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invasion abilities of HCC \@lls. RNA pyldown and luciferase assays were performed to

vivo function of LINC00460 in HCC progression.
00460 expression was significantly upregulated in both
11 lines. The upregulation of LINC00460 was positively associated
Functionally, LINC00460 facilitated HCC cell proliferation, migra-
ities, which due to that LINC00460 could physically bind to and
O elevate the expression of AGR2.

on: Our data firstly reveal the clinical relevance, biological function, and regula-
a@pm of LINC00460 in HCC development. LINC00460 promotes HCC progres-
by elevating AGR2 expression via sponging miR-342-3p, providing a promising
utic target for HCC treatment.

Keywords: hepatocellular carcinoma, LncRNA, LINC00460, miR-342-3p, AGR2,

migration, invasion

Background

Hepatocellular carcinoma (HCC) is the second leading cause of cancer-related death
worldwide, with high morbidity and mortality.'” Despite great advances in HCC
treatment, the prognosis and survival rate of HCC patients is still unsatisfactory due
to metastasis and recurrence.’ Therefore, it is necessary to identify novel biomarkers

for predicting the prognosis of HCC patients and developing molecular target therapy.
Long non-coding RNAs (IncRNAs), which defined as non-coding RNAs more than
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and degradation.* Increasing novel LncRNAs are discovered and identified as tumor
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novel biomarkers and therapeutic targets for cancer. Recently,
LINC00460, a cancer-related IncRNA, has been highlighted to
be involved in carcinogenesis and promotes tumor proliferation,
invasion, and migration, and its upregulation is generally asso-
ciated with tumor grade and poor prognosis.** However, the
role and underlying molecular mechanism of LINC00460 in
HCC remains unclear. MicroRNAs are short small nonprotein-
coding RNAs with around 22 nucleotides, and negatively reg-
ulate target gene expression by targeting its 3’ untranslated
region (UTR) of mRNA. Increasing evidence has demonstrated
that miRNAs play crucial roles in various biological processes,
involving cell growth, differentiation, and apoptosis.'® But
whether LINC00460 could interact with miRNA in HCC still
remains to be explored.

Here, we aimed to explore the biological function, mechan-
ism and clinical implication of LINC00460 in HCC progres-
sion. We firstly demonstrated that LINC00460 expression was
significantly increased in HCC tumor tissues and cell lines,
which was closely correlated with advanced clinical features
of HCC. Functionally, LINC00460 could bind to and sequester

miR-342-3p to elevate the expression of AGR2, thereby pro-
moting HCC cell proliferation, migration, and invasion.

Materials and Methods
Clinical Patient Samples

Fifty pairs of HCC and adjacent para-carcinoma tissue
samples were collected in the Department of General
Surgery, The People's Hospital of Yichun City and
Department of General Surgery, the Third Affiliated

Hospital of Nanchang University. ese tissues were

instantly placed into liquid nitrogeg
rity and stored at —80°C for
sample collections were ap

Table | The Clinicopathological Features of the HCC Patients

Chinicopathological Characteristics Total Xpressi Expression X2 P value
n n=25
Gender
male 15 12 0.725 0.395
female 13
Age
<50 22 13 9 1.299 0.254
>50 28 12 16
Tumor size
TI 4 3 I 8.765 0.033
T2 I 5 6
12 7 5
13 10 3
17 5 12 6.505 0.039
I5 7 8
18 13 5
Lymph node metastasis
Positive 22 7 15 5.195 0.023
Negative 28 18 10
TMN stages
| I 2 9 11.455 0.010
Il 13 5 8
1] 13 7 6
\ 13 I 2
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Cell Lines and Transfection

One human normal hepatic epithelial cell line LO2 and six
HCC cell lines (HepG2, Huh7, SMMC7721, BEL-7402,
HCCLM3, SK-HEP-1) were purchased from Cell Bank of
Type Culture Collection of the Chinese Academy of Sciences
(Shanghai, China) and cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% (v/v) fetal bovine
serum (FBS) (Gibco, USA) in a humidified 37 °C incubator
with 5% CO,. For LINC00460 overexpression, the full-length
sequence of LINC00460 was cloned into pcDNA3.1
(Invitrogen, = CA, USA) plasmid to  generate
pcDNA3.1-LINC00460.  All interfering RNAs
(siRNAs) for cell transfection were obtained from Shanghai
Biotend Biotechnology Co, Ltd. Cell transfection was con-
ducted with Lipofectamine 2000 Reagent (Invitrogen, CA,
USA) as the manufacturer’s protocol. Briefly, 3 x 10° cells
were seeded in a six-well tissue culture plate, and incubated
the cells until 60-80% confluent. Then we prepared the follow-
ing solutions: (1) Solution A, we used 2 pg plasmid or diluted
10 pL of siRNA duplex (100 pmol siRNA) into 250 pL
optiMEM; (2) Solution B, we diluted 5 pL of Lipofectamine
2000 into 250 pL optiMEM., each solution was incubated at

small

5'- AGACCT.
AGR-siRNA:

Table 2 The RT-qPCR Primer Sequences

Quantitative Reverse Transcription
Polymerase Chain Reaction (qQRT-PCR)

Total RNAs were extracted from tissues and cell lines
using TRIzol reagent (Invitrogen, CA, USA). The first-
strand cDNA was reverse transcribed from RNAs using
reverse transcriptase kit (Takara, Otsu, Japan). qRT-PCR
was performed using SYBR Green SuperMix (Roche,
Switzerland) as the manufacturer’s protocols.

Basel,
GAPDH and U6 were used as the internal control for
IncRNA/mRNA and miRNAs, respectively. Besides, U6

ojindo, Japan) as the manufacturer’s protocol.
d at a density of 2x10°/well in 96-well plates.

puL of CCKS solution was added to each well, and
a@ted for 1 hat 37 °C before the absorbance was measured
at 450 nm wavelength with the microplate reader (Synergy H4
Hybrid Reader, BioTek, Winooski, USA). Each data point
presents the mean + s.d. of three independent experiments.

Colony Formation

A total of 500 cells were plated into 6-well plates. After
culture for 14 days in a humidified 37 °C incubator with
5% CO,, the colonies were fixed with 10% formalde-
hyde for 30 min and then stained with 0.5% crystal
violet (Beyotime, China) for 30 min. The colonies
were photographed by the microscope (Olympus,

Tokyo, Japan).

Genes Forward Primer (5’ to 3’) Reverse Primer (5’ to 3')
LINC00460 GGATGAACCACCATTGCC CCCACGCTCAGTCTTTCT
miR-342-3p AGGAGTCTCACACAGAAATCGCA GTGCAGGGTCCGAGGT

AGR2 GTCAGCATTCTTGCTCCTTGT GGGTCGAGAGTCCTTTGTGTC
18s rRNA GGAGTATGGTTGCAAAGCTGA ATCTGTCAATCCTGTCCGTGT
GAPDH TATCGTGATGCTAGTCCGATG TGCAGCTAGCTGCATCGATCGG
ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
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Transwell Assay

Transwell assay was conducted for the detection of cell
migration and invasion. Transwell chambers (Millicell
Hanging Cell Culture Insert, polyethylene terephthalate
8.0 um, Millipore, MA, USA) coated with Matrigel (BD
biosciences, USA) were prepared as the manufacturer’s
instructions. After starvation, 1x10° cells in 200 pL of
serum-free medium were placed in the top chamber. The
chamber was inserted into a 12-well filled with 600 pL
medium added with 10% FBS. After 24 h incubation,
noninvasive cells were removed from the upper surface
of the membrane with cotton swabs, and invasive cells on
the lower membrane surface were fixed with methanol,
stained with 0.5% crystal violet (Beyotime, China), photo-
graphed and counted under five random 200x microscopic
fields per well using a Nikon Inverted Research
Microscope Eclipse Ti microscope. The cell migration
assay was simultaneously conducted as above, except for
the chambers without Matrigel.

Luciferase Reporter Assays
4 x 10* HCC cells were plated in 24-well plates the day
before transfection with the reporter plasmid with eit
miR-342-3p or NC mimics. Then cells were transfecte
with Lipofectamine 2000 (Invitrogen, USA) as

Reporter Assay System (Promega,

turer’s protocol.

hermoFisher, USA)
7 4x10° cells were re-
Tris-HCI pH 7.5, 75 mM
NaCl, 5 mM I, 0.5% p/w sodium deoxycholate,
0.2% Triton, 1 mMS®TT, 0.5% glycerol) added protease
inhibitor cocktail (Sigma, USA) and RNase inhibitor
(Thermo Scientific, USA). After centrifugation, superna-
tants containing cytoplasmic lysates were harvested. Then,
pelleted nuclei were washed extensively with PBS.
Pelleted nuclei were resuspended in buffer N (10 mM Tris-
HCI pH 8, 25 mM NaCl, 5 mM MgCl2, 1% p/w sodium
deoxycholate, 1% Triton, 0.2% SDS, 1 mM DTT) added
protease and RNase inhibitors and sonicated.

RNA Pull-Down Assay

LINC00460 and Negative Control (NC) were biotin-labeled
using Biotin RNA Labeling Mix (Roche, Basel,
Switzerland) and T7/SP6 RNA polymerase (Roche) to be
bio-LINC00460 and bio-NC by GenePharma (Shanghai,
China). Then, HepG2 and Huh7 cells were mixed and
incubated with biotinylated RNAs for 48 h. Next, cells
were collected and incubated with Streptavidin agarose
beads (Invitrogen, USA) for 1 h 37 °C. After beads were
washed with buffer, the bound RNAs were quantified and
analyzed by qRT-PCR assays.

using the FISH ki
Biotechnology Co,

en transfection finished, HepG2 and Huh7 cells were
lysed in RIPA buffer (Beyotime, China). Total protein
concentration was qualified with a BCA Protein Assay
kit (Beyotime, China). Next, protein samples were sepa-
rated by SDS-PAGE and transferred to PVDF membranes
(Millipore, USA). The membranes were blocked with 5%
non-fat milk for 1 h at room temperature, and then incu-
bated with primary antibodies (AGR2, 1:5000 dilution,
ab76473; GAPDH, 1:2000 dilution, ab8245) at 4 °C over-
night. Anti-Rabbit and anti-mouse IgG were used as the
secondary antibody, respectively. All these antibodies were
purchased from Abcam (Cambridge, UK). The protein
bands were quantified with the ImageJ software (USA).

Tumor Xenograft Experiments

Male BALB/c nude mice (6-week old) were used for
All
approved by the Institutional Animal Care and Use
Committee at the First Affiliated Hospital of Nanchang
University. We used the guideline 3Rs (REPLACEMENT,
REDUCTION AND REFINEMENT) for the welfare of

xenograft experiments. animal protocols were
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the laboratory animals. Briefly, 5 x 10° HepG2 cells were
subcutaneously injected into the flank of mice. After
around one week, the tumor was visible (100-200 mm?)
and injected with the si-NC and si-LINC00460 twice per
week. Tumor volumes were measured every 3 days.
Tumor volume was calculated using the formula: Tumor
volume (mm?®) = (width) x (height)?/2. After 15 days, mice
were sacrificed for the further analysis and tumor weight
was measured.

Statistical Analyses

SPSS 21.0 software was used for all data analyses.
Clinicopathological correlations were calculated by the
Test
Significance of difference was calculated with Student’s

Pearson  Chi-square (Linear ~ Regression).
t-test unless otherwise indicated. P values less than 0.05
were considered significant (*P < 0.05; **P < 0.01;
***%P < 0.001). The data show the mean + s.d. of three

independent biological experiments.
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Result
LINCO00460 Is Significantly Upregulated in
HCC and Associated with the Poor

Clinical Outcome

We first examined the LINC00460 expression in 50 pairs of
HCC clinical samples by qRT-PCR assay. LINC00460 was
remarkably upregulated in HCC tissues compared to that in
adjacent normal tissues (Figure 1A), which was consistent
with that in the six HCC cell lines (HepG2, Huh7,
SMMC7721, BEL-7402, HCCLM & SK-HEP-1) relative
cell line LO2
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Figure | LINCO00460 is upregulated in HCC and associated with poor HCC clinical outcome. (A) Relative mMRNA expression levels of LINC00460 in 50 pairs of HCC
tissues and adjacent normal tissues were assessed using qRT-PCR. (C) Relative mRNA expression levels of LINC00460 in HCC cell lines (HepG2, Huh7, SMMC7721, BEL-
7402, HCCLM3, and SK-HEP-1) and normal human hepatic epithelial cell line, LO2. (C and D) Kaplan-Meier analysis was performed to evaluate the correlation between
expression of LINC00460 and overall survival rate or progression free survival of HCC patients. All data are representative of three independent experiments and presented
as mean * s.d., *P < 0.01.
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results demonstraté

00 expression (Figure 1C and D). These
that LINC00460 exerts a tumor-
promoting effect on HCC progression.

Knockdown of LINC00460 Inhibits HCC

Cell Proliferation, Migration and Invasion
To explore the role of LINC00460 in HCC, we performed
loss of function experiments in HepG2 and Huh7 cells
(Figure 2A). CCKS8 assay results demonstrated that knock-
down of LINCO00460 significantly decreased the cell

asion. (A) qRT-PCR analysis of LINC00460 expression in HepG2 and Huh7 cells
ere used to measure the proliferation ability of HepG2 and Huh7 cells transfected
migration and invasion abilities of HepG2 and Huh7 transfected with si-NC or si-
ents and expressed as mean * s.d. *P < 0.01.

proliferation in HepG2 and Huh7 cells (Figure 2B). Colony
formation assay indicated that downregulated LINC00460
inhibited the colony numbers of HepG2 and Huh7 cells
(Figure 2C). We next performed transwell assays to explore
how LINCO00460 impacts HCC cell migration and invasion.
Results showed that the migration and invasion cell numbers
of HepG2 and Huh?7 cells treated with si-LINC00460 were
markedly suppressed compared with that in the si-NC group
(Figure 2D and E). Collectively, these data suggested that
knockdown of LINC00460 inhibits cell proliferation, migra-
tion, and invasion in HCC.

Overexpression of LINC00460 Promotes
HCC Cell Proliferation, Migration and

Invasion
To further investigate the function of LINC00460 in HCC
progression, we overexpressed LINC00460 in HepG2 and
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e next detected the migration
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Its showed that LINC00460 overexpression
markedly repreSqg the migration and invasion of HepG2 and
Huh?7 cells (Figure 3D and E). These results indicated that
LINCO00460 promotes proliferation, invasion, and migration
of HCC cells.

expression.

LINCO00460 Directly Interacts with
miR-342-3p in HCC Cells

Emerging evidence demonstrated that long non-coding
RNAs have been shown to serve as miRNA sponges in

vector
C00460 -
T

formation assays were used to measure the proliferation ability of HepG2 and Huh7 cells
ere performed to determine the migration and invasion of HepG2 and Huh7 transfected
ative of three independent experiments and expressed as mean * s.d. **P < 0.01.

regulating the expression and biofunction of miRNAs.'""'?

gRT-PCR and FISH assays results showed that LINC00460
was mainly located in the cytoplasm of HepG2 and Huh7
cells (Figure 4A and B), suggesting LINC00460 may be
a sponge of miRNAs. Thus, we analyzed the potential bind-
ing miRNA partner of LINC00460. Results showed that
LINC00460 may bind to miR-342-3p using the miRanda
software (http://www.microrna.org/) (Figure 4C). Luciferase

reporter assays results confirmed that overexpression of
miR-342-3p obviously repressed the luciferase activity of
wide-type (WT) LINC00460, but mutation of this binding
motif diminished the inhibition (Figure 4C). In addition,
RNA pull-down assays showed that the miR-342-3p expres-
sion was more enriched on the biotin-labeled LINC00460
probe (Figure 4D). Furthermore, LINC00460 overexpres-
sion led to the decreased miR-342-3p expression in HepG2
and Huh7 cells (Figure 4E). In 50 pairs of clinical samples,
miR-342-3p was remarkably downregulated in HCC tumor
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Figure 4 LINC00460 directly interacts with miR-342-3p in HCC cells. (A) The mRNA levels of nuclear control (U6), cytoplasmic control (GAPDH) and LINC00460 were analyzed using
qRT-PCR in nuclear and cytoplasmic fractions. (B) FISH assay was performed to determine the cellular location of LINC00460. Blue: DAPI (nuclease); Red: LINC00460-FAM (LINC00460).
Scale bar, 20 pm. (C). A predicted binding site of miR-342-3p within LINC00460 by bioinformatic analysis using the miRanda software (http://www.microrna.org/). Luciferase activity was
determined in HepG2 and Huh?7 cells after transfection with miR-342-3p mimic or miRNA negative control (miR-NC). The binding sequences “ACACAGAG” in LINC00460 were
mutated to “GTGTGAGA” for generating MUT-LINC00460. (D and E) RNA pull-down assays were used to determine the interaction between LINC00460 and miR-342-3p. (F) Relative
mRNA expression of miR-342-3p in HCC tissues and adjacent normal tissues was assessed using qRT-PCR assay. (G) Pearson correlation analysis between LINC00460 and miR-342-3p
expressions in 50 pairs of HCC tissues. All data are representative of three independent experiments and shown as mean # s.d. *P < 0.05, **P < 0.01, and **P < 0.001.
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tissues (Figure 4F), and there was a strong negative correla-
tion between LINCO00460 and miR-342-3p (Figure 4G,
Pearson, P < 0.001). All these results indicated that
LINC00460 directly interacts with and inhibits miR-342-
3p expression.

LINCO00460 Increases AGR2 Expression
via Sponging miR-342-3p in HCC Cells
Previous research demonstrated that AGR2 is a potential
target of miR-342-3p."* Furthermore, overexpression of
miR-342-3p significantly inhibited AGR2 expression on
both mRNA and protein levels in HepG2 and Huh7 cells
(Figure 5A and B). However, after co-transfection with
LINCO00460, this inhibitory effect on AGR2 expression
was partially decreased (Figure 5A and B), implying that
LINCO00460 regulates AGR2 expression through miR-342-
3p. In addition, we examined the expression level of
LINC00460 in 50 pairs of HCC clinical samples by qRT-
PCR assay. We found that AGR2 was upregulated in HCC
tumor tissues (Figure 5C). AGR2 and LINC00460 were
positively associated in HCC sample tissues (Pearson, P <
0.001, Figure 5D), suggesting that LINC00460 elevated
AGR?2 expression by sponging miR-342-3p. To detemni
whether LINC00460 impacts HCC progression t
AGR2/miR-342-3p axis, we co-transfected with

342-3p or si-AGR2 in LINC00460-ove e
cells (Figure SE). CCK8 assays resulig¥ d
&
enhanced proliferative effect
sion in HepG2 and Huh7 ¢

Growth in
To validate the in vivo function of LINC00460 in HCC
progression, a xenograft model of HCC was established
using the LINC00460 knockdown (si-LINC00460) and con-
trol (si-NC) HepG2 cells. Tumor sizes were measured every
3 days. The results showed that the LINC00460 knockdown
resulted in the reduction of both tumor size and weight
(Figure 6A). Consistent with cellular assays results,
LINCO00460 knockdown decreased AGR2 expression but

increased miR-342-3p expression in the HepG2 xenograft
tumors (Figure 6B). Besides, as depicted in Figure 6C, the
protein expression of AGR2 was downregulated in the si-
LINCO00460 group compared to that in the si-NC control. All
results indicated that LINC00460 promotes HCC tumor
growth in vivo by upregulating AGR2.

Discussion
Emerging evidence demonstrated that IncRNAs could func-
tion as endogenous miRNA sponges by binding to miRNAs

in the cytoplasm and regulating function.'? As key

carcinogenesis.>” The expression of
ed to be upregulated in NSCLC tis-

g EMT.® In addition, LINC00460 has been
tly upregulated in prostate cancer and closely
umor progression and poor outcomes of the
ts through the PI3K/AKT signaling pathway.” These
results suggested that LINC00460 serves as an oncogene and
could be a novel diagnostic biomarker in cancers. However,
an in-depth investigation of LINC00460 clinical significance
and underlying biological function in HCC has not been fully
undertaken. In our study, we showed that the expression of
LINC00460 was markedly upregulated in HCC tissues and
cells, which was associated with clinicopathological features
and shorter survival of HCC. Knockdown of LINC00460
impaired HCC cell proliferation, migration, and invasion.
The nude mice xenografts further revealed that knockdown
of LINC00460 inhibited tumor growth in vivo. These results
demonstrated that LINC00460 functions as an oncogene that
promotes HCC progression.

The involvement of microRNAs in cancers and their
significance as clinical biomarkers are becoming increas-
ingly appreciated.'®'® LncRNAs could act as miRNA
sponges and regulate their downstream target gene expres-
sion, thus participating in the tumor progression.'?
LINC00460 could promote HCC progression through spong-
ing miR-485-5p to elevate PAK1.'” Besides, miR-342-3p has
been served as a tumor suppressor in HCC tumorigenesis,
and its low expression is associated with poor prognosis of
HCC."® Moreover, LINC00460 was found to promote gastric
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Figure 5 LINC00460 increases AGR2 expression via sponging miR-342-3p in HCC cells. (A and B) qRT-PCR and Western blot analysis were performed to determine AGR2
expression in HepG2 and Huh?7 cells transfected with NC mimics, miR-342-3p mimics, or miR-342-3p mimics + LINC00460. (C) Relative mRNA expression of miR-342-3p
in HCC tissues and adjacent normal tissues was examined using qRT-PCR. (D) Pearson correlation analysis between miR-342-3p and LINC00460 expressions in 50 pairs of
HCC tissues. (E) CCK8 assay was used to measure the proliferation of HepG2 and Huh7 cells transfected with empty vector, pcDNA3.I-LINC00460,
pcDNA3.1-LINC00460 + miR-342-3p mimic, or pcDNA3.1-LINC00460 + si-AGR2. (F and G) Transwell assays were used to determine the migration and invasion of
HepG2 and Huh7 cells transfected with empty vector, pcDNA3.1-LINC00460, pcDNA3.|-LINC00460 + miR-342-3p mimic, or pcDNA3.1-LINC00460 + si-AGR2. Scale bar,
100 pm. Data are representative of three independent experiments and shown as mean * s.d. **P < 0.01, **P < 0.001.
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cells."” Recently,
androgen-reg

Xpression has been reported to show lower
of CRC patients. AGR2 enhances the cano-
dependent cell proliferation and differ-

overall surviv
nical Wnt/B-cate
entiation, as well as regulates the stemness of colon cancer
stem cells.”” Moreover, AGR2 expression has been observed
relatively high in prostate cancer and lung cancer.”** It has
been reported that AGR2 is a direct target of miR-342-3p."?
In our study, LINC00460 was proved to mainly distribute in
the cytoplasm, thus regulating the post-transcription of
miRNAs. Bioinformatic analysis (miRanda software) pre-
dicted that miR-342-3p was the only downstream miRNA

R2 expression

si-LINC00460

si-NC  si-LINC00460

owth of nude mice with HepG2 cells transfected with si-LINC00460 or si-NC. Tumor
2 M representative of three independent experiments and expressed as mean % s.d. **P < 0.01
00460, AGR2, or miR-342-3p in xenografts of each group were assessed using qRT-PCR. ***P<0.001. (C)
ession level of AGR2 in xenografts of each group, **P < 0.01.

target of LINC00460. RNA pull-down and luciferase assays
were used to verify their interaction in HCC. Functionally,
we found that LINC00460 markedly promoted the HCC
proliferation, migration, and invasion by increasing AGR2
expression via sponging miR-342-3p, which were abrogated
by co-transfection with miR-342-3p or si-AGR2.
Collectively, our findings firstly determined the expression
level, clinical relevance, and function mechanism of
LINC00460 in HCC, and revealed that LINC00460 facilitates
HCC progression by regulating miR-342-3p/AGR?2 axis, pro-
viding a potential therapeutic strategy for HCC treatment.

Conclusion

Our study demonstrated that LINC00460 is highly
expressed in HCC tissues and cells. Its upregulation is
closely associated with the TNM stage, metastasis and
poor survival of HCC patients. LINC00460 serves as an
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