Cancer Management and Research

3

Dove

ORIGINAL RESEARCH

Long Noncoding RNA PRR34-AS| Aggravates the

Progression of Hepatocellular Carcinoma by
Adsorbing microRNA-498 and Thereby Upregulating

FOXO3

Zhaoming Liu'

Zhen Li®

Binghui Xu'

Hao Yao'

Shuangyu Qi'

Jianxiong Tai'

'Department of Hepatobiliary Surgery,
Harrison International Peace Hospital,
Hengshui, Hebei 053000, People’s
Republic of China; 2Department of
Interventional Therapy, Harrison

International Peace Hospital, Hengshui,
Hebei 053000, People’s Republic of China

Correspondence: Zhaoming Liu
Department of Hepatobiliary Surgery,
Harrison International Peace Hospital,
180 Renmin East Road, Hengshui, Hebei
053000, People’s Republic of China
Email liuzm_hepat@163.com

This article was published in the following Dove Press journal:
Cancer Management and Research

knowledge regarding the detailed r
this study, the expression profi
and cell lines were determi ed roles and underlying mechanisms of
PRR34-AS1 in HCC cells

Methods: Reverse transc

ively elucidated.

e polymerase chain reaction (PCR) was per-
formed to meas in HCC cells. Cell proliferation, apoptosis, and
in vitro using the cell counting kit-8 (CCK-8) assay,
well cell migration and invasion assays, respectively. In
s determined using tumor xenograft experiments. The potential

4-AS1 were predicted via bioinformatic analysis and further con-

C cell proliferation, migration, and invasion but promoted cell apoptosis
itro. In addition, loss of PRR34-ASI decreased tumor growth in HCC cells in vivo.
nistically, PRR34-AS1 functions as a miR-498 sponge and subsequently increases
forkhead box O3 (FOXO3) expression in HCC cells. Rescue experiments revealed that the
suppressive effects triggered by PRR34-AS1 knockdown on the malignant characteristics of
HCC cells could be abrogated by inhibiting miR-498 or restoring FOXO3 expression.
Conclusion: The depletion of PRR34-ASI suppresses the oncogenicity of HCC cells by
targeting the miR-498/FOXO03 axis. Therefore, the PRR34-AS1/miR-498/FOXO03 pathway
may offer a basis for HCC treatment.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth-most common type of human cancer
and the second-most common cause of cancer-related mortalities worldwide' due to
a lack of noticeable symptoms, difficulties in early detection, complex pathological
mechanisms, and high death rates.” In the last decade, the morbidity of HCC has
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significantly increased by approximately 3% per year in
women and by approximately 4% per year in men.> It has
been estimated that there will be over 750,000 novel HCC
cases and 55,000-85,000 deaths per year globally due to
this fatal malignancy.* Despite tremendous advancements
in HCC diagnosis and therapy, the therapeutic effective-
ness of HCC treatments remains unsatisfactory, with more
than half of the patients suffering from recurrence and
distant metastasis even after surgical excision.”® The over-
all 5-year survival rate of patients with HCC is approxi-
mately 5%, and the poor clinical outcomes are largely
attributed to limited effective treatment options, delayed
diagnosis, and the complex pathogenesis of HCC.”*®
Therefore, research into the mechanisms associated with
hepatocarcinogenesis and cancer progression may contri-
bute in identifying promising therapeutic targets as well as
in developing new approaches for HCC management.
Long noncoding RNAs (IncRNAs) are short transcripts
(over 200 nucleotides long) that lack protein-coding
capacity.” Several studies have revealed that IncRNAs
contribute to diverse physiological and pathological pro-
cesses via epigenetic, transcriptional, and post-
transcriptional modulation.'® Accumulating evidence sug-
gests that IncRNAs play key roles in carcinogenesis

cancer progression.'''?

The aberrant expression
IncRNAs is commonly observed in HCC

instance, SNHGS5,'* OIP5-AS1,'® and CAS

RNA molecules of ap
can negatively 1g

with the 3'-
mRNAs, ipt” inhibition and/or mRNA
degradation. miRNAs have been verified in

the human genor{@and are estimated to regulate approxi-

mately 30% of prot®B-coding genes.”® They are critically
implicated in the genesis and development of HCC
because they exert essential activities, such as the regula-
tion of cell growth, metastasis, tumor differentiation, and
angiogenesis.”**> Importantly, the proposed competing
endogenous RNA (ceRNA) theory, which suggests that
IncRNAs work as a miRNA sponge and prevent their
binding to mRNAs, has received increasing attention.*®

Therefore, it may be helpful to study the functions and

mechanisms of IncRNAs in HCC cells to identify effective
therapeutic targets.

A substantial number of IncRNAs are aberrantly
expressed in HCC;*"*® however, knowledge regarding
the detailed roles and mechanisms of most IncRNAs in
HCC cells remains limited. In this study, we first measured
PRR34 antisense RNA 1 (PRR34-AS1) expression in
HCC cells and tissues and determined the roles of PRR34-
AS1 in regulating the malignant characteristics of HCC
cells. In addition, we comprehensively elucidated the
mechanisms behind the oncogenic s of PRR34-

AS1 in HCC cells.

Materials and
Tissue Sample

ved radiotherapy, che-

ticancer treatments before the
ens were immediately placed
n and stored in liquid nitrogen until
study was approved by the Ethics
arrison International Peace Hospital
3) and performed in accordance with the
claratfon of Helsinki. Written informed consent was
btained from all participants.

HCC cell lines, including Hep3B, HuH7, and BEL-
7402, as well as transformed Human Liver Epithelial-3
cells (THLE-3) were purchased from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China).
Two additional HCC cell lines (SNU-182 and SNU-398)
were obtained from American Type Culture Collection
(Manassas, VA, USA).

Hep3B cells were maintained in minimal essential
medium (Gibco; Thermo Fisher Scientific, Inc., Waltham,
MA, USA) containing 10% fetal bovine serum (FBS;
Gibco; Thermo Fisher Scientific, Inc.), 1% GlutaMAX,
1% nonessential amino acids, 1% sodium pyruvate 100
mM solution, and 1% penicillin/streptomycin (Gibco;
Thermo Fisher Scientific, Inc.). HuH7 cells were cultured
in Dulbecco’s Modified Eagle Medium (Gibco; Thermo
Fisher Scientific, Inc.) with 10% FBS, 1% GlutaMAX, 1%
nonessential amino acids, and 1% penicillin/streptomycin.
RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) con-
taining 10% heat-inactivated FBS (Gibco; Thermo Fisher
Scientific, Inc.) and 1% penicillin/streptomycin was used
for the culturing of BEL-7402, SNU-182, and SNU-398
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cells. Extra 1% GlutaMAX and 1% nonessential amino
acids were added to the growth medium for SNU-182
cells. BEGM  medium (Clonetics  Corporation,
Walkersville, MD) with 5 ng/mL EGF, 70 ng/mL
Phosphoethanolamine and 10% FBS was used to culture
THLE-3 cells. All cell lines were cultured at 37°C in
a humidified atmosphere of 5% CO.,.

Oligonucleotide, Plasmid, and Cell
Transfection

miR-498 mimic and inhibitor were obtained from Ribobio
(Guangzhou, China) and used to increase and decrease
endogenous miR-498 expression, respectively. Negative
control miRNA mimic (miR-NC) and negative control
(NC) inhibitor were used as the controls for miR-498
mimic and miR-498 inhibitor, respectively. The corre-
sponding sequences were as follows: miR-498 mimic, 5'-
CUUUUUGCGGGGGACCGAACUUU-3"; miR-NC, 5'-
UUGUACUACACAAAAGUACUG-3'; miR-498 inhibi-
tor, 5'- GAAAAACGCCCCCUGGCUUGAAA -3'; and
NC inhibitor 5'-CAGUACUUUUGUGUAGUACAA-3".
Small interfering RNA (siRNA) targeting PRR34-AS!
(si-PRR34-AS1), siRNA scrambled control (si-N
forkhead box O3 (FOXO3) overexpressing p
pcDNA3.1/FOX03, and empty pcDNA3.1 plasmld
all acquired from GenePharma Co., Ltd, ( o
These oligonucleotides and plasmids gt
HCC cells using the Lipofectamine o
Carlsbad, CA, USA). The si-P
follows: si-PRR34-AS1#1, 5,
ATTTA-3'; si-PRR34-
ATAAATA-3"; i

and

the nuclear and cytoplasmic fractions was evaluated via

reverse transcription-quantitative polymerase chain reaction
(RT-gPCR).

RT-qPCR
Total RNA was extracted from the cells using the TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.). The
miRcute miRNA Isolation Kit (TTANGEN, Beijing, China)

was used for miRNA extraction. RNA purity and quality
were determined using the NanoDrop 2000c (Thermo Fisher
Scientific, Inc.). Complementary DNA (cDNA) was synthe-
sized from total RNA using the PrimeScript™ RT Reagent
Kit (Takara Biotechnology Co., Ltd., Dalian, China), and
gPCR was performed to detect the expression of PRR34-AS1
and FOXO3 using the SYBR® Premix Ex Taq™ (Takara
Biotechnology Co., Ltd.). Glycerol-3-phosphate dehydro-
genase (GAPDH) was used as the internal reference for
PRR34-AS1 and FOXO3 expression.

The miRcute Plus miRNA Jg
(TIANGEN) was

cDNA from
R amplifica-
the miRcute

5'-ACTCATGCAGCGGAGCTCTAG-3" (for-
-GTTCAGAGATGAAGGTCCGAACA-3'
PDH, 5-CGGAGTCAACGGATTTGGTC
rward) and 5-AGCCTTCTCCATGGTGGTG
C-3' (reverse); miR-498, 5'- TCGGCAGGUUCA
AGCCAGGGG -3’ (forward) and 5'- CACTCAACTG
GTGTCGTGGA -3’ (reverse); and U6, 5'-GCTTCGGCA
GCACATATACTAAAAT-3' (forward) and 5'-CGCTTCA
CGAATTTGCGTGTCAT-3' (reverse).

Cell Counting Kit-8 (CCK-8) Assay
Transfected cells were seeded into 96-well plates with five
replicate wells. Each well contained a 100-pL cell suspension
containing 2000 cells. Cell proliferation was monitored at 0,
24, 48, and 72 h after cell inoculation. Cells were incubated
with 10 pL of the CCK-8 solution (Dojindo, Tokyo, Japan) at
37°C with 5% CO, for 2 h. Finally, the absorbance was
measured at 450 nm using a microplate reader.

Flow Cytometric Analysis

Transfected cells were detached by incubating them with
ethylenediaminetetraacetic acid (EDTA)-free 0.25% tryp-
sin and then rinsing them twice with ice-cooled phosphate
buffer solution. Following centrifugation, the apoptosis of
the transfected cells was detected using the Annexin
V-fluorescein isothiocyanate (FITC) Apoptosis Detection
Kit (Biolegend, San Diego, CA, USA). Briefly, transfected
cells collected in a flow cytometer tube were made into
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a cell suspension and subsequently stained with 10 uL of
annexin V-FITC and 5 pL of propidium iodide at room
temperature for 20 min in the dark. The ratio of apoptotic
cells was analyzed using a flow cytometer (FACScan; BD
Biosciences, Franklin Lakes, NJ, USA).

Transwell Cell Migration and Invasion
Assays

For cell migration, transfected cells were collected after 48
h of cultivation and suspended in FBS-free basal medium
at a density of 5 x 10° cells/mL. The upper compartments
of the transwell chambers (8-um pore size; Corning Glass
Works, Corning, N.Y., USA) were filled with 200 pL of
the cell suspension, whereas 500 pL of the culture medium
supplemented with 20% FBS were added into the basolat-
eral compartments. After 24 h, the nonmigrated cells were
removed with a cotton swab and the migrated cells were
treated with 100% methanol and stained with 0.5% crystal
violet. For cell invasion, the transwell chambers were
coated with Matrigel (BD Biosciences, Franklin Lakes,
NJ, USA), and the remaining procedures were similar to
those of the migration assay. The migrated and invaded
cells were imaged and counted using an IX31 inve
microscope (x200 magnification; Olympus Corporatio
Tokyo, Japan).

Tumor Xenograft Experimen
The lentiviral vectors expressing
(shRNA) sequences targeting
AS1) and shRNA scrambled

to select the sh-PRR

The sequences g

TAATAATGGITAAA GAGTAAATTTTT-

TTCCATT @ and the sh-NC

sequences ¥-CCGGCACGATAAGACAATGTATT

TCTCGAGAAANQKATTGTCTTATCGTGTTTTTG-3".
Male BALB/c n¥e mice (aged 4—6 weeks) were pur-

chased from the Shanghai experimental animal center at

the Chinese academy of sciences (Shanghai, China) and
were randomly assigned into two groups: sh-PRR34-AS1
and sh-NC groups. The mice in the sh-PRR34-AS1 group
were subcutaneously injected with approximately 1 x 10’
HuH7 cells stably expressing sh-PRR34-AS1, whereas
mice in the sh-NC group were inoculated with sh-NC
stably transfected cells. After 1 week, tumor size was

monitored every 4 days. All mice were euthanized at the
end of the 31th day. Tumor xenografts were harvested,
weighed, and preserved in liquid nitrogen. Tumor volume
was calculated using the following formula: volume = 0.5
x (length x width?). All animal protocols were approved
by the Institutional Animal Care and Use Committee of
Harrison International Peace Hospital (2018#105), and
performed in accordance with the NIH guidelines for the
care and use of laboratory animals.

Bioinformatic Analysis
The expression profile of PRR34,

cells and

analyzed using the Gene
Analysis (GEPIA; h
includes the TCG - The potential

predicted using

precipitation (RIP) Assay
RIP™  RNA-Binding  Protein
ecipitation Kit (Millipore, Billerica, MA, USA)
s used to perform the RIP assay. HCC cells were
ollected and incubated with RIP lysis buffer. The cell
sates were incubated overnight at 4°C with magnetic

beads conjugated with anti-argonaute 2 (Ago2) or control
IgG antibody (Millipore). After digestion with protease K,
the immunoprecipitated RNA was extracted and subjected
to RT-qPCR analysis to determine miR-498 and PRR34-
AS1 enrichment.

Luciferase Reporter Assay

The fragments of PRR34-ASI containing the miR-498
wild-type (wt) binding site was amplified using RT-qPCR
and then inserted into pmirGLO dual-luciferase reporter
vectors (Promega, Madison, WI, USA), generating the wt-
PRR34-AS1 reporter plasmid. The GeneTailor™ Site-
Directed Mutagenesis System (Invitrogen, Carlsbad, CA,
USA) was used to perform binding site-directed mutagen-
esis and to produce the PRR34-AS1 mutant (mut) reporter
plasmid mut-PRR34-AS1. The wt-FOXO3 and mut-
FOXO3 reporter plasmids were constructed following the
same experimental steps. Using the Lipofectamine 2000
reagent, wt or mut reporter plasmids alongside miR-498
mimic or miR-NC were introduced into HCC cells. After
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48 h, the luciferase activity was determined using the
Dual-Luciferase Assay Kit (Promega).

Western Blotting

Total protein was extracted from cultured cells using RIPA
Lysis and Extraction Buffer (Invitrogen, Carlsbad, CA,
USA). The concentration of total protein was detected
using the BCA Protein Assay Kit (Beyotime; Shanghai,
China). Equal amounts of protein were separated using
10% sodium dodecyl sulfate—polyacrylamide gel electro-
phoresis and transferred onto polyvinylidene fluoride mem-
branes. After blocking with 5% skimmed milk for 2 h, the
membranes were incubated overnight with specific primary
antibodies targeting FOXO3 (cat. No. ab109629; Abcam,
Cambridge, UK) or GAPDH (cat. No. ab181603; Abcam)
and then probed with a horseradish peroxidase-conjugated
goat anti-rabbit immunoglobulin G secondary antibody (cat.
No. ab205718; Abcam). Finally, the Enhanced
Chemiluminescence Detection System (Pierce; Thermo
Fisher Scientific, Inc.) was used to develop protein signals.

Statistical Analysis
All results from three biological replicates were pregented
as mean + standard deviation. The Student’s z-te

is Upregulated in HCC Cells,

and Its DeMgetion Suppresses Cancer

Progression

To determine the expression of PRR34-AS1 in HCC cells,
GEPIA was used to analyze PRR34-AS1 expression in the
TCGA and GTEx databases. The expression of PRR34-
AS1 was upregulated in HCC tissues than in normal tissues
(Figure 1A). To validate this observation, RT-qPCR was
performed to detect PRR34-AS1 expression in 65 pairs of
HCC and adjacent normal tissues. The data revealed that

used to compare the data between the two groups, wh

PRR34-AS1 was remarkably upregulated in HCC tissues
than in adjacent normal tissues (Figure 1B). Additionally,
the expression levels of PRR34-AS1 were measured in
HCC cell lines (Hep3B, HuH7, BEL-7402, SNU-182,
and SNU-398) and transformed Human Liver Epithelial-
3 (THLE-3). Consistently, the expression level of PRR34-
AS1 was higher in all five HCC cell lines than in THLE-3
(Figure 1C). Furthermore, data analysis obtained from
TCGA and GTEx revealed that there was no obvious
correlation between PRR34-ASI expression and overall
e 1D; P = 0.14),
ined from the

survival in patients with HCC

which is consistent with thg

t efficiency in knocking down PRR34-ASI
ion and was therefore used in subsequent func-
tional experiments. The CCK-8 assay and flow cytometric
analysis were performed to assess HCC cell proliferation
and apoptosis after PRR34-AS1 knockdown. We observed
that loss of PRR34-AS1 clearly hindered the proliferation
(Figure 1G) but induced the apoptosis (Figure 1H) of
HuH7 and SNU-182 cells. Furthermore, both migratory
(Figure 11) and invasive (Figure 1J) abilities were appar-
ently decreased in PRR34-AS1-silenced HuH7 and SNU-
182 cells, as evidenced by the transwell cell migration and
invasion assay results. Taken together, these findings sug-
gest that PRR34-AS1 is upregulated in HCC cells and that
it exhibits in HCC
malignancies.

an oncogenic regulatory role

PRR34-AS| Functions by Adsorbing
miR-498 in HCC Cells

To explore the detailed mechanisms by which PRR34-AS1
regulates the oncogenicity of HCC, IncLocator analysis
and cellular nucleocytoplasmic fractionation were per-
formed to determine its localization in HCC cells. PRR34-
AS1 was predicted to be located in the cytoplasm (Figure
2A).This prediction was reconfirmed using the cellular
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nucleocytoplasm@ fractionation assay (Figure 2B).

Extensive evidence Was shown that cytoplasmic IncRNAs
can act as miRNA sponges, functionally liberating
miRNA-targeted mRNAs. Bioinformatic analysis was con-
ducted to identify potential miRNAs with complementary
base pairing to PRR34-AS1. Two miRNAs, miR-498 and
miR-3614-5p, were predicted to be sequestered by PRR34-
AS1 (Figure 2C). After PRR34-AS1 knockdown in HuH7
and SNU-182 cells, the expression levels of miR-498 were

found to be increased, whereas those of miR-3614-5p were

si-NC
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HuH7 SNU-182

unaffected (Figure 2D). Therefore, miR-498 was selected
for further experiments.

miR-498 expression was detected in the 65 pairs of
HCC and adjacent normal tissues. RT-qPCR analysis
showed that miR-498 was evidently downregulated in
HCC tissues than in adjacent normal tissues (Figure 2E).
Furthermore, the expressions of PRR34-AS1 and miR-498
were inversely correlated in the 65 HCC tissues (Figure
2F; r = —-0.7021, P < 0.0001), as demonstrated using

Pearson’s correlation coefficient. Luciferase reporter
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nter:
. The wild-

assays were conducted to analyz

and miR-498 were statistically
i-Ago?2 pellets (Figure 2H). Taken together,
these data sugd®e that PRR34-AS1 functions as an miR-
498 sponge in HCC cells.

enriched in §

miR-498 is an Antioncogenic miRNA in

HCC Cells

To identify the roles of PRR34-AS! in HCC cells, HuH7 and
SNU-182 cells were transfected with miR-498 mimic to
generate miR-498-overexpressing cells (Figure 3A). Cell
proliferation was detected via the CCK-8 assay, and the

Percentage transcript
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F

(o>}

r=-0.7021
P <0.0001

°
°
%o

Relative PRR34-AS1
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Both fractions were analyzed via RT-qPCR to determine the
ithin PRR34-AS|. (D) miR-498 and miR-3614-5p expression in
o measure the expression of miR-498 in 65 pairs of HCC and

results showed that transfection with miR-498 mimic
resulted in a substantial decrease in cell proliferation
(Figure 3B). Additionally, compared with the miR-NC
group, ectopic miR-498 expression strikingly promoted
HuH7 and SNU-182 apoptosis  (Figure 3C).
Furthermore, miR-498-overexpressing HuH7 and SNU-182
cells presented impaired migratory (Figure 3D) and invasive

cell

(Figure 3E) abilities compared with miR-NC-transfected
cells. These results collectively demonstrate that miR-498
plays cancer-inhibiting roles during HCC progression.

FOXO3 is Directly Targeted by miR-498
Under the Control of PRR34-ASI in

HCC Cells

A previous study has identified FOXO3 (Figure 4A) as
a direct target of miR-498 in HCC cells. To confirm this
observation, wt-FOXO3 and mut-FOXO3 reporter plasmids
were constructed and transfected into HuH7 and SNU-182
cells in the presence of miR-498 mimic or miR-NC. The
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Figure 3 miR-498,
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luciferase reporter asSay results showed that the luciferase
activity of wt-FOXO3 was initially decreased by miR-498
overexpression, whereas that of mut-FOXO3 was minimally
affected in HuH7 and SNU-182 cells (Figure 4B). In addi-
tion, transfection with miR-498 mimic led to significantly
reduced FOXO3 expression at both the mRNA (Figure 4C)
and protein (Figure 4D) levels in HuH7 and SNU-182 cells.
Furthermore, the expression of FOXO3 mRNA was

CLiAlS

omiR-NC
mmiR-498 mimic

) The proliferation and apoptosis of miR-498-overexpressed HuH7 and SNU-182 cells were analyzed via the CCK-8 assay
and E) Transwell cell migration and invasion assays were used to examine the migration and invasion of HuH7 and SNU-182

dramatically upregulated in HCC tissues than in adjacent
normal tissues (Figure 4E). Notably, the abundance of
FOXO3 mRNA in the 65 HCC tissue specimens was inver-
sely related to the level of miR-498 (Figure 4F; r = —0.6675,
P < 0.0001). The above results demonstrate FOXO3 as
a direct target of miR-498 in HCC cells.

To investigate the manner in which PRR34-A4S1 regulates
FOXO03 levels in HCC cells, the impacts of PRR34-AS1
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mRNA level of FOXO3 in the 65 pairs
between miR-498 and FOXO3 mRNA

J ) and protein (Figure 4H) levels
decreased by PRR34-AS1 depletion.
Additionally, p34-AS] expression presented a positive
correlation with FOXO3 mRNA in the 65 HCC tissues
(Figure 4I; r = 0.6265, P < 0.0001). To determine whether
PRR34-ASI regulates FOXO3 expression by adsorbing miR-
498, miR-498 inhibitor or NC inhibitor was transfected into
PRR34-AS1-depleted HuH7 and SNU-182 cells. RT-qPCR
and Western blotting were used to determine the expression
of FOXO3. The results confirmed that loss of PRR34-AS1
obviously decreased FOXO3 mRNA (Figure 4J) and protein

inhibitor .
498 inhibitor

65 HCC tisstes. (G and H) The regulatory effects of PRR34-AS| deficiency on FOXO3 mRNA and protein levels in
d Western blotting. (I) The relationship between PRR34-AS| and FOXO3 mRNA expression in the 65 HCC tissues

(Figure 4K) expressions in HuH7 and SNU-182 cells.
Significantly, this influence was abolished by the addition
of the miR-498 inhibitor. Collectively, these results demon-
strate that PRR34-AS1 acts as a molecular sponge for miR-
498 in HCC cells, thereby increasing the expression of its
downstream target gene FOXO3.

miR-498 Downregulation and FOXO3
Upregulation Both Abrogate the
Inhibitory Actions of PRR34-AS|

Downregulation in HCC Cells
To determine whether the biological activities of PRR34-
AS1 in HCC cells are mediated by the regulation of the
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miR-498/FOX0O3 axis, HuH7 and SNU-182 cells pre-
viously transfected with si-PRR34-AS1 were treated with
miR-498 inhibitor or NC inhibitor. The RT-qPCR results
verified the transfection efficiency of the miR-498 inhibi-
tor (Figure 5A). si-PRR34-AS1 transfection obviously
suppressed HuH7 and SNU-182 cell proliferation (Figure
5B) but promoted their apoptosis (Figure 5C); the effects
alleviated by miR-498
Additionally, the migration (Figure 5D) and invasion
(Figure S5E) of HuH7 and SNU-182 cells impaired by
PRR34-AS]1 deficiency were partially restored by the addi-
tion of the miR-498 inhibitor.

Rescue experiments were performed in HuH7 and
SNU-182 cells to test whether FOXO3 was required for
the PRR34-AS1-mediated regulation of the malignant fea-
tures in HCC. First, the overexpression efficiency of
pcDNA3.1/FOX03 was evaluated by measuring the
changes in FOXO3 protein expression in HuH7 and
SNU-182 cells after the transfection of pcDNA3.1/
FOXO3 or pcDNA3.1. The protein level of FOXO3 was
significantly increased in pcDNA3.1/FOXO3-transfected
HuH7 and SNU-182 cells (Figure 5F). pcDNA3.l/
FOXO3 or pcDNA3.1, in combination with si-PRR34

were inhibitor treatment.

Growth g
To addresiQ pdBsarcinogehesis role of PRR34-AS1

in vivo, xen®§ models Were established by injecting
HuH7 cells staD¥@aexpressing sh-PRR34-AS1 or sh-NC
into nude mice. TuM®r volumes (Figure 6A and B) and
weights (Figure 6C) were markedly decreased in the sub-
cutaneous tumor xenografts derived from sh-PRR34-AS1
stably transfected HuH7 cells. Tumor xenografts were
harvested and subjected to RT-qPCR analysis to determine
the expression levels of PRR34-ASI! and miR-498. The
data revealed that PRR34-4S1 was downregulated in the
subcutaneous tumors from the sh-PRR34-AS1 group
(Figure 6D), whereas the levels of miR-498 presented the

opposite trend (Figure 6E). Additionally, Western blotting
analysis revealed that FOXO3 protein expression was
remarkably decreased in PRR34-AS1-deficient tumor
xenografts (Figure 6F). Therefore, the interference of
PRR34-ASIinhibits the tumor growth of HCC due to
altered miR-498/FOXO03 expression.

Discussion
Recent studies have discovered that IncRNAs are differ-
entially expressed in HCC, and they have been validated
as crucial regulators in HCC cells.'$

by reg-
signaling
pathways.”' tumor-

associated IncR

fication of rgets. In the current
study, the ¢ d detaildd roles of PRR34-AS! in
HCC ddition, a series of mechanistic

iRNAs and mRNAs in relation to its
oncogenicity.

as been shown to promote the protection
gfol pretreatment against ischemia/reperfusion

esent study, TCGA and GTEx databases and clinical
specimens were used to evaluate the expression of PRR34-
AS1 in HCC cells. The expression of PRR34-ASI in HCC
tissues was higher than that in normal tissues. Following
PRR34-ASIsilencing in vitro, we assessed the changes in
HCC cell proliferation, apoptosis, migration, and invasion.
Our results displayed that PRR34-AS! interference inhib-
ited HCC cell proliferation, migration, and invasion and
promoted cell apoptosis. Tumor xenograft experiments
confirmed that loss of PRR34-AS1 reduced tumor growth
in HCC cells in vivo.

The above findings led us to investigate the precise
mechanisms by which PRR34-AS1 regulates the aggres-
siveness of HCC cells. The ceRNA regulation theory has
recently been proposed to describe the working mechan-
ism of cytoplasmic IncRNAs.** IncRNAs harbor miRNA-
response elements and can compete with other genes to
bind to miRNAs, thereby decreasing the miRNA-mediated
suppression of miRNA targets.”® Accordingly, the locali-
zation of PRR34-AS1 was first predicted using IncLocator,
a IncRNA subcellular localization predictor. In addition,
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Figure 5 The effects of PRR34-AS| downregulation on the malignant features of HCC cells are mediated by the miR-498/FOXO3 axis. (A) RT-qPCR was performed to
detect the expression of miR-498 in HuH7 and SNU- 182 cells after miR-498 inhibitor or NC inhibitor injection. (B—E) miR-498 inhibitor or NC inhibitor, alongside si-PRR34
-AS|, was transfected into HuH7 and SNU-182 cells. Proliferation, apoptosis, migration, and invasion were examined via the CCK-8 assay, flow cytometric analysis, and
transwell cell migration and invasion assays (x200 magnification), respectively. (F) Western blotting assessed the efficiency of pcDNA3.1/FOXO3 treatment in HuH7 and
SNU-182 cells. (G-J) CCK-8 assay, flow cytometric analysis, and transwell cell migration and invasion assays (x200 magnification) were used to investigate the proliferation,
apoptosis, migration, and invasion, respectively, of HuH7 and SNU-182 cells after cotransfection with pcDNA3.1/FOXO3 or pcDNA3.1 and si-PRR34-AS|. *P < 0.05 and
P < 0.0l.
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cellular nucleocytoplasmic fractionation was performed to
isolate the nuclear and cytoplasmic fractions of HCC cells.
Both fractions were subjected to RT-qPCR analysis to
determine the distribution of PRR34-ASI. PRR34-ASI
was found to be mostly distributed in the cytoplasm
HCC cells, implying its potential ability to function
a molecular sponge for miRNAs.

Using bioinformatics analysis, miR-498 ang

5p were predicted to be sequestered

PRR34-AS1 depletion.
lated in HCC tissues,

@clls. After validating FOXO3
miR-498, we further explored the reg-
ulatory relationship§gumong PRR34-ASI, miR-498, and
FOXO3 in HCC cells. Our results demonstrated that PRR34-
AS1 positively regulates FOXO3 expression in HCC cells by
acting as an miR-498 sponge. Taken together, a ceRNA
regulatory network involving PRR34-ASI, miR-498, and
FOXO3 was identified in HCC cells.

miR-498 is expressed at low levels in many types of
human cancers, including HCC.>* The results of functional

experiments illustrate the tumor-suppressing functions of

member of the forkhead box class
tor family.>> Studies have revealed the

-oncogenic actions during HCC genesis and
%% In the present study, rescue experiments
ere conducted, and the results showed that the suppres-
ive effects triggered by PRR34-ASI knockdown on the
alignant features of HCC cells could be abrogated by
inhibiting miR-498 or restoring FOXO3. Taken together, it
can be inferred that PRR34-AS1 acts as an miR-498 sponge
to increase the expression of FOXO3 in HCC cells,
thereby exhibiting cancer-promoting actions during cancer

progression.

In this study, we did not overexpress PRR34-ASI
expression, and determine the effects of PRR34-AS1 upre-
gulation on the malignant phenotypes of HCC cells.
Additionally, we did not explore whether knockdown of
PRR34-AS1 may regulate important signal pathways in
HCC. They were limitations of our study, and we will
resolve them in the near future.

Conclusion

In summary, PRR34-AS1 is significantly highly expressed
in HCC tissues and cell lines. PRR34-AS1 promotes the
oncogenicity of HCC cells by adsorbing miR-498 and

subsequently increasing the expression of FOXO3.
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