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Introduction
Long non-coding RNA LINC00641 has been reported to regulate tumor progression in several
cancers. However, the expression and function of LINC00641 in hepatocellular carcinoma (HCC) is
still unclear.
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Material and methods
In this study, we measured the expression of LINC00641 in 79 pairs of HCC and adjacent normal
liver tissues. The clinical significance of LINC00641 in HCC was explored. We also investigated the
function of LINC00641 in HCC proliferation and invasion.
Results
We observed that LINC00641 expression was significantly increased in HCC relative to normal
tissues (P < 0.0001). High expression of LINC00641 was significantly associated with vascular
invasion, advanced TNM stage, and reduced overall survival in HCC patients. Knockdown of
LINC00641 inhibited the proliferation, colony formation, and invasion of HCC cells. In contrast,
overexpression of LINC00641 promoted HCC cell growth and invasiveness. In vivo studies confirmed
that knockdown of LINC00641 restrained tumorigenesis of HCC cells. Mechanistic studies revealed
that LINC00641 inhibited the expression of miR-501-3p, which has been previously reported to act as
a tumor suppressor in HCC. Furthermore, luciferase reporter assays validated that LINC00641
harbored a target site for miR-501-3p. Rescue experiments demonstrated that LINC00641-induced
proliferation and invasion of HCC cells was reversed by co-expression of miR-501-3p.
Conclusions
Taken together, LINC00641 contributes to aggressive phenotype of HCC cells by sponging
miR-501-3p and represents a promising therapeutic target for this disease.

Powered by TCPDF (www.tcpdf.org)

Long non-coding RNA LINC00641 promotes the growth and invasiveness of
hepatocellular carcinoma by antagonizing miR-501-3p

Haitao Xie1, Hui Zhou2, Yan Jiang1, Wenqian Xu1, Leping Zeng3,*, Xiaoxin Jiang1,4,*
1

Department of Clinical Laboratory, The First Affiliated Hospital, University of South

China, Hengyang, China
2

Tumor Hospital Xiangya School of Medicine of Central South University, Changsha,

Department of Anatomy and Neurobiology, Biology Postdoctoral Workstation, Basic

rin

3

t

China

School of Medicine, Central South University, Changsha, China

*

The People's Hospital of Longhua, Shenzhen, China

Pr
ep

4

Corresponding authors.

Leping Zeng

Department of Anatomy and Neurobiology, Biology Postdoctoral Workstation, Basic
School of Medicine, Central South University, Changsha 410013, China
E-mail: zengleping@hotmail.com
Xiaoxin Jiang
Department of Clinical Laboratory, The First Affiliated Hospital, University of South
China, Hengyang, China
E-mail: XJiang_2018@163.com

1

Abstract
Long non-coding RNA LINC00641 has been reported to regulate tumor progression
in several cancers. However, the expression and function of LINC00641 in
hepatocellular carcinoma (HCC) is still unclear. In this study, we measured the
expression of LINC00641 in 79 pairs of HCC and adjacent normal liver tissues. The
clinical significance of LINC00641 in HCC was explored. We also investigated the
function of LINC00641 in HCC proliferation and invasion. We observed that
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LINC00641 expression was significantly increased in HCC relative to normal tissues
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(P < 0.0001). High expression of LINC00641 was significantly associated with
vascular invasion, advanced TNM stage, and reduced overall survival in HCC patients.
Knockdown of LINC00641 inhibited the proliferation, colony formation, and invasion
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of HCC cells. In contrast, overexpression of LINC00641 promoted HCC cell growth
and invasiveness. In vivo studies confirmed that knockdown of LINC00641 restrained
tumorigenesis of HCC cells. Mechanistic studies revealed that LINC00641 inhibited
the expression of miR-501-3p, which has been previously reported to act as a tumor
suppressor in HCC. Furthermore, luciferase reporter assays validated that LINC00641
harbored a target site for miR-501-3p. Rescue experiments demonstrated that
LINC00641-induced proliferation and invasion of HCC cells was reversed by
co-expression of miR-501-3p. Taken together, LINC00641 contributes to aggressive
phenotype of HCC cells by sponging miR-501-3p and represents a promising
therapeutic target for this disease.
Key words: hepatocellular carcinoma; lncRNA; metastasis; target gene.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common and deadly malignancies
in the world [1]. A number of risk factors for HCC have been identified, such as
infection with hepatitis B virus (HBV) and hepatitis C virus (HCV), liver cirrhosis,
and alcohol use [2,3]. Despite the efforts made on the treatment of HCC, the
prognosis of advanced HCC is still poor, with the 5-year overall survival rate of <20%
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[4,5].

Long non-coding RNAs (lncRNAs) are a large class of transcripts longer than 200 bp
that lack the protein-coding ability [6]. Mounting evidence indicates that lncRNAs
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can participate in various physiological and pathological processes, such as
development, differentiation, tumorigenesis, and inflammation [7]. lncRNAs are
aberrantly regulated in cancer tissues, and have been suggested as useful biomarkers
for cancer detection and prognosis [8-10]. lncRNAs can act as competing endogenous
RNA (ceRNA) to block the action of microRNAs (miRs), a class of small non-coding
RNAs [11,12]. For instance, the lncRNA AC016405.3 sponges miR-19a-5p to
upregulate TET2 in glioblastoma cells [11]. lncRNA UCA1 is upregulated in
proliferating-phase hemangiomas and modulates cell proliferation and invasion via
regulation of miR-200c [12].

LINC00641, which is located at chromosome 14q11.2, has been shown to be
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dysregulated in several cancers, such as bladder cancer [11] and non-small-cell lung
cancer (NSCLC) [12]. Li et al reported that LINC00641 expression is downregulated
in bladder cancer tissues, and overexpression of LINC00641 suppresses the
proliferation and invasion of bladder cancer cells [13]. Similarly, LINC00641
suppresses the proliferation of NSCLC by sponging miR-424-5p [14]. However, the
expression and function of LINC00641 in HCC is poorly understood.
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In this study, we investigated the expression and prognostic significance of
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LINC00641 in HCC. The effects of LINC00641 overexpression and knockdown on
HCC cell proliferation and invasion were determined. Moreover, the mechanism by
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which LINC00641 modulates the aggressive phenotype of HCC was deciphered.
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Materials and methods

Tissue specimens
Human HCC specimens and paired noncancerous liver tissues were collected from 79
HCC patients who were treated at our hospital. No patients received anticancer
treatment prior to surgery. The tissue samples were snap-frozen in liquid nitrogen and
stored at -80 °C before use. Written informed consent for research was obtained from
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each patient. The study was approved by the Ethics Committee of University of South

Cell lines
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China (Hengyang, China).
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Three HCC cell lines (PLC/PRF/5, SMMC-7721, and HepG2) and one normal human
liver cell line LO2 were purchased from the Type Culture Collection of Shanghai
Institute of Cell Biology, Chinese Academy of Sciences (Shanghai, China). They were
cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10%
fetal bovine serum (FBS; Thermo Fisher Scientific, Waltham, MA, USA). All cells
were maintained at 37°C with 5% CO2. Mycoplasma contamination was not observed
in all the cell lines.

Quantitative real-time PCR (qPCR) analysis
Total RNA was extracted from tissues or cells using TRIzol reagent (Invitrogen,
Grand Island, NY, USA). cDNA was obtained through reverse transcription using the
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Prime Script RT Reagent Kit (Takara, Dalian, China). qPCR assays were performed
using the FastStart Universal SYBR Green Master Mix (Roche Diagnostics,
Mannheim, Germany). The sequences of the primers used were as follows:
LINC00641 (sense): 5′-GGCTCCAGGATGCAGGAGT-3′, LINC00641 (antisense):
5′-GCCAGCGGATAAATATTTCAG-3′,

GAPDH

5′-ACCACAGTCCATGCCATCAC-3′,

and

(sense):

GAPDH

(antisense):

5′-ACCACCCTGTTGCTGTA-3′. miR expression levels were determined using the
mirVana qRT-PCR microRNA Detection Kit (Thermo Fisher Scientifi), according to
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the manufacturer’s instructions. U6 was used as a normalization control. The relative
expression levels of RNAs were calculated using the comparative Ct method [15].
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Plasmids construction

The plasmids expressing LINC00641, LINC00641-targeting short hairpin RNA
(shRNA), and control shRNA were commercially constructed. miR-501-3p mimic and
control miR mimic were purchased from Sigma-Aldrich (St. Louis, MO, USA). The
fragment of LINC00641 containing the predicted miR‐501-3p binding site was
amplified

by

PCR

using

the

following

primers:

5′-CAGCTACCATGCCAATCCAAGC-3′;

forward:
reverse:

5′-GAAGATCTGCTCTCAGGGAAG-3′. The PCR product was then cloned into the
pGL3 plasmid. Disruption of the miR‐501-3p binding site was performed using the
Site-Directed Mutagenesis Kit (New England Biolabs, Ipswich, MA, USA).
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Cell transfection
Cell infection was performed using Lipofectamine 3000 (Invitrogen) according to the
manufacturer’s protocol. For generation of LINC00641-depleted stable cell lines,
transfected SMMC-7721 cells were selected with 2 µg/ml puromycin (Sigma-Aldrich)
for 4 days. For generation of LINC00641-overexpressing cells, transfected HepG2
cells were selected with 800 µg/ml G418 (Sigma-Aldrich) for 14 days.
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Cell proliferation assay
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After transfection with indicated constructs, cells were seeded into 12-well plates (1.5
× 105 cells/well) and cultured for 24-72 h. Cells were counted every 24 h, and cell
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proliferation was determined.

Colony formation assay

After transfection with indicated constructs, cells were plated into 6-well plates (400
cells/well) and cultured for 10-14 days. Colonies were stained with 0.5% crystal violet
(Sigma-Aldrich), photographed, and counted.

Transwell invasion assay
Transwell invasion assay was conducted as reported previously [16]. In brief, 1 × 104
cells suspended in serum-free medium were added to the upper chambers of the
Matrigel-coated transwell plates (Corning Costar Co, Lowell, CA, USA). The lower
chambers were filled with serum-containing medium. After a 24-h incubation, the
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invaded cells were fixed in 4% paraformaldehyde, stained with crystal violet, and
counted under a microscope.

Animal experiments
All animal experiments were approved by the Institutional Animal Care and Use
Committee at the University of South China. Six-week-old male athymic nude mice
were housed in a specific pathogen-free condition on a 12-h light/dark cycle with free
access to food and water. SMMC-7721 or HepG2 cells stably transfected with
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indicated constructs were injected into the flanks of nude mice (5 × 106 cell/mouse).
Tumor development and growth were monitored weekly for 4 weeks. Tumor volume
was calculated following the formula: Volume = (L × W2)/2, with L being the largest

mice
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diameter (mm) and W being the smallest diameter (mm). After the last measurement,
were

sacrificed.

Xenograft

tumors

were

resected

and

weighed.

Immunohistochemistry assay for Ki-67 was performed on tumor sections as described
previously [17]. Briefly, tissue sections were incubated with anti-human Ki-67
antibody (1:200; Abcam, Cambridge, UK) at 4 °C overnight. After washing, the
sections were incubated with biotin-labeled rabbit anti-mouse IgG (Sigma-Aldrich).
3,3′-Diaminobenzidine (Sigma-Aldrich) was used as the chromogenic substrate for
horseradish peroxidase. Nuclei were counterstained with haematoxylin.

Luciferase reporter assay
Luciferase reporter assays were performed as described previously [18]. In brief,
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SMMC-7721 cells were plated into 24-well plates (5 × 104 cells/well) and
co-transfected with LINC00641 luciferase reporter plasmids and miR-501-3p mimic
or control miR mimic. The pRL-TK plasmid (Promega, Madison, WI, USA) encoding
the Renilla luciferase gene was used to control for transfection efficiency. Forty-eight
hours post-transfection, the luciferase activities were measured using the
Dual-Luciferase Reporter Assay System (Promega) according to the manufacturer's
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instructions.
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Statistical analysis

Data are presented as the mean ± standard deviation (SD). Statistical significance was
assessed by the Student's t test or one-way analysis of variance followed by Tukey’s
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post hoc tests. The association of LINC00641 expression with clinicopathological
parameters was evaluated by the Chi-square test. Survival curves were plotted with
the Kaplan-Meier method, and statistically compared using the log-rank test. A P <
0.05 was regarded to be statistically significant.
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Results

LINC00641 upregulation is associated with poor prognosis of HCC
To determine the expression and clinical significance of LINC00641 in HCC, we
measured its levels in 79 pairs of HCC and adjacent normal tissues. The results
demonstrated that LINC00641 expression was significantly increased in HCC relative
to normal tissues (P < 0.0001; Figure 1A). According to the expression levels of
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LINC00641, the cancer specimens were divided into 2 groups: high vs. low
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LINC00641 groups. Of note, higher LINC00641 levels were significantly correlated
with vascular invasion (P = 0.0081) and advanced TNM stage (P = 0.0316) (Figure
1B). Kaplan-Meier analysis demonstrated that increased LINC00641 expression was
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significantly associated with shorter overall survival of HCC patients (P = 0.0143;
Figure 1C). Furthermore, the 3 HCC cell lines tested had elevated LINC00641
expression compared to normal hepatocyes (Figure 1D). These results suggest that
LINC00641 may be engaged in HCC progression.

Depletion of LINC00641 suppresses the growth and invasiveness of HCC cells in
vitro
To determine the role of LINC00641 in HCC progression, we knocked down its
expression in PLC/PRF/5 and SMMC‐7721 cells using shRNA technology (Figure
2A). We found that depletion of LINC00641 significantly suppressed the proliferation
(Figures 2B) and colony formation (Figure 2C) of PLC/PRF/5 and SMMC‐7721
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cells. Furthermore, knockdown of LINC00641 caused a decline in PLC/PRF/5 cell
invasiveness, as determined by Transwell invasion assay (Figure 2D). Taken together,
these results indicate that LINC00641 plays an essential role in HCC growth and
invasion.

Overexpression of LINC00641 enhances HCC growth and invasiveness in vitro
Next, we examined the effects of overexpression of LINC00641 on HCC cell

t

proliferation and invasion. Ectopic expression of LINC00641 (Figure 3A) led to a
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significant elevation in cell proliferation (Figure 3B) and colony formation (Figure
3C) in HepG2 cells. Moreover, overexpression of LINC00641 promoted the invasion
of HepG2 cells (Figure 3D). Collectively, these data demonstrate that LINC00641
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can exert a growth-promoting activity in HCC.

LINC00641 contributes to HCC growth in vivo

Next, we explored the effect of LINC00641 silencing on HCC growth in vivo.
Xenograft tumor assay showed that knockdown of LINC00641 remarkably blocked
the tumorigenesis of SMMC-7721 cells (Figure 4A). Tumor weight was lower in the
LINC00641 knockdown group than in the control group (P < 0.05; Figure 4B).
Immunohistochemistry for Ki-67 confirmed that the percentage of Ki-67-positive
cells was reduced in LINC00641-depleted xenograft tumors (Figure 4C). Conversely,
overexpression of LINC00641 augmented the tumorigenesis of HepG2 cells (Figures
4A and 4B), which was associated with an increased percentage of Ki-67-positive
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cells (Figure 4C).

LINC00641 exerts its oncogenic activity by inhibiting miR-501-3p
Given that lncRNAs can exert their biological effects through interaction with miRs
[19,20], we used starBase v3.0 (http://starbase.sysu.edu.cn/) to predict candidate
target miRs of LINC00641. We chose 5 candidate miRs for further validation, i.e.,
miR-320a, miR-422a, miR-206, miR-501-3p, and miR-212-5p. Among them, only

t

miR-501-3p expression was significantly downregulated by overexpression of
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LINC00641 in HepG2 cells (Figure 5A). The other miRs tested remained unchanged.
Next, we tested whether miR-501-3p could repress the expression of LINC00641
through direct interaction with the putative target site. Luciferase reporter assay
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showed that the luciferase reporter harboring the putative target site in LINC00641
was remarkably repressed by miR-501-3p (Figure 5B and 5C). Mutation of the
putative target site eliminated miR-501-3p-mediated repression of the luciferase
reporter, confirming that miR-501-3p shows the capacity to target LINC00641.

Since previous studies have indicated that miR-501-3p serves as a tumor suppressor in
HCC [21], we asked whether LINC00641-mediated aggressive phenotype in HCC is
ascribed to antagonization of miR-501-3p. To this end, we performed rescue
experiments by overexpressing miR-501-3p in LINC00641-overexpressing HCC cells.
We found that LINC00641-induced proliferation (Figure 5D) and invasion (Figure
5E) was impaired when miR-501-3p was co-expressed. These results collectively

12

indicate that inhibition of miR-501-3p contributes to LINC00641-dependent
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aggressive phenotype.
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Discussion

A number of lncRNAs have been proposed to represent potential prognostic factors
for HCC [22,23]. Ma et al [22] reported that HCC patients with increased expression
of lncRNA TP73-AS1 in tumors have a lower overall survival rate than those with
low expression of lncRNA TP73-AS1. Kang et al [23] reported that high expression
of lncRNA AY927503 is associated with metastatic phenotype and poor prognosis in
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patients with HCC. Our data identify LINC00641 as a novel prognostic indicator for
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HCC. We show that HCCs express LINC00641 at higher levels than normal tissues.
High expression of LINC00641 is correlated with vascular invasion and advanced
TNM stage of HCC. Moreover, increased LINC00641 expression in cancer tissues is
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significantly associated with reduced overall survival of HCC patients. These
observations suggest that the highly expressed LINC00641 contributes to the
progression of HCC.

Several studies have investigated the role of LINC00641 in cancer progression
[13,14]. For instance, overexpression of LINC00641 has been reported to inhibit the
proliferation and invasion of bladder cancer cells [13]. Another study demonstrates
that LINC00641 suppresses cell proliferation and induces cell apoptosis in non-small
cell lung cancer cells [14]. These studies suggest that LINC00641 plays a
tumor-suppressive role in several types of cancer. In the current study, our findings
provide first evidence to support the oncogenic activity of LINC00641. We
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demonstrate that targeted reduction of LINC00641 impairs the proliferation, colony
formation, and invasion of HCC cells. In contrast, overexpression of LINC00641
augments the proliferation and invasion of HCC cells. In vivo tumorigenic studies
confirm the requirement of LINC00641 for HCC growth. These data collectively
point toward an oncogenic role for LINC00641 in HCC, which explains the clinical
relationship between LINC00641 expression and aggressive phenotype of HCC. Our
observations, combined with previous studies suggest that LINC00641 plays a
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context-dependent role in tumor progression. Ongoing studies are conducted to
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validate the role of LINC00641 in regulation of hepatocellular carcinoma growth and
metastasis using an orthotopic mouse model of HCC.
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Previous reports have shown that LINC00641 functions as a competing endogenous
RNA for miR-197 in bladder cancer [13] and miR-424-5p in non-small cell lung
cancer [14]. Wang et al [24] reported that LINC00641 sponges miR-153-3p in the
pathogenesis of intervertebral disc degeneration. Therefore, we attempted to identify
the miR targets for LINC00641 in HCC. Intriguingly, we show that enforced
expression of LINC00641 selectively suppresses the expression of miR-501-3p in
HCC cells. Luciferase reporter assay validated that miR-501-3p represses the
expression of the LINC00641 reporter through interaction with the putative binding
site in LINC00641. Our data suggest miR-501-3p as a novel target of LINC00641.

miR-501-3p is dysregulated in multiple cancer types, including pancreatic ductal

15

adenocarcinoma [25], colorectal cancer [26], and HCC [21], suggesting its important
role in cancer progression. Zhang et al [27] reported that miR-501-3p expression is
downregulated in prostate cancer, and overexpression of miR-501-3p inhibits prostate
cancer cell proliferation and induces a G0/G1 cell cycle arrest. Yin et al [25] reported
that miR-501-3p enhances pancreatic ductal adenocarcinoma cell migration and
invasion, as well as tumor formation and metastasis in nude mice. Luo et al [21]
showed that miR-501-3p suppresses metastasis and progression of HCC. Given the

t

downregulation of miR-501-3p by LINC00641, we hypothesized that antagonization
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of miR-501-3p may account for LINC00641-mediated proliferation and invasion in
HCC cells. To test this hypothesis, we performed rescue experiments by co-expressing
miR-501-3p and LINC00641. Of note, we find that enforced expression of
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miR-501-3p prevents LINC00641-induced proliferation and invasion in HCC cells.
These results collectively suggest that LINC00641 antagonizes miR-501-3p to
promote HCC progression.

In conclusion, our data identify LINC00641 as a novel driver of HCC. The
upregulation of LINC00641 is associated with poor prognosis in HCC patients.
LINC00641-induced HCC cell proliferation and invasion is causally linked to
antagonization of miR-501-3p. Our findings reveal that LINC00641 may represent a
potential therapeutic target for HCC.

16

Conflicts of interest
The author reports no conflicts of interest in this work.

Funding
This work was supported by the Science and Health Joint Project of Natural Science
Foundation of Hunan Province, China (2019JJ80035).

t

Author contribution

rin

HTX, LPZ, XXJ designed the study and analyzed the data. HTX, HZ, YJ, and WQX
performed the experiments and collected the data. HTX prepared the manuscript. All

Pr
ep

authors read and approved the final manuscript.

17

References
1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA Cancer J Clin.
2017;67:7-30.
2. Matsushita H, Takaki A. Alcohol and hepatocellular carcinoma. BMJ Open
Gastroenterol. 2019;6:e000260.
3. El-Ahwany EGE, Mourad L, Zoheiry MMK, Abu-Taleb H, Hassan M, Atta R,
Hassanien M, Zada S. MicroRNA-122a as a non-invasive biomarker for HCV

t

genotype 4-related hepatocellular carcinoma in Egyptian patients. Arch Med Sci.

rin

2019;15:1454-1461.

4. Buonaguro L, Petrizzo A, Tagliamonte M, Tornesello ML, Buonaguro FM.
Challenges in cancer vaccine development for hepatocellular carcinoma. J Hepatol.

Pr
ep

2013;59:897-903.

5. Chapman BC, Paniccia A, Hosokawa PW, Henderson WG, Overbey DM,
Messersmith W, McCarter MD, Gleisner A, Edil BH, Schulick RD, Gajdos C. Impact
of facility type and surgical volume on 10-year survival in patients undergoing hepatic
resection for hepatocellular carcinoma. J Am Coll Surg. 2017;224:362–372.
6. Hennessy EJ, van Solingen C, Scacalossi KR, Ouimet M, Afonso MS, Prins J,
Koelwyn GJ, Sharma M, Ramkhelawon B, Carpenter S, Busch A, Chernogubova E,
Matic LP, Hedin U, Maegdefessel L, Caffrey BE, Hussein MA, Ricci EP, Temel RE,
Garabedian MJ, Berger JS, Vickers KC, Kanke M, Sethupathy P, Teupser D, Holdt
LM, Moore KJ. The long noncoding RNA CHROME regulates cholesterol
homeostasis in primate. Nat Metab. 2019;1:98-110.

18

7. de Lima DS, Cardozo LE, Maracaja-Coutinho V, Suhrbier A, Mane K, Jeffries D,
Silveira ELV, Amaral PP, Rappuoli R, de Silva TI, Nakaya HI. Long noncoding RNAs
are involved in multiple immunological pathways in response to vaccination. Proc
Natl Acad Sci U S A. 2019;116:17121-17126.
8. Ding Y, Wang X, Pan J, Ji M, Luo Z, Zhao P, Zhang Y, Wang G. Aberrant
expression of long non-coding RNAs (lncRNAs) is involved in brain glioma
development. Arch Med Sci. 2019;16:177-188.

t

9. Unfried JP, Serrano G, Suárez B, Sangro P, Ferretti V, Prior C, Boix L, Bruix J,

rin

Sangro B, Segura V, Fortes P. Identification of coding and long non-coding RNAs
differentially expressed in tumors and preferentially expressed in healthy tissues.
Cancer Res. 2019;79:5167-5180.

Pr
ep

10. Liu X, Wang M, Cui Y. LncRNA TP73-AS1 interacted with miR-141-3p to
promote the proliferation of non-small cell lung cancer. Arch Med Sci.
2019;15:1547-1554.

11. Ren S, Xu Y. AC016405.3, a novel long noncoding RNA, acts as a tumor
suppressor through modulation of TET2 by microRNA-19a-5p sponging in
glioblastoma. Cancer Sci. 2019;110:1621-1632.
12. Zhang J, Zhang C. Silence of long non-coding RNA UCA1 inhibits hemangioma
cells growth, migration and invasion by up-regulation of miR-200c. Life Sci.
2019;226:33-46.
13. Li Z, Hong S, Liu Z. LncRNA LINC00641 predicts prognosis and inhibits bladder
cancer progression through miR-197-3p/KLF10/PTEN/PI3K/AKT cascade. Biochem

19

Biophys Res Commun. 2018;503:1825-1829.
14. Li Y, Zhao L, Zhao P, Liu Z. Long non-coding RNA LINC00641 suppresses
non-small-cell lung cancer by sponging miR-424-5p to upregulate PLSCR4. Cancer
Biomark. 2019;26:79-91.
15. Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the comparative C(T)
method. Nat Protoc. 2008;3:1101-8.
16. Song H, Liu Y, Jin X, Liu Y, Yang Y, Li L, Wang X, Li G. Long non-coding RNA

rin

feedback loop. J Cell Mol Med. 2019;23:6098-6111.

t

LINC01535 promotes cervical cancer progression via targeting the miR-214/EZH2

17. Yan J, Jia Y, Chen H, Chen W, Zhou X. Long non-coding RNA PXN-AS1
suppresses pancreatic cancer progression by acting as a competing endogenous RNA

Pr
ep

of miR-3064 to upregulate PIP4K2B expression. J Exp Clin Cancer Res. 2019;38:390.
18. Li X, Deng S, Pang X, Song Y, Luo S, Jin L, Pan Y. LncRNA NEAT1 Silenced
miR-133b Promotes Migration and Invasion of Breast Cancer Cells. Int J Mol Sci.
2019;20(15). pii: E3616. doi: 10.3390/ijms20153616.
19. Xue M, Shi D, Xu G, Wang W. The long noncoding RNA linc00858 promotes
progress of lung cancer through miR-3182/MMP2 axis. Artif Cells Nanomed
Biotechnol. 2019;47:2091-2097.
20. Xu Y, Lin J, Jin Y, Chen M, Zheng H, Feng J. The miRNA hsa-miR-6515-3p
potentially contributes to lncRNA H19-mediated-lung cancer metastasis. J Cell
Biochem. 2019;120:17413-17421.
21. Luo C, Yin D, Zhan H, Borjigin U, Li C, Zhou Z, Hu Z, Wang P, Sun Q, Fan J,

20

Zhou J, Wang X, Zhou S, Huang X. microRNA-501-3p suppresses metastasis and
progression of hepatocellular carcinoma through targeting LIN7A. Cell Death Dis.
2018;9:535.
22. Ma CX, Gao WC, Tian L. LncRNA TP73-AS1 promotes malignant progression of
hepatoma

by

regulating

microRNA-103.

Eur

Rev

Med

Pharmacol

Sci.

2019;23:4713-4722.
23. Kang CL, Qi B, Cai QQ, Fu LS, Yang Y, Tang C, Zhu P, Chen QW, Pan J, Chen

t

MH, Wu XZ. LncRNA AY promotes hepatocellular carcinoma metastasis by

rin

stimulating ITGAV transcription. Theranostics. 2019;9:4421-4436.

24. Wang XB, Wang H, Long HQ, Li DY, Zheng X. LINC00641 regulates autophagy
and intervertebral disc degeneration by acting as a competitive endogenous RNA of

Pr
ep

miR-153-3p under nutrition deprivation stress. J Cell Physiol. 2019;234:7115-7127.
25. Yin Z, Ma T, Huang B, Lin L, Zhou Y, Yan J, Zou Y, Chen S. Macrophage-derived
exosomal

microRNA-501-3p

promotes

progression

of

pancreatic

ductal

adenocarcinoma through the TGFBR3-mediated TGF-β signaling pathway. J Exp Clin
Cancer Res. 2019;38:310.

26. Slattery ML, Mullany LE, Sakoda LC, Wolff RK, Samowitz WS, Herrick JS.
Dysregulated genes and miRNAs in the apoptosis pathway in colorectal cancer
patients. Apoptosis. 2018;23:237-250.
27. Zhang Z, Shao L, Wang Y, Luo X. MicroRNA-501-3p restricts prostate cancer
growth through regulating cell cycle-related and expression-elevated protein in
tumor/cyclin D1 signaling. Biochem Biophys Res Commun. 2019;509:746-752.

21

Figure legends

Figure 1. LINC00641 upregulation is associated with poor prognosis of HCC. (A)
Measurement of the expression levels of LINC00641 in 79 pairs of HCC and adjacent
normal tissues. (B) LINC00641 upregulation was significantly correlated with
vascular invasion and advanced TNM stage. (C) Kaplan-Meier analysis demonstrated
that HCC patients with high expression of LINC00641 in tumors had a reduced
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overall survival compared to those with low expression of LINC00641 in tumors. (D)
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Measurement of the expression levels of LINC00641 in HCC cell lines and LO2
normal hepatocyes. *P < 0.05 vs. LO2 cells.
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Figure 2. Depletion of LINC00641 suppresses the growth and invasiveness of HCC
cells in vitro. (A) Measurement of the expression levels of LINC00641 in HCC cells
transfected with LINC00641-targeting shRNA (shLINC00641) or control shRNA
(shCtrl). (B) Assessment of proliferation in HCC cells transfected with shLINC00641
or shCtrl by direct cell counting. (C) Colony formation assay showed that depletion of
LINC00641 inhibited colony formation of HCC cells. (D) Transwell invasion assay
showed that knockdown of LINC00641 suppressed the invasion ability of PLC/PRF/5
cells. *P < 0.05 vs. the shCtrl group.

Figure 3. Overexpression of LINC00641 enhances HCC growth and invasiveness in
vitro. (A) Measurement of the expression levels of LINC00641 in HCC cells
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transfected with LINC00641-expressing plasmid or empty vector. (B) Overexpression
of LINC00641 led to a significant elevation in HCC cell proliferation. (C) Colony
formation assay demonstrated that overexpression of LINC00641 enhanced colony
formation in HepG2 cells. (D) Transwell invasion assay showed that LINC00641
overexpression augmented the invasion ability of HepG2 cells. *P < 0.05 vs. the
Vector group.
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Figure 4. Effects of LINC00641 knockdown or overexpression on HCC growth in
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vivo. (A) Knockdown of LINC00641 impaired and overexpression of LINC00641
promoted HCC cell tumorigenesis in the xenograft mouse model. (B) Measurement of
tumor weight 28 days after cell injection (n = 4). (C) Immunohistochemistry of Ki-67
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in xenograft tumors. Scale bar = 100 μm. *P < 0.05.

Figure 5. LINC00641 exerts its oncogenic activity through sponging miR-501-3p. (A)
Effect of LINC00641 overexpression on the expression of indicated miRs in HepG2
cells. (B) Prediction of a putative target site for miR-501-3p in LINC00641. (C)
Luciferase reporter assay showed that the luciferase reporter harboring the wild-type
target site in LINC00641 was repressed by miR-501-3p. (D) Measurement of the
proliferation of HepG2 cells transfected with indicated constructs. (E) Transwell
invasion assay performed in HepG2 cells transfected with indicated constructs. *P <
0.05. N.S. indicates no significance.
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