ab6721, Abcam Inc., Cambridge,
MA, UK) at 37 °C for 40 min. Afterwards, the slices were visualized
by diaminobezidin (DAB) (DA1010, Beijing Solarbio Life Sciences
Co., Ltd., Beijing, China) and stained with hematoxylin (H8070, Bei-
jing Solarbio Life Sciences Co., Ltd., Beijing, China). Phosphate buffer
saline (PBS) was employed as the negative control (NC) replacing
the primary antibody. The results were examined and scored by
two independent observers using the double-blinded method. Five
fields of high power were selected in a random fashion under the
guidance of an optical microscope (CX41-12C02, Olympus Corp.,
Tokyo, Japan). Cells with brown yellow-colored particles inside
were regarded as positive cells.

2.5. Cell treatments

Human HCC cell line displaying the highest LINC00488
expression was selected for subsequent experiments. Following
trypsinization of the selected sub-cultured cells at passage 3, the
cells were seeded into 24-well plates. The culture liquid was
removed until the cells were observed to have grown into a mono-
layer. The cells were then intervened with si-NC, si-LINC00488,
mimic-NC, miR-330-5p mimic, inhibitor-NC, miR-330-5p inhibitor,
si-NC, si-TLN1 and miR-330-5p mimic+pcDNA TLN1 plasmids,
respectively. The cells were seeded 24 h prior to transfection until
cell confluence reached 50%-60%. Cell transfection was conducted
in accordance with the instructions of the lipofectamine 2000
(11668-019, Invitrogen Inc., Carlsbad, CA, USA).
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2.6. RNA fluorescence in situ hybridization (RNA-FISH)

The sub-cellular localization of LINC0O0488 in HCC cells was
obtained using bioinformatics tools available at http://Incatlas.
crg.eu/ and identified by means of FISH following the instruc-
tions of Ribo™ IncRNA FISH Probe Mix (Red) (Ribobio Co., Ltd.,
Guangzhou, Guangdong, China). The coverslip was placed in a 24-
well plate, where cells were seeded at a density of 6 x 10% cells/well.
When cell confluence reached approximately 80%, the plate was
fixed with 1 mL of 4% paraformaldehyde, and treated with pro-
teinase K (2 wg/mL), glycine and acetylation reagent. The cells
were prehybridized with 250 L prehybridization solution at 42 °C
for 1h and then hybridized with 250 pL hybridization solution
containing LINC00488 probe (300 ng/mL) at 42 °C overnight. The
nucleus was stained with phosphate-buffered saline with Tween-
20 (PBST)-diluted 4’,6-diamidino-2-phenylindole (DAPI) (1 : 800)
in the 24-well plate for 5 min. The coverslips where the cells had
migrated to were then mounted with a quenching agent for fluores-
cence detection. Five fields were randomly selected for microscopic
observation and photography under a fluorescence microscope
(Olympus Corp., Tokyo, Japan).

2.7. Dual-luciferase reporter gene assay

Bioinformatics prediction website (https://cm.jefferson.edu/
rna22/Interactive/) was used to ascertain as to whether bind-
ing sites existed between LINC00488 and miR-330-5p as well
as between miR-330-5p and the 3’-untranslated region (3’-UTR)
of TLN1. Next, pmirGLO Dual-Luciferase miRNA Target Expres-
sion Vector (Promega Corp., Madison, WI, USA) was performed to
construct wild type-LINC00488 (Wt-LINC00488) and mutant type-
LINC00488 (Mut-LINC00488) vectors. The binding site between
LINC00488 and miR-330-5p was determined by means of dual-
luciferase reporter gene assay. A full length of LINC0O0488 gene was
inserted between the two enzyme sites, Xho I and Xba I. The PCR
products were detached by Xho I and Xba I and sub-cloned into the
psiCHECK-2 vector. The cells were seeded into a 6-well plate with
2 x 10° cells/well and transfected in accordance with the aforemen-
tioned method. The successfully transfected cells were collected
after a 48-h culture period. The effects of miR-330-5p on luciferase
activity of 3’-UTR of TLN1 were detected based on the instruc-
tions provided by the dual-luciferase detection kit (DO010, Beijing
Solarbio Life Sciences Co., Ltd., Beijing, China). Glomax20/20 lumi-
nometer (E5311, Shaanxi Zhongmei Biotechnology Co., Ltd., Xi’an,
Shaanxi, China) was utilized for fluorescence intensity determina-
tion. The experiment was repeated 3 times.

2.8. RNA-pull down and RNA immunoprecipitation (RIP)

The Hep3B cells were manipulated with 50 nM biotin-labeled
Wt-bio-LINC00488 RNA and Mut-bio-LINC00488 RNA for 48 h. The
cells were collected, and then incubated in the specific lysate buffer
(Ambion, Austin, Texas, USA) for 10 min. The lysates were incubated
with the M-280 streptavidin beads (S3762, Sigma-Aldrich Chemical
Company, St. Louis, MO, USA) that were pre-coated with RNase-
free bovine serum albumin (BSA) and yeast tRNA (TRNABAK-RO,
Sigma-Aldrich Chemical Company, St. Louis, MO, USA). Following
incubation at 4°C for 3 h, the beads were washed twice with pre-
cooled lysate buffer solution, low-salt buffer solution 3 times and
high-salt buffer solution on one occasion. The combined RNAs were
purified by Trizol, while miR-330-5p enrichment was examined by
RT-qPCR.

Next, the binding of LINCO0488 RNA to argonaute-2 (AGO2) pro-
tein was detected using a RIP kit (Millipore, Temecula, CA, USA).
Following pre-cooled PBS washing, the supernatant was discarded.
The cells were lysed using a radioimmunoprecipitation assay (RIPA)

Table 1
Primer sequences for RT-qPCR.

Gene Primer sequences (5’ -3")

F: CAATACTGACCACATCCACGTC
LINCOO488 R: GGGTCTGGCTCACTGTCTTTA
miR- F: CCCAGGAGGACTGAAGCAACAA
330- R: GCTATCTCAGGGCTTGTTGCTTC
Py F: TGTGCCAATGGCTACCTGGA

R: GAACCAGCCACACGCTTTGA
Caspase- F: AACTGGACTGTGGCATTGAG
3 R: ACAAAGCGACTGGATGAACC
CyelinD1 F: CTGTGCGCCCTCCGTATCTTA

R: GGCGGCCAGGTTCCACTTGAG

F: TGCCAGCAAACTGGTGCTCA
Bax R: GCACTCCCGCCACAAAGATG
Bcl- F: CGCATCAGGAAGGCTAGAGT
2 R: AGCTTCCAGACATTCGGAGA

F: GAAGGTCGGAGTCAACGGATTT
GAPDH R: ATGGGTGGAATCATATTGGAAC
U F: GTGCCTGCTTCGGCAGCACATA

R: TGGAACGCTTCACGAATTTGCGTGTC

Notes: RT-qPCR, reverse transcription quantitative polymerase chain reaction; LINC,
long intergenic noncoding; miR, microRNA; TLN1, Talin-1; Bcl-2, B-cell lymphoma
2; Bax, Bcl-2-associated X protein; GAPDH, glyceraldehyde 3-phosphate dehydro-
genase; F, forward; R, reverse.

lysis of equal volume (PO013B, Beyotime Biotechnology Co., Ltd.,
Beijing, China) in an ice bath for 5 min, followed by collection of
the supernatant via centrifugation (14,000 rpm, 10 min, 4 °C). A sec-
tion of the cell extract was used as the input while the remaining
part was incubated with antibody to AGO2 (ab32381, 1:50, Abcam
Inc., Cambridge, MA, UK) at room temperature for 30 min for co-
precipitation while IgG (ab109489, 1:100, Abcam Inc., Cambridge,
MA, UK) which served as a NC.

2.9. RNA isolation and quantification

Total RNA was extracted from the sample using an ultrapure
RNA extraction kit (D203-01, Beijing GenStar Co., Ltd., Beijing,
China). The primer sequences of LINC00488, miR-330-5p, TLN1,
Caspase-3, CyclinD1, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated
X protein (Bax), glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and U6 were designed and then synthesized by TaKaRa
Biotechnology Co., Ltd. (Dalian, Liaoning, China) as listed in Table 1.
The reaction was performed in connection with instructions of
TaqMan MicroRNA Assays Reverse Transcription Primer (4366596,
Thermo Scientific Pierce, Waltham, MA, USA). All the samples
were processed on ABI PRISM® 7300 (Prism®7300, Shanghai Kunke
Instrument Co., Ltd., Shanghai, China) according to the manual of
SYBR® Premix Ex TaqTM II kit (RR820A, Action-Award Biotechnol-
ogy Co., Ltd., Guangzhou, Guangdong, China). U6 was employed as
the endogenous control for miR-330-5p and GAPDH for LINC00488,
TLN1, Caspase-3, CyclinD1, Bax and Bcl-2. The fold changes were
calculated by means of relative quantification (2-2ACt method). The
experiment was repeated 3 times.

2.10. Western blot analysis

Total protein was extracted using a RIPA kit (RO010, Beijing
Solarbio Life Sciences Co., Ltd., Beijing, China). The cells were
lysed by protein lysis (60% RIPA+39% sodium dodecyl sulfate
(SDS) +1% protease inhibitor) on ice for 30 min and then cen-
trifuged (13,500 rpm, 30 min, 4 °C). The protein concentration of the
supernatant was determined using a bicinchoninic acid (BCA) kit
(Shanghai Jining Shiye Co., Ltd., Shanghai, China). After that, the cell
lysates were separated by SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) (300V, 30 min) and transferred onto a nitrocellulose
membrane by means of wet transfer. Membrane blockade was
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conducted using 5% BSA for 1h at room temperature and incu-
bated with diluted primary antibodies (Abcam Inc., Cambridge,
MA, UK): rabbit antibodies to TLN1 (ab71333, 1:1000), Cleaved
Caspase-3 (ab32042, 1:500), CyclinD1 (ab134175, 1:10000), Bax
(ab32503, 1:400) and Bcl-2 (ab59348, 1:500) overnight 4°C. The
membranes were then incubated with the horseradish peroxi-
dase (HRP)-conjugated goat anti-rabbit secondary antibody to IgG
(1:5000, Beijing Zhongshan Biotechnology Co., Ltd., Beijing, China).
Theresults were visualized with an exposure machine, with GAPDH
regarded as an internal control. The film was scanned, the gray
value was measured using the Wes automatic protein blot quantifi-
cation analysis system, after which the relative ratio was calculated
and subsequently compared with the internal reference. The exper-
iment was repeated 3 times in each group.

2.11. Flow cytometry

After 48 h of transfection, propidium (PI) (40710ES03, Shanghai
Qcbio Co., Ltd., Shanghai, China) single staining method was per-
formed in order to investigate the cell cycle distribution of Hep3B
cells in connection with the detection of red fluorescence at an exci-
tation wavelength of 488 nm using a flow cytometer (FACSCalibur,
BD, FL, NJ, USA). Hep3B cells were detached with 0.25% trypsin.
The supernatant was aspirated by means of centrifugation (4°C,
1000 r/min, 5 min), followed by an additional around of centrifuga-
tion (1000 r/min, 5 min). After the supernatant had been removed,
the cells were fixed with pre-cooled 70% ethanol at 4 °C overnight,
and subsequently centrifuged (1000 r/min, 5 min). Following incu-
bation with 10 pL of RNase at 37°C for 5min, 1% PI staining was
performed under condition void of light for 30 min at room tem-
perature. The experiment was repeated 3 times.

After 48-h transfection and detachment by ethylenediaminete-
traacetic acid (EDTA)-free trypsin, Hep3B cells were collected and
centrifuged (4°C, 1000 r/min, 5min) with the supernatant dis-
carded. The cells were subjected to centrifugation (1000 r/min,
5min). Following the removal of the supernatant, Hep3B cell apo-
ptosis was detected using an Annexin V-fluorescein isothiocyanate
(FITC)/PI apoptosis detection kit (CA1020, Beijing Solarbio Life
Sciences Co., Ltd., Beijing, China) using a flow cytometer. After bind-
ing buffer washing, the cells were re-suspended in a mixture of
Annexin-V-FITC and binding buffer (1:40), followed by incubation
at room temperature for 30 min. The incubation was permitted to
continue for an additional 15 min at room temperature followed by
the addition of the mixture of Annexin-V-FITC and Binding buffer
(1:40). The experiment was repeated 3 times.

2.12. 5-Ethynyl-2'-deoxyuridine (EdU) assay

When cell confluence reached approximately 80%, Cell-Light™
EdU fluorescence microscope detection kit (C10301, Ribobio Co.,
Ltd., Guangzhou, Guangdong, China) was employed for Hep3B
cell proliferation detection in accordance with the manufac-
turer’s instructions. The Hep3B cells were exposed to 50 uM EdU
(100 p.L/well) for 2 h, fixed with PBS containing 4% paraformalde-
hyde (100 pwL/well) at room temperature for 15-30min and
incubated with 2 mg/mL glycine for 10 min. The cells were perme-
abilized with PBS comprised of 0.5% TritonX-100 (100 wL/well) and
stained with 100 L 1X Apollo dye liquor at room temperature for
30 min under conditions void of light. Incubation was continued
following the addition of 100 wL Hoechst33342 at room temper-
ature for 10-30 min in dark. After treating with Hoechst33342,
microscopic observation was performed under the guidance of a
fluorescence microscope. At least 3 fields were then selected from
each well.

2.13. Xenograft tumor in nude mice

A total of 30 nude mice were housed in a laminar flow room of
specific pathogen free (SPF)-level at constant temperature in a con-
stant humid environment where padding, drinking water and feed
were autoclaved. Hep3B cells were cultured, collected and made
into cell suspension (1 x 108 cells/100 L) by PBS. Cell suspension
(0.2 mL) was inoculated subcutaneously using a syringe (1 mL) on
the back of the nude mice. Each cell line was inoculated into 6 nude
mice, all of which were then housed in a SPF animal room. Tumor
formation was observed on a weekly basis with the tumor size
recorded and the data obtained used to create a growth curve. The
tumor size was based on the following formula: tumor size=1/2
(long diameter x short diameter?2). Five weeks later, all nude mice
were euthanized, followed by the collection of tumors with the
tumor weight recorded and tumor volume calculated.

The intratumor microvascular density (MVD) was assessed as a
biomarker for angiogenesis. IHC staining of CD34 (monoclonal anti-
body, Zymed Laboratories, San Diego, Southern California, USA) was
performed in accordance with the method prescribed by Weidner
et al. [19] as a reference of CD34 positive. Any brown-colored vas-
cular endothelial cell or endothelial cell cluster, which was clearly
separated from adjacent microvessels, tumor cells, and other con-
nective tissue elements, was considered as a single microvessel and
a MVD value. Areas exhibiting the highest neovascularization were
detected by means of scanning the tumor sections at a low power.
After the area with the highest neovascularization was identified,
individual microvessel counts were made on a 400 x field. The cells
that were vague or blurred were excluded. Five fields were ran-
domly selected with the mean value obtained.

2.14. Statistical analysis

All experimental data were analyzed using the Statistic Pack-
age for Social Science (SPSS) 19.0 statistical software (IBM Corp.,
Armonk, NY, USA). The experiments were repeated 3 times.
Measurement data were expressed as meandstandard devia-
tion. Comparisons between two groups were analyzed by t-test.
Comparisons among multiple groups were analyzed by one-way
analysis of variance (ANOVA), and tumor volumes at different time
points were compared by repeated measurement ANOVA, followed
by Tukey’s post hoc test. A p <0.05 was considered to be statistically
significant.

3. Results

3.1. TLN1 is highly expressed in HCC and regulated by
miR-330-5p

According to literature review, TLN1 plays important roles in
multiple tumors [20,21], yet the role of TLN1 in HCC remains
unclear. As per the TCGA database, data obtained indicating that
TLN1 was highly expressed in HCC (Fig. 1A). In order to fur-
ther understand the regulatory mechanism of TLN1, 6 different
databases including TargetScan were utilized to predict the poten-
tial miRNA that could regulate the expression of TLN1 in relation
to the intersection results (Fig. 1B), which revealed there to be 2
miRNAs (miR-330-5p and miR-326) in the intersection. The score
for the binding of has-miR-330-5p to TLN1 was much higher than
that of miR-326 to TLN1. Mounting evidence has indicated the reg-
ulatory function of miR-330-5p in different tumors as a competing
endogenous RNA (ceRNA) [16,22,23]. Therefore, miR-330-5p was
then identified as the subject for further investigation. Meanwhile,
in order to elucidate the mechanism by which miR-330-5p and
TLN1 influence HCC, RNA22 and RAID databases were employed to
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make predictions regarding the possible IncRNA that could regulate
the miR-330-5p expression. Recently, a published study indicated
that 18 IncRNAs were highly expressed in HCC [10]. However,
there was only one IncRNA, namely LINC00488, detected within
the intersection of RNA22 database, RAID database as well as the
above-mentioned published study, which was also found to be
highly expressed in HCC. These findings suggest that, LINC00488
can affect the progression of HCC and act to potentially regulate
the expression of miR-330-5p, which targets TLN1 and regulates
its expression.

3.2. LINC00488 is highly expressed in HCC tissues and cell lines

The first step in our experiment was to verify the expression of
LINC00488 in paracancerous and HCC tissues through RT-qPCR, the
results of which revealed that LINC0O0488 was notably expressed at
a higher level in HCC tissues than in the paracancerous tissues (p <
0.05, Fig. 2A). Besides, the expression of LINC00488 in HCC stage
I, Il and III was shown in Fig. 2B, suggesting that compared with
HCC stage I, LINC00488 was highly expressed in HCC stage II and
Il (p< 0.05). Furthermore, the selection process was performed
based in relation to the expression of LINC00488 in human normal
liver cell line LO2 and HCC cell lines (Huh-7, Hep3B, HCCLM3 and
MHCC97). Compared with LO2 cell line, the LINC0O0488 expression
in the HCC cell lines was markedly increased (all p< 0.05, Fig. 2C),
among which the Hep3B cell line exhibited the highest LINC00488
expression. Therefore, the HCC cell line Hep3B was selected for the
subsequent experiments.

3.3. Silencing of LINC0O0488 inhibits Hep3B cell proliferation and
angiogenesis while inducing cell apoptosis

With the results in the above section detailing the altered
expression of LINC00488 in HCC, the following experiments were
designed to observe the cellular function of LINC00488. FISH was
conducted in order to determine the subcellular localization of
LINC00488, the results of which revealed that LINC00488 (green)
was predominantly distributed in the cytoplasm (Fig. 3A) with
blue representing the nucleus. Subsequently, in order to evaluate
the regulation of LINCO0488 on factors related to cell proliferation

and apoptosis, RT-qPCR and western blot analysis were applied for
the quantification of the expression of LINC00488, CyclinD1, Bcl-2,
Cleaved Caspase-3 and Bax in Hep3B cells with the varying expres-
sion of LINC00488, both of which were also assessed by EdU assay
and flow cytometry. Compared with the cells manipulated with
si-NC, the cells manipulated with si-LINC0O0488 exhibited a lower
expression of LINC00488 and TLN1, a lower cell proliferation rate,
in addition to increased miR-330-5p expression, higher apoptosis
rate, more cells arrested at the GO/G1 stage and fewer cells at S stage
(all p< 0.05, Fig. 3B-F) while the protein expression of CyclinD1
and Bcl-2 were down-regulated and those of cleaved Caspase-3
and Bax were up-regulated (all p < 0.05, Fig. 3F). Next, the xenograft
tumor in nude mice was conducted in order to measure MVD value,
which is widely considered to be a morphological measure of tumor
angiogenesis. The results demonstrated that si-LINC00488 consid-
erably diminished the intratumor MVD and tumor volume (both p <
0.05, Fig. 3G-H). Based on the aforementioned results, we arrived
at the conclusion that silencing LINC00488 can inhibit Hep3B cell
proliferation and tumor angiogenesis and promote cell apoptosis.

3.4. LINC00488 competitively sponges miR-330-5p and
miR-330-5p negatively regulates TLN1

Following the elucidation on the role of LINC00488 in HCC, the
next step was to identify the potential molecular mechanism. Based
on the prediction results provided by the bioinformatics website,
specific binding sites between miR-330-5p and LINC0O0488 were
identified. Dual-luciferase reporter gene assay was employed to
further ascertain as to whether LINC00488 could competitively
sponge miR-330-5p since relative luciferase activity of LINCO0488-
Wt was obviously weakened by miR-330-5p mimic while no similar
reduction was observed in relation to the luciferase activity of
LINC00488-Mut 3'UTR when compared to the mimic NC treatment
(p< 0.05, Fig. 4A).

RNA-pull down and RIP assays were conducted in order to fur-
ther verify the interaction between LINC00488 and miR-330-5p.
The results of RNA pull-down assay indicated that when compared
with LINC00488-Mut, relative miR-330-5p enrichment was signif-
icantly increased in LINCO0488-Wt (p< 0.05, Fig. 4B), suggesting
that miR-330-5p and LINC00488 could directly bind to each other.
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The RIP assay applied demonstrated that when compared with IgG, RT-qPCR was then employed for investigation on the possi-
the relative LINCO0883 enrichment in AGO2 was notably elevated ble regulatory role of miR-330-5p on TLN1 (Fig. 4E). The results
(p<0.05, Fig. 4C), highlighting that LINCO0883 could bind to AGO2 revealed that miR-330-5p expression increased and TLN1 expres-
protein. Based on the aforementioned results, it was concluded that sion decreased in cells manipulated with miR-330-5p mimic in
LINCO00883 can competitively sponge miR-330-5p. contrast to mimic-NC treatment (p< 0.05). Compared with si-NC
In order to deepen our understanding of the relationship intervention, miR-330-5p expression did not differ significantly
between miR-330-5p and TLN1, the bioinformatics website was in cells treated with siRNA against TLN1, which lowered the
explored for predictive results. The predictive results obtained TLN1 expression (p < 0.05). Besides, miR-330-5p expression exhib-
revealed that there were specific binding sites on 3’-UTR of TLN1 ited a remarkable increase following treatment of miR-330-5p
for miR-330-5p. Further evidence was collected by a dual-luciferase mimic+pcDNA TLN1 or miR-330-5p mimic only (p < 0.05) in com-
reporter gene assay which demonstrated that miR-330-5p mimic parison to cells without any intervention. The above data provided
was able to suppress the relative luciferase activity of TLN1-Wt verification, suggesting that TLN1 is a target gene of miR-330-5p
compared with mimic-NC (p < 0.05,) while no significance regard- and regulated negatively by miR-330-5p.
ing relative luciferase activity of TLN1-Mut was detected (p > 0.05,
Fig. 4D), indicating that miR-330-5p could target TLN1.
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3.5. Resorted miR-330-5p negatively mediating TLN1 inhibits
tumorigenesis of HCC

After the demonstration of the anti-tumor effects of LINC00488,
the focus of the experiment was then shifted to the regulatory
mechanism of miR-330-5p in HCC cell functions in association with
TLN1. RT-qPCR was conducted to investigate the altered expression
of miR-330-5p and TLN1 in HCC, the results of which indicated that
miR-330-5p was expressed at a lower level while that of TLN1 was
expressed at a markedly higher level among the HCC tissues in com-
parison to the paracancerous tissue (p <0.05, Fig. 5 A). In order to
determine the positive expression rate of TLN1, IHC was performed,
the results of which revealed that positive expression rate of TLN1
was much higher in HCC tissues than that in paracancerous tissues
(p<0.05, Fig. 5B). For verification purposes, RT-qPCR was employed

to determine the relative expression of miR-330-5p in human nor-
mal liver cell line LO2 and HCC cell lines (Huh-7, Hep3B, HCCLM3
and MHCC97). The results confirmed that 4 HCC cell lines all exhib-
ited lower miR-330-5p expression and higher TLN1 expression than
human normal liver cell line LO2 (all p<0.05, Fig. 5C). Combined
with the results of RT-qPCR and IHC, we concluded that miR-330-5p
is poorly expressed in HCC tissue while TLN1 is opposite.
Following transfection, HCC cell biological behaviors in vitro
affected by miR-330-5p or TLN1 were analyzed by means of
western blot analysis, EAU assay and flow cytometry. The results
illustrated that when miR-330-5p increased, relative protein
expression of CyclinD1 and Bcl-2 was down-regulated, and Cleaved
Caspase-3 and Bax was up-regulated, which indicated that cell
proliferation was blocked and cell apoptosis was accelerated in
comparison to mimic-NC intervention (p<0.05). Similar results
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expression of miR-330-5p and TLN1 in human normal liver cell line L02 and HCC cell lines (Huh-7, Hep3B, HCCLM3 and MHCC97) determined by RT-qPCR, *p < 0.05 vs. the
LO2 cell line; (D) relative protein expression of cell proliferation-related factor (CyclinD1) and cell apoptosis-related factors (Bcl-2, Cleaved Caspase-3 and Bax) determined by
western blot analysis; (E) cell proliferation in cells treated with different expression patterns of miR-330-5p and TLN1 detected by EdU assay (x200); (F) cell apoptosis in cells
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were observed among cells manipulated with siRNA against TLN1
in comparison to the si-NC intervention (p<0.05). A contradic-
tory trend was observed in cells introduced with miR-330-5p
inhibitor in contrast to inhibitor NC intervention (p <0.05). How-
ever, no significant differences were found in the cells treated with
miR-330-5p mimic + pcDNA TLN1 compared with mimic-NC inter-
vention, si-NC intervention or inhibitor NC intervention (p >0.05,
Fig. 5D-F).

Intratumor MVD was regarded as a marker of tumor angiogene-
sis in vivo through xenograft tumor in nude mice. Key observations
were made indicating that miR-330-5p mimic was capable of
reducing the value of MVD while diminishing tumor volume
was detected when compared with mimic-NC treatment (p <0.05)
with no significant differences detected following miR-330-5p
mimic + pcDNATLN1 treatment (p > 0.05, Fig. 5G-H). Consequently,
these findings suggest that Hep3B cell proliferation is inhibited
and cell apoptosis is induced in vitro while tumor angiogenesis is
suppressed in vivo in the event of miR-330-5p elevation.

4. Discussion

As the third leading cause of cancer related deaths worldwide,
HCC has a notably high rate of recurrence of approximately 70%
hepatic resection within 5 years, which is a commonly applied
for certain patients especially suffering from early HCC [24,25].
Therefore, efforts should be made to comprehensively understand
early development of HCC. A previous meta-analysis revealed that a
group of IncRNAs that either highly or poorly expressed in HCC may
offer potential prognostic indicators for therapeutic intervention
[26].Inthe current study, attempts were made to elucidate the roles
of LINC00488 and miR-330-5p in hepatocarcinogenesis. The results
obtained provided verification regarding our initial hypothesis that
Hep3B cell proliferation in vitro and tumor angiogenesis in vivo are
inhibited while Hep3B cell apoptosis in vitro is elevated with the
presence of LINC00488 silencing or the restoration of miR-330-5p
as well as the down-regulated TLN1.

A key finding of the current study revealed there to be high
expression of TLN1 along with poor miR-330-5p expression in the
HCC samples. Evidence was collected indicating that TLN1 was
targeted and negatively regulated by miR-330-5p. TLN1 has been
identified as an oncogene exhibiting high levels of expression in
HCC cells contributing to various processes in HCC progression,
including cell growth, tumor metastasis and ion transport [27].
TLN1 knockdown exerts inhibitory effects on HCC MHCC-97L cell
migration in the malignant processes of HCC [28]. Therefore, the
up-regulation of TLN1 in HCC was indicated to potentially play a
functional role in relation to tumor progression, highlighting a role
as a prognostic marker [29]. Apart from miR-330-5p, certain miR-
NAs such as miR-9, have been shown to share a negative correlation
with the expression of TLN1, miR-9 may participate in metastasis
and adhesion of HCC by regulating TLN1 [30], which was consis-
tent with the findings of the current study whereby miR-330-5p
was found to target and negatively regulate TLN1.

In the present study, it was observed that elevated miR-330-
5p could act to down-regulate the expression of TLN1 and further
weaken the proliferative and angiogenic abilities of Hep3B cells,
which ultimately slows down the progression of HCC. Angiogenesis
is understood to be a process characterized by new vessels forma-
tion from previous blood vessels, leading to lumen formation and

finally nascent vessel stabilization [31]. Due to the fact that an onco-
genic event may offer tumor cells access to strengthened survival
ability beyond surveillance, blood supply is required during the
dynamic tumor growth, shedding light on the critical role of tumor
angiogenesis [32]. A recent study concluded that angiogenesis is
the master regulator in hepatocarcinogenesis [33]. Accumulating
evidence has suggested the function of non-coding RNA is tightly
linked to angiogenesis. For instance, the significance of miRNAs in
angiogenesis has also been reported. miR-451 has been found as
a suppressor of tumor angiogenesis in regard to highly vascular-
ized HCC tumors [34]. The inhibitory effects of miR-29b on tumor
angiogenesis in breast cancer have also demonstrated by targeting
Akt3 protein [35]. Regarding IncRNA, on the other hand, evidence
has revealed the crucial roles of IncRNAs in angiogenesis induction
via both direct and indirect means to regulate tumor growth [36].
MVD has been shown to be a reliable marker capable of evaluating
angiogenic status when introduced to cancer tissues [37]. Elevated
MVD in HCC may reflect lower survival rate and higher risk of
recurrence [38]. Consistently, observations were made in this study
where nude mice with silenced LINC00488 had smaller tumors and
lower MVD value, highlighting the anti-angiogenic effects exerted
by LINC00488 inhibition.

Mechanically speaking, the results of the study revealed
a relationship between LINC00488 and miR-330-5p indicating
that LINCO0488 could competitively sponge miR-330-5p. Similar
IncRNA-miRNA mechanism in HCC has been reported that the
knockdown of the IncRNA HOXA cluster antisense RNA2 (HOXA-
AS2), which is also highly expressed in HCC, suppresses HCC
cell proliferation and promotes cell apoptosis via the miR-520c-
3p/glypican-3 axis [39]. Likewise, IncRNA metastasis-associated
lung adenocarcinoma transcript 1 (MALAT1) has been shown
to sponge miR-30a-5p, and silenced MALAT1 and restored miR-
30a-5p could suppress HCC cell migration and invasion [40]. In
addition, IncRNA CRNDE has also been indicated to be capable of
facilitating HCC cell proliferation, migration and invasion via the
miR-217/mitogen-activated protein kinase 1 axis [41]. Therefore,
regulation mode of IncRNA-miRNA is universal molecular interac-
tion in tumor progression.

To sum up, this present study suggests that silencing of
LINC00488 and restored miR-330-5p can facilitate the treatment
of patients with HCC by inhibiting HCC cell proliferation in vitro
and angiogenesis in vivo. In addition, our study indicated that
LINC00488 competitively sponged miR-330-5p to up-regulate lev-
els of TLN1, CyclinD1 and Bcl-2 and down-regulate levels of Cleaved
Caspase-3 and Bax, which alters cell cycle distribution, promotes
cell proliferation and inhibits apoptosis (Supplementary Fig. 1).
However, the present study did not investigate the detailed reg-
ulatory molecules of LINC00488 expression in liver. Yet, this issue
will sure be well-solved when the study of IncRNA is more thorough
in the near future.
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