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Background: Extensive research has shown that long noncoding RNA (IncRNA) is
involved in tumorigenesis, including hepatocellular carcinoma (HCC). The IncRNA
LINCO00339 was reported to regulate the development of lung cancer or breast cancer.
However, whether LINC00339 participates in HCC progression remains unclear. Here, our
results showed that LINC00339 was upregulated in HCC.

Methods: qRT-PCR and in situ hybridization (ISH) was used to analyze LINC00339
expression in tumor tissues and cell lines. CCK8 and colony formation assays were used
to analyze cell proliferation. Transwell assay was used to analyze cell migration and
invasion. Xenograft experiment was used to test tumor growth in vivo.

Results: LINC00339 overexpression was correlated with an advanced stage, metastasis, and
bad prognosis in HCC patients. Functional investigation showed that LINC00339 knockdown
significantly suppressed HCC cell proliferation, migration, and invasion. Moreover, decreased
LINCO00339 expression inhibited HCC growth in vivo. Mechanistically, LINC00339 could
interact with miR-1182 to promote SKA1 expression. We also demonstrated that SKA1 acted
as an oncogene and SKA1 upregulation reversed the effect of LINC00339 silencing.
Conclusion: Our results illustrated that the LINC00339/miR-1182/SKA1 axis plays an
essential role in HCC progression.
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Introduction

Hepatocellular carcinoma (HCC) is the most common cancer and remains a leading
cause of cancer-associated death around the world.! Nearly 600,000 cases are
diagnosed as HCC patients each year.” In spite of the advances in therapeutic
approaches in the past decades, outcomes of HCC patients are unfavorable due to
high rates of recurrence and metastasis.> Hence, it is indispensable to investigate the
pathogenesis of HCC development.

Long noncoding RNA (IncRNA) belongs to the noncoding RNA family and is
over 200 nucleotides in length with poorly protein-coding potential.** Several
studies have shown that IncRNAs exert crucial functions in multiple tumors,
including HCC.>® For example, IncPARP1 promotes HCC progression by upregu-
lating PARP1.” LncRNA SOX21-AS1 promotes HCC development by epigeneti-
cally inhibiting p21.* LncRNA NEATI1 is an oncogene and promotes HCC
proliferation.” The aberrant expression of IncRNAs is usually related to HCC
development and metastasis. For instance, IncWDR26 downregulation suppresses

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2019:12 44814488 4481

© 2019 Xiao 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

o 2nd 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).


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

Xiao et al

Dove

HCC proliferation and invasion.'” IncRNA HOXA-AS2
upregulation in HCC enhances tumor growth and induces
epithelial-mesenchymal transition.'" Thus, because of the
significant importance of IncRNAs, it is essential to
explore the correlation between IncRNA and HCC
progression.

LINCO00339 is a IncRNA.
Previously, researchers have shown that LINC00339 pro-

poorly researched
motes the development of glioma and laryngeal squamous
cell carcinoma.'> ' However, the roles of LINC00339 in
HCC are unclear. Our research indicated that LINC00339
was upregulated in HCC tissues. LINC00339 silencing
impaired proliferation and metastasis through the miR-
1182/SKA1 axis. Hence, we demonstrate from previously
undefined signaling that the LINC00339/miR-1182/SKA1
axis modulates HCC progression.

Materials and methods

Human HCC tissues

We collected 62 HCC tissues from Wenzhou Central Hospital.
All patients were not treated with chemotherapy or radiother-
apy prior to collection. Samples were kept in liquid nitrogen.
Our work was approved by the Ethics Committee of Wenzhou
Central Hospital. Written informed consent was collected from
every participant. Experiments involving human tissues were
conducted in accordance with the Declaration of Helsinki.

Cell lines and transfection

HCC cell lines (HepG2, Hep3B, SMMC-7721, Huh7, and
MHCC97H) and the normal hepatocyte cell line (LO2) were
from the Institute of Biochemistry and Cell Biology
(Shanghai, People’s Republic ofChina). The cell culture
method has been reported before.'® Lentivirus was produced
by GeneChemCo., Ltd. (Shanghai, People’s Republic of
China). For lentivirus infection, HCC cells were plated in
6-well plates and 100 L lentivirus (virus titer, 10° TU/ml)
was added. Cells expressing green fluorescent protein were
isolated and cultured for the following experiment.
Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific,
Waltham, MA, USA) was used for plasmid transfection.

Quantitative reverse transcription PCR
(gQRT-PCR)

Total RNAs were extracted using TRIzol (Invitrogen).
cDNA synthesis was carried out using a HiFi-MMLV
cDNA Kit (CWBio, Co., Ltd.). Quantitative PCR was
completed using the SYBR Premix ExTaq Reverse

Transcription PCR kit (Takaka, Dalian, People's Republic
of China). U6 was used for internal control. The 2 44"

method was used for expression calculation.

Cell proliferation detection
The CCKS8 assay was used to detect cell viability.

Colony formation assay

A total of 500 cells were added to 6-well plates. Cells were
cultured for 2 weeks. The colony was then fixed and
stained, and the colony number was counted.

Migration and invasion assay

Transwell chambers were utilized to check migration and
invasion. In brief, 2x10° cells were seeded into the upper
chamber (precoated with Matrigel for invasion) with 200
pL serum-free medium. The bottom chamber was filled
with 600 puL complete medium. After culture for 24 h, the
migrated or invaded cells in the lower chamber were fixed
and stained with crystal violet. The cell number was
determined with an inverted microscope.

Animal studies

Four-week-old Balb/c nude female mice were obtained
from Shanghai Laboratory Animal Company (Shanghai,
People's Republic of China). Hep3B cells were injected
subcutaneously into the right flank of nude mice. The
tumor volumes were measured every week. After 5
weeks, the tumor tissues were removed and weighed.
The animal experiments were approved by the Ethics
Committee of Wenzhou Central Hospital. All animal
operations were performed in accordance with the
Animal Policy and Welfare Committee of our hospital.

Luciferase reporter assay

The potential binding sites were predicted using miRDB or
TargetScan7. Then, the wild-type (wt) or mutant (mut)
LINCO00339 or SKA1 3-UTR sequences were constructed
in pGL3 promoter vector (Promega Corporation, Fitchburg,
WI, USA). For reporter assays, Hep3B cells were seeded in
24-well plates and cultured for 24 h. The luciferase reporter
activity was then measured using the dual-luciferase repor-
ter assay system (Promega). Renilla was used as the internal
control for transfection efficiency.

RNA pulldown

The RNA pulldown assay was completed according to
a previous report.'®

submit your manuscript

4482

Dove

OncoTargets and Therapy 2019:12


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

Dove

Xiao et al

Statistical analysis

Each result was presented as mean+SD. Significant differ-
ences were determined by Student’s #-test or one-way
ANOVA using GraphPad Prism 6 software. p<0.05 was
considered statistically significant.

Results

LINCO00339 upregulation was observed
LINCO00339 expression in HCC tissues was firstly analyzed.
Through qRT-PCR, the LINC00339 level was found to be
dramatically increased in HCC (Figure 1A). Then, we divided
the samples into two subgroups based on TNM stages. qRT-
PCR analysis revealed that LINC00339 levels were higher in
the advanced stages of HCC tissues (Figure 1B). Besides,
in situ hybridization assays were performed to examine the
LINCO00339 level in metastatic and nonmetastatic tissues. As
shown, LINC00339 expression in metastatic tissues was ele-
vated (Figure 1C), which was validated via PCR (Figure 1D).
Next, LINC00339 expression was analyzed in tumor cell lines.
Consistently, its levels were also increased in HCC cell lines
(Figure 1E). Moreover, we found that HCC patients expressing
a higher level of LINC00339 showed a relative lower survival
rate (Figure 1F), indicating that LINC00339 may be an indi-
cator for prognosis.

LINCO00339 knockdown led to decreased

HCC cell growth

SMMC-7721 and Hep3B cells were selected for the follow-
ing experiments. We transduced these cells with shRNA
against LINC00339 or negative controls. qRT-PCR results
indicated that sh-LINC00339 transfection efficiently
decreased the expression of LINC00339 (Figure 2A).
LINCO00339 knockdown gave rise to an impaired prolifera-
tion rate in SMMC-7721 and Hep3B cells (Figure 2B and C).
LINCO00339 depletion dramatically decreased the numbers of
colonies (Figure 2D). Then, transwell assays were carried
out. The results demonstrated that LINC00339 knockdown
decreased cells of migration and invasion (Figure 2E and F).
Thus, LINC00339 knockdown suppresses HCC proliferation
and metastasis in vitro. To explore the roles of LINC00339
in vivo, we conducted a xenograft animal assay. LINC00339
silencing decreased the tumor volume and weight (Figure 2G
and H). Thus, LINC00339 knockdown suppresses HCC
growth in vivo.

LINCO00339 targeted the miR-1182/

SKA | pathway in HCC
Next, the mechanism of LINC00339 was explored. We
identified miR-1182 as a possible target miRNA of
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Figure | LINC00339 expression was elevated in HCC. (A) The expression of LINC00339 in HCC tissues and normal tissues was measured by qRT-PCR. (B) The
expression of LINC00339 in HCC tissues of stage I/Il and stage IIl/IV was analyzed by qRT-PCR. (C) In situ hybridization assay showed that LINC00339 expression was
positively correlated with metastasis in HCC. (D) qRT-PCR analysis indicated that LINC00339 expression was increased in metastatic HCC tissues. (E) Relative expression
of LINC00339 in HCC cell lines and LO2 cells. (F) Increased expression of LINC00339 in HCC patients predicted a low survival rate. *p<0.01 and **p<0.001. All

experiments were repeated three times.

Abbreviations: HCC, hepatocellular carcinoma; qRT-PCR, quantitative reverse transcription PCR.
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Figure 2 LINC00339 knockdown led to attenuated proliferation, migration, and invasion of HCC cells. (A) Relative expression of LINC00339 in SMMC-7721 and Hep3B
cells transfected with indicated plasmids. (B and €C) CCK8 and EdU assays showed that LINC00339 knockdown inhibited the proliferation of HCC cells. (D) Colony
formation assay indicated that the colony number was decreased after LINC00339 knockdown. (E and F) Transwell assay showed that the abilities of migration and invasion
were weakened by LINC00339 knockdown. (G) Tumor volumes were measured. (H) Tumor weights were determined after 5 weeks. *p<0.05. All experiments were

repeated three times.

Abbreviations: HCC, hepatocellular carcinoma; OD, optical density; sh, short hairpin.

LINCO00339. Silencing of LINC00339 gave rise to upregu-
lated miR-1182 (Figure 3A and B). The luciferase assay
showed that the activity of wt-LINC00339 was suppressed
by miR-1182 mimics in Hep3B cells (Figure 3C and D),
supporting a direct interaction between miR-1182 and
LINCO00339. To further validate this, we performed the
RNA pulldown assay using wt-miR-1182 and mut-miR
-1182 probes. As shown, only wt-miR-1182 could precipi-
tate LINC00339 in HCC cell lysates (Figure 3E and F).
Besides, LINC00339 was negatively correlated with miR-
1182 in HCC tissues (Figure 3G). Next, miR-1182 targets
were further predicted. SKA1 was identified as the most
potential candidate. We found that the luciferase activity of
wt-SKA1 was inhibited after miR-1182 mimic transfection
(Figure 3H and I), indicating that miR-1182 directly inter-
acts with SKA 1. Moreover, we found that miR-1182 mimics
significantly suppressed SKA1 expression (Figure 3J). To
further explore the correlation between SKA1l and
LINC00339, we performed another luciferase reporter

assay. LINC00339 depletion reduced the activity of wt-
SKAT1 reporter (Figure 3K). Besides, SKA1 expression
was inhibited by LINC00339 knockdown in HCC cells
(Figure 3L). Thus, our results demonstrated that
LINCO00339 is a ceRNA for miR-1182 to upregulate SKA1
expression in HCC.

SKA restoration rescued the effects of
LINC00339 knockdown

Through analysis, we found that SKA1 was upregulated in
HCC (Figure 4A and B). Furthermore, The Cancer
Genome Atlas data also showed that SKA1 upregulation
in HCC patients predicted a low survival rate (Figure 4C),
suggesting a potential oncogenic role of SKA1. To vali-
date whether SKAI
LINC00339, we performed rescue assays. We restored
SKA1 expression (Figure 4D) and performed CCKS,
EdU, and Transwell assays. The results showed that

is the downstream effector of

restoration of SKA1 significantly rescued the proliferation,
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Figure 3 LINC00339 targeted the miR-1182/SKAI pathway in HCC. (A) LINC00339 knockdown promoted miR-1 182 expression in SMMC-7721 and Hep3B cells. (B) miR-
1182 expression was suppressed by LINC00339 overexpression (oe). (C and D) Luciferase reporter assay using wild-type (wt) or mutant (mut) LINC00339 reporter
indicated that the activity of wt-LINC00339 was suppressed by miR-1182 mimics. (E and F) RNA pulldown assay showed that biotin-labeled wt-miR-1182 enriched
LINCO00339 in HCC cell lysates. (G) Analysis of correlation between LINC00339 and miR-1182 in tumor tissues. (H and I) Luciferase reporter assay illustrated that the
activity of wt-SKAI 3’-UTR was suppressed by miR-1182 mimics. (J) miR-1182 mimics suppressed the expression of SKAI in HCC cells. (K) Luciferase reporter assay
showed that LINC00339 knockdown suppressed the activity of wt-SKA| 3’-UTR. (L) LINC00339 knockdown suppressed the expression of SKA| in HCC cells. ¥p<0.05. All
experiments were repeated three times.

Abbreviations: HCC, hepatocellular carcinoma; miR, microRNA; sh, short hairpin.

migration, and invasion of LINC00339-depleted HCC
cells (Figure 4E-H). Thus, our study demonstrated that
the LINC00339/miR-1182/SKA1 axis modulates the pro-
gression of HCC.

Discussion

Our work illustrated essential roles of LINC00339 in HCC
development. The LINC00339 level was found to be upre-
gulated in HCC. An elevated level of LINC00339 was

related to an advanced stage, metastasis, and poor prog-
nosis. Through functional experiments, we demonstrated
that LINCO00339 suppressed proliferation, migration, and
invasion of HCC cells in vitro and in vivo. Moreover, we
found a novel mechanism. We reported that LINC00339
acts as the ceRNA for miR-1182 and promotes SKAIl
expression. Taken together, our finding for the first time
identified that the LINC00339/miR-1182/SKA1 axis con-
tributes to HCC progression.
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Figure 4 SKAI restoration rescued the effects of LINC00339 knockdown. (A) TCGA data indicated that SKAI was upregulated in HCC tissues. (B) qRT-PCR confirmed
that SKAI| expression was increased in HCC tissues. (C) TCGA data indicated that SKAI upregulation in HCC patients predicted a low survival rate. (D) Relative
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Abbreviations: HCC, hepatocellular carcinoma; qRT-PCR, quantitative reverse transcription PCR; TCGA, The Cancer Genome Atlas.

Accumulating research has confirmed the importance
of IncRNAs in tumorigenesis.'””'® In HCC, several
IncRNAs were identified as important regulators. For
instance, SNHG16 overexpression suppresses HCC cell
proliferation.'® Nevertheless, the functions of most
IncRNAs in HCC are still unknown.”® Hence, defining
the functions and mechanism is crucial for the develop-
ment of IncRNA-related therapeutic approaches.
LINCO00339 was the first IncRNA reported to regulate
glioma.'> Then, Yuan et al’' reported that LINC00339
promotes the development and progression of nonsmall
lung cancer via the miR-145/FOXM1
Recently, several researchers have demonstrated that

cell axis.”!
LINC00339 promotes proliferation, migration, and inva-
sion of laryngeal squamous cell carcinoma and breast
cancer.">'* Tts role in HCC remains limitedly studied.
We provided evidence that LINC00339 promotes HCC
tumorigenesis and metastasis through the miR-1182/
SKA1 pathway. We demonstrated that LINC00339 pro-
motes HCC proliferation. Through the Transwell assay,
we indicated that LINC00339 knockdown suppressed
migration and invasion. Moreover, a xenograft mouse
model suggested that LINC00339 knockdown inhibited
growth of HCC in vivo. Thus, our work for the first time
demonstrated the oncogenic roles of LINC00339 in HCC.

Increasing studies have shown that IncRNAs could work
as ceRNAs to regulate biological processes.”> For instance,

A1BG-ASI1 interacts with miR-216a-5p to regulate HCC
development.”® Previous studies have reported that
LINCO00339 is the sponge for miR-377-3p, miR-145, and
miR-539-5p.'*'* This work for the first time identified
LINCO00339 as the sponge for miR-1182. To date, knowledge
about miR-1182 is poor. Zhang et al** indicated that miR-1182
inhibits gastric cancer growth and invasion.”* Zhou et al*
reported that miR-1182 represses bladder cancer growth.*’
Besides, Hou et al*® proved that miR-1182 attenuates ovarian
cancer proliferation and invasion.”® How miR-1182 regulates
HCC, however, is unknown. We demonstrated that miR-1182
was directly sponged by LINC00339 in HCC. Moreover, we
demonstrated that LINC00339 suppressed the levels of miR-
1182 in HCC cells and indicated that miR-1182 was a potential
tumor suppressor for HCC.

Afterward, SKA1 was validated to be the downstream
target of the LINC00339/miR-1182 axis. Previous studies
have shown that SKA1 downregulation suppresses prolif-

eration of bladder cancer and adenoid cystic
carcinoma.”’® A report also indicated that SKA1 over-
expression predicts poor prognosis in HCC.*

Nevertheless, how SKA1 modulates HCC remains unde-
fined. The present work showed that SKA1 expression was
modulated by the LINC00339/miR-1182 axis. Then, we
also showed that SKA1 was upregulated in HCC tissues
and indicated poor prognosis. Finally, we performed
a rescue assay. We found that restoration of SKA1 rescued
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the abilities of proliferation, migration, and invasion.

Thus, our study for the first time demonstrated that
SKAI regulates the malignant behaviors of HCC cells.

In summary, we identified that LINC00339 promotes

HCC progression by targeting the miR-1182/SKA1 axis.
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