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Background: MiR-1323 was identified in 2006. Until now, the roles and mechanisms of
miR-1323 in the progression of cancers including hepatocellular carcinoma (HCC) remain
unknown. The aim of this study was to investigate the expressions, roles and mechanisms of
miR-1323 in HCC development.

Methods: QRT-PCR was used to evaluate the expressions of miR-1323, GAS5 and
TP53INP1 in HCC tissues and cell lines. CCK-8 assay, transwell invasion assay and flow
cytometry assay were conducted to evaluate the proliferation, invasion and apoptosis of HCC
cells. Luciferase assay was used to identify microRNA-target interaction.

Results: Firstly, our results showed that miR-1323 promoted proliferation and invasion, and
inhibited apoptosis of HCC cells. Secondly, we found that TP53INP1 was a direct target of
miR-1323 and could reverse the effects of miR-1323 on proliferation, invasion and apoptosis
of HCC cells. Thirdly, our results showed that long non-coding RNA (IncRNA) GAS5 and
miR-1323 could interact with each other and affect biological processes of HCC cells.
Furthermore, we identified the negative correlations between miR-1323 and TPS53INPI,
and between miR-1323 and GASS in tumor tissues of patients with HCC.

Conclusion: Taken together, our study revealed the important roles of GAS5/miR-1323/
TP53INP1 axis in HCC progression. This study also provided promising strategies for
targeted therapy of patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common types of cancer and
one of the leading causes of cancer-related deaths all over the world. In the past few
years, though many potential biomarkers and targets were revealed to improve the
diagnosis and treatment for patients with HCC, the outcome of HCC remains
unsatisfactory.! Thus, it is important to explore some novel and practical diagnostic
biomarkers and therapeutic targets for patients with HCC.

In recent years, non-coding RNAs, including microRNAs (miRNAs) and long
non-coding RNAs (IncRNAs), have been reported to become potential diagnostic
biomarkers and therapeutic targets for HCC.>* MiRNAs with the length of 18-25
nucleotides could bind to the 3’-untranslated region (3'-UTR) of target mRNA and
regulate gene expression at the post-transcriptional level. Our previous studies showed
that miR-23b and miR-766 were up-regulated in tumor tissues of HCC patients, and
promoted proliferation and invasion of HCC cells.* Though some miRNAs have
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been revealed to play important roles in the tumorigenesis of
HCC by targeting various genes and signaling pathways, the
roles and mechanisms of other miRNAs in HCC progression
remain to be explored. MiR-1323 was reported to be up-
regulated in radiation-resistant lung cancer cells and tumor
tissues from esophageal squamous cell carcinoma patients
which were resistant to neoadjuvant radiochemotherapy.’®
In our previous study, small RNA sequencing identified
miR-1323 as one of the up-regulated miRNAs in tumor
tissues of patients with HCC.® Law et al also found that
miR-1323 level was increased in HCC tissues.'’ However,
the roles and mechanisms of miR-1323 remain unknown.

LncRNAs with more than 200 nucleotides in length
could interact with RNA, DNA or protein, and play impor-
tant roles in various biological processes including cell pro-
liferation, invasion and apoptosis.'" Our previous study
showed that IncRNA XIST could inhibit proliferation and
invasion of HCC cells by interacting with miR-92b.”
Another IncRNA DSCRS could also act as a molecular
sponge for miR-485-5p to affect proliferation and apoptosis
of HCC cells."> However, more IncRNA-miRNA interac-
tions should be revealed in the tumorigenesis of HCC.

In this study, we explored the functional roles and
mechanisms of miR-1323 in HCC progression. Firstly,
we examined the effects of miR-1323 on proliferation,
invasion and apoptosis of HCC cells. Then the target
gene and binding IncRNA of miR-1323 were also investi-
gated. Finally, the expression of miR-1323 was detected in
tumor tissues from patients with HCC. This study may
provide a novel and promising strategy for diagnosis and
treatment of patients with HCC.

Material and methods

Cell culture

Two HCC cell lines including SMMC-7721 and HepG2 were
obtained from Cell Resource Center of Shanghai Institutes
for Biological Sciences, Chinese Academy of Sciences
(Shanghai, China). All cells were cultured in Dulbecco’s
modified Eagles Medium (DMEM) containing 10% fetal
bovine serum (Gibco, Grand Island, NY, USA) and main-
tained in a humidified atmosphere with 5% CO, at 37°C.

Patients and tissue samples

Tumor tissues and its adjacent non-tumorous liver tissues
(ANLTs) were randomly collected from HCC patients who
underwent surgical resection at the Department of
Hepatobiliary and Pancreatic Surgery, the Affiliated

Hospital of Qingdao University from January 2015 to
March 2017. The clinical data of patients with HCC used
in this study were listed in Table S1. The experimental
protocols conformed to the Ethical Guidelines of the 1975
Declaration of Helsinki, revised in 2000. The study was
approved by the Ethics Committee of the Affiliated
Hospital of Qingdao University and written informed con-
sents were obtained from the participants.

RNA isolation and gqRT-PCR

Total RNA was extracted using RNAiso (Takara, Otsu, Japan)
according to the manufacturer’s instructions. SYBR-green
premix (Takara) was used in the PCR reaction after reverse
transcription. The expressions of miR-1323 and other genes
were, respectively, normalized to U6 and -actin expression.
The data were analyzed by delta-delta Ct method. Primers for
miR-1323 and U6 were obtained from Hairpin-itTM
Quantitation PCR Kit (GenePharma, Shanghai, China).
Primer sequences of TP53INP1, GASS and B-actin were listed
as follows: TPS3INP1: 5'- TTCCTCCAACCAAGAACCA
GA -3’ and 5- AAGCAGGAATCACTT GTATCAGC -3,
GASS: 5- ACTCCTGTGAGGTATGGTGCTGG —3” and 5'-
GCTCTTTAGGACTTCAGTAGCTATTC -3'; B-actin: 5'-
CATCC TCACCCTGAAGTACCCC-3" and 5'-AGCCTGGA
TGCAACGTACAT G-3'.

Cell counting kit-8 (CCK-8) assay

CCK-8 assay was used to evaluate the proliferation of HCC
cells. Briefly, cells were seeded in a 96-well plate. 24 hrs later,
cells were transfected with corresponding oligonucleotides.
CCK-8 solution (Dojindo, Kumamoto, Japan) was added into
the wells at indicated time points and incubated at 37°C for 1
hr. The absorption values at 450 nm were measured.

Transwell invasion assay

Cell invasion was evaluated using transwell chambers
(24-well, 8.0 um pore size, Corning Incorporated,
Corning, NY, USA). Cells were cultured with DMEM
medium in the upper chamber coated with matrigel (BD
Biosciences, San Jose, CA, USA), and DMEM medium
with 10% fetal bovine serum was added in the lower
well. Then, non-invaded cells were removed from the
upper membrane of chamber with cotton-tipped swabs
at the appropriate time. The invaded cells on the lower
surface of the membrane were fixed in methanol and
stained with 0.1% crystal violet. Cells were counted
under a light microscope.
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Flow cytometry analysis for cell apoptosis
Cell apoptosis was evaluated using an Annexin V/propi-
dium iodide (PI) apoptosis detection kit (Thermo Fisher
Scientific, Waltham, MA, USA) according to the manu-
facturer’s instructions. Cells were suspended in binding
buffer and stained with annexin V/PI at room temperature.
Then, annexin V-positive cells were detected using a flow
cytometer (BD Biosciences). Data analysis was performed
using FlowJo software (Tree Star, San Carlos, CA, USA).

Western blotting

Cells were lysed in RIPA buffer and a BCA Protein Assay Kit
(Pierce Biotechnology, Rockford, IL, USA) was used to deter-
mine the protein concentration. Then the proteins were sepa-
rated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis, and transferred onto a PVDF membrane
(Millipore, Billerica, MA, USA). The membrane was blocked
with 5% non-fat milk and incubated with TP53INP1 antibody
(Abcam, Cambridge, MA, USA) and f-actin antibody (Cell
Signaling Technology, Danvers, MA, USA). Immunodetection
was conducted using an Odyssey Infrared Imaging System

(LI-COR Biosciences, Lincoln, NE, USA).

Transfection and luciferase reporter assay
Oligonucleotides, including miR-1323 mimics, miR-1323
inhibitor, TP53INP1 siRNA, GAS5 siRNA and NC
Oligonucleotides, were obtained from GenePharma
(Shanghai, China). TP53INP1 3'-UTR and GASS
sequences including putative miR-1323 binding sites were
fused to a modified pcDNA3.1 vector containing sequences
encoding a luciferase reporter gene. Reporter plasmids with
mutant sites were constructed using Mutagenesis Kit
(Stratagene, La Jolla, CA, USA). Oligonucleotides and
plasmids were transfected using Hiperfect transfection
reagent (Qiagen, Valencia, CA, USA) and Lipofectamine
3000 reagent (Invitrogen, Carlsbad, CA, USA), respec-
tively. Luciferase reporter analysis was conducted using
Dual Luciferase Assay System (Promega, Madison, WI,
USA) according to the manufacturer’s instructions.

Statistical analysis

Statistical analysis was conducted using the GraphPad
Prism 7 software (GraphPad Software, San Diego, CA,
USA). Comparisons were performed using student’s
t-test or one-way ANOVA. Pearson’s analysis was used
in correlation analysis. P<0.05 was considered as statisti-
cally significant.

Results
MiR-1323 affected proliferation, invasion
and apoptosis of HCC cells

Firstly, we investigated whether miR-1323 could affect
biological processes of HCC cells. The levels of miR-
1323 were measured in two HCC cell lines including
SMMC-7721 and HepG2 cells. Our results showed that
the expression of miR-1323 was higher in SMMC-7721
cells than that in HepG2 cells (Figure 1A). Then we
increased the miR-1323 expression in HepG2 cells using
miR-1323 mimics and decreased its expression in SMMC-
7721 cells using miR-1323 inhibitor (Figure 1B and C).
CCK-8 assay, transwell invasion assay and flow cytometry
with annexin V/PI staining were used to evaluate prolif-
eration, invasion and apoptosis of HCC cells. Our results
showed that miR-1323 over-expression could significantly
promote proliferation and invasion of HepG2 cells, and
knockdown of miR-1323 could inhibit proliferation and
invasion of SMMC-7721 cells (Figure 1D-G). We also
found that down-regulation of miR-1323 induced apopto-
sis of HCC cells (Figure 1H). These data suggested that
miR-1323 could affect proliferation, invasion and apopto-
sis of HCC cells.

TP53INPI was a direct target of
miR-1323

Then we explored the specific mechanism through
which miR-1323 regulated biological processes of
HCC cells. Three different microRNA-target prediction
databases, including Targetscan, miRDB and miRMap,
were used to screen the potential target genes for miR-
1323. The results showed that TP53INP1 was the
potential target gene of miR-1323 with high scores in
all the three databases. To validate the binding ability
between miR-1323 and 3'UTR of TP53INP1, we con-
structed the luciferase reporter plasmids with wide
type (wt) or mutant (mut) 3'UTR of TP53INPI
(Figure 2A). Luciferase reporter gene assay revealed
that miR-1323 could directly target 3'UTR of wt-TP
53INP1 to negatively regulate the luciferase activity,
but not target 3'UTR of mut-TP53INP1 (Figure 2B).
We also found that miR-1323 inhibitor could increase
the TPS3INP1 level in SMMC-7721 cells and miR-
1323  mimics could inhibit the expression of
TP53INP1 in HepG2 cells (Figure 2C and D). Taken
together, TPS3INP1 was a direct target of miR-1323 in
HCC cells.
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Figure | MiR-1323 affects proliferation, invasion and apoptosis of HCC cells. (A) Relative miR-1323 expressions in SMMC-7721 and HepG2 cells were determined by
qRT-PCR. The data were normalized to the expression level of miR-1323 in HepG2 cells. (B=C) miR-1323 was over-expressed in HepG2 cells and knocked down in
SMMC-7721 cells. (D-E) CCK-8 assays were conducted. (F-G) Transwell invasion assays were conducted. The number of cells invaded was counted and compared
in the right diagrams. (H) Flow cytometric assays of apoptosis were performed, and the percentage of apoptotic cells was calculated and compared in the right
diagram. Results were represented as mean * S.D. (n23). *P<0.05, **P<0.01.
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Knockdown of TP53INPI reversed the
effects of miR-1323 inhibitor on biological

processes of HCC cells

In this study, we also investigated whether miR-1323 regu-
lated biological processes of HCC cells by targeting
TP53INP1. SMMC-7721 cells were co-transfected with
miR-1323 inhibitor and TP53INP1 siRNA, and the expres-
sions of miR-1323 and TP53INP1 were shown in Figure 3A
and B. The results of CCK-8 and transwell invasion assays
showed that knockdown of TP53INP1 could significantly
reverse the effects of miR-1323 inhibitor on the proliferation
and invasion of HCC cells (Figure 3C and D). Flow cyto-
metry with annexin V/PI staining also showed that knock-
down of TP53INPI1 could attenuate the apoptosis mediated
by miR-1323 inhibitor (Figure 3E). These data suggested that
TP53INP1 was essential for the effects of miR-1323 on
proliferation, invasion and apoptosis of HCC cells.

LncRNA GAS5 and miR-1323 interacted

with and negatively regulated each other
In recent years, more and more IncRNAs were reported
to act as competing endogenous RNAs which could bind

A

miRNAs to regulate biological processes of cancer
cells.”® To explore whether the expression and function
of miR-1323 were mediated by IncRNAs, we screened
the predicted binding IncRNAs for miR-1323 using
Starbase V3.0. The results showed that IncRNA GASS5
sequence contained the potential binding sites for miR-
1323. To verify the binding ability between GASS and
miR-1323, we constructed two luciferase reporter plas-
mids with wt- or mut-predicted miR-1323 binding sites
of GASS5 sequence (Figure 4A). Luciferase reporter
assays showed that miR-1323 over-expression could inhi-
bit the luciferase activity of wt-GASS reporter vector, but
not empty mut-GAS5  reporter
(Figure 4B). Moreover, the results of qRT-PCR assays
indicated that miR-1323 was significantly up-regulated
after GASS silencing in SMMC-7721 cells (Figure 4C
and D). Knockdown of miR-1323 could also increase the
expression of GASS in SMMC-7721 cells (Figure 4E).
Western blot analysis showed that knockdown of GASS5
could inhibit TPS3INP1 expression in SMMC-7721 cells
(Figure 4F). Taken together, these results indicated that
IncRNA GASS5 and miR-1323 could interact with and
negatively regulate each other.
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Figure 2 TP53INPI is a direct target of miR-1323. (A) Diagram of two predicted binding sites and corresponding mutant sites for miR-1323 in the 3’-UTR of
TP53INPI (wt, wild-type; mut, mutant type). (B) Effects of miR-1323 mimics on the activity of luciferase reporter genes containing wt and mut 3’-UTR of
TP53INPI. Each luciferase activity was normalized to the value of the cells transfected with NC mimics. (C~D) Western blot analysis of TP53INP| expressions in
SMMC-7721 cells transfected with miR-1323 inhibitor and HepG2 cells transfected with miR-1323 mimics. Results were represented as mean * S.D. (n23).

*P<0.05, **P<0.01.
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Reciprocal regulation between GAS5 and

miR-1323 affected biological processes of
HCC cells

Next, we investigated whether the interaction between
GAS5 and miR-1323 could affect biological processes of
HCC cells. SMMC-7721 cells were co-transfected with
GASS siRNA and miR-1323 inhibitor, and the expressions
of GASS and miR-1323 were shown in Figure 4G and
H. The results from CCK-8 and transwell invasion assays
showed that co-transfection with GAS5 siRNA and miR-
1323 inhibitor could significantly reverse the effects of
single knockdown of GAS5 or miR-1323 on proliferation
and invasion of HCC cells (Figure 41 and J). These data
suggested that the reciprocal regulation between GASS
and miR-1323 could affect proliferation and invasion of
HCC cells.

MiR-1323 level was inversely correlated
with TP53INPI or GAS5 expression in
HCC tissues

In order to explore the association of miR-1323, GASS
and TP53INP1 expression with HCC occurrence, we
detected the expression levels of miR-1323, GASS and
TPS53INP1 in 30 pairs of tumor tissues and ANLTs from
patients with HCC by qRT-PCR assays. As shown in
Figure 5A, miR-1323 expression was significantly
higher in HCC tissues than that in ANLTs. We also
found that expressions of both TP53INP1 and GASS
were lower in tumor tissues than that in ANLTs of
patients with HCC (Figure 5B and C). Correlation ana-
lysis indicated that miR-1323 level was negatively asso-
ciated with TP53INP1 or GASS5 expression in tumor
tissues of patients with HCC (Figure 5D and E). These
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data suggested that GASS5/miR-1323/TP53INP1 axis
might be related with the occurrence of HCC.

Discussion

In recent years, miRNAs and IncRNAs have been consid-
ered as essential regulators in tumorigenesis of many can-
cers including HCC. Many miRNAs and IncRNAs have
been revealed to be deregulated in HCC progression and
affect biological processes of HCC cells.'*'* In this study,
we found that miR-1323 was up-regulated and IncRNA

GASS5 was down-regulated in tumor tissues of patients
with HCC. Our results also showed that GASS5 and miR-
1323 could interact with each other and affect proliferation
and invasion of HCC cells. These data suggested that miR-
1323 and GASS might be potential biomarkers and ther-
apeutic targets for patients with HCC. We would also
focus on the roles of miR-1323 and GASS in the prognosis
of patients with HCC in our future work.

The gene encoding miR-1323 was located on chromo-
some 19. The sequence of miR-1323 was identified as one
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Figure 5 Expression levels of miR-1323, TP53INPI and GAS5 in HCC tissues. (A=C) Expression levels of miR-1323, TP53INP| and GAS5 in 30 pairs of tumor tissues and
ANLTs from patients with HCC were determined by qRT-PCR. (D) The correlation between miR-1323 and TP53INPI expression in tumor tissues of patients with HCC
was analyzed (n=30). (E) The correlation between miR-1323 and GAS5 expression in tumor tissues of patients with HCC was analyzed (n=30). *P<0.05, ***P<0.001.

of the mammalian miRNA candidates in 2006 and was
verified by miRNA cloning in 2008.'%!” Until now, the
roles and mechanisms of miR-1323 in the progression of
cancers including HCC remain to be explored. In this
study, our results showed that miR-1323 could affect pro-
of HCC
Mechanical investigations showed that miR-1323 could
interact with GASS and 3’ UTR of TP53INPI1. These
data for the first time revealed the oncogenetic roles and

liferation, invasion and apoptosis cells.

molecular mechanisms of miR-1323 in HCC progression.

The gene encoding IncRNA GASS5 was poorly con-
served and was located on chromosome 1. GAS5 was
widely expressed in human tissues and usually over-
expressed in growth-arrest cells."®?° GAS5 was reported
to be down-regulated in many cancers and inhibit

tumorigenesis. For example, up-regulation of GASS5
could inhibit cell proliferation, cell cycle progression and
cell invasion in clear cell renal cell carcinoma.”’ Another
study revealed that GASS5 could repress the proliferation,
migration and invasion of glioma cells.”? It was also
reported that low GASS level was associated with poor
prognosis of patients with HCC, and knockdown of GAS5
expression could promote proliferation and invasion of
HCC cells.”>*> Moreover, GAS5 was investigated to
bind and target many miRNAs, including miR-222, miR-
196-5p and miR-365a-3p, to affect biological processes of
many cell types.’*2® In this study, our results revealed
a new interaction between GASS and miR-1323 in HCC
cells. We also indicated that GASS5 could target miR-1323
to affect proliferation and invasion of HCC cells.
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In this study, we also indicated that TPS3INP1 was

a direct target of miR-1323. TP53INP1 was a stress-

induced gene and was located on chromosome

8.29

TPS3INP1 was reported to be down-regulated in multiple

cancers including gastric cancer, pancreatic cancer and
advanced HCC.*°>? TP53INP1 was regulated by P53
and P73, and it could inhibit cell cycle and promote

apoptosis by both P53-dependent and P73-dependent

pathways.>*** In recent years, many studies also showed
that TP53INP1 could be regulated by miRNAs, including
miR-221, miR-200a and miR-504, and act as a tumor
suppressor gene in cancer progression.>> >’ In this study,
we revealed that miR-1323 could target 3’ UTR of
TPS53INP1 and decrease its expression in HCC cells,

which

indicated a new regulatory mechanism for

TP53INP1 expression. We would also focus on the mole-

cular mechanisms underlying how TP53INP1 affects bio-

logical processes of HCC cells in our future work.

Conclusion

In summary, our study investigated the expressions, roles
and mechanisms of GAS5/miR-1323/TP53INP1 axis in
HCC progression. Our findings also suggested that GASS,
miR-1323 and TP53INP1 might serve as potential diagnos-
tic biomarkers and therapeutic targets for patients with HCC.
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Supplementary material

Table S| Clinical data of patients with HCC in this study

Factors Number of
patients

Age (<60/260) 13/17

Gender (male/female) 20/10

Hepatitis B virus (HBV) infection (Positive/ 29/1

Negative)

Serum a-fetoprotein (AFP) level (<20/220 pug/L) | 11/19

Microvascular invasion (Absent/Present) 20/10

Number of tumors (1/22) 29/1

Tumor Size (<5/25 cm) 21/9
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