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Background: Previous studies indicated that long noncoding RNAs (lncRNAs) played vital

roles in the development and progression of hepatocellular carcinoma (HCC). Recently,

downregulation of lncRNA RP5-833A20.1 has been observed in HCC tissues. However,

the underlying mechanism by which RP5-833A20.1 regulates the proliferation and apoptosis

in HCC has not been investigated. Thus, this study aimed to investigate the role of

RP5-833A20.1 in the progression of HCC.

Methods: The levels of RP5-833A20.1 in 30 pairs of HCC tissues and adjacent normal

tissues were detected by RT-qPCR. In addition, the effects of RP5-833A20.1 on cell

proliferation, apoptosis and invasion were evaluated by CCK-8, flow cytometric, transwell

assays, respectively. Meanwhile, the dual-luciferase reporter system assay was used to

explore the interaction of RP5-833A20.1 and miR-18a-5p in HCC.

Results: The level of RP5-833A20.1 was significantly downregulated in HCC tissues and

HCC cell lines. Downregulation of RP5-833A20.1 markedly promoted the proliferation and

invasion of Bel-7402 cells. In addition, overexpression of RP5-833A20.1 notably inhibited

the proliferation and invasion of Huh7 cells. Moreover, overexpression of RP5-833A20.1

obviously induced the apoptosis of Huh7 cells via increasing the levels of Bax and active

caspase 3, and decreasing the levels of Bcl-2, p-Akt and p-ERK. Meanwhile, in vivo

experiments performed also indicated that overexpression of RP5-833A20.1 could inhibit

the tumorigenesis of subcutaneous Huh7 xenograft in nude mice. Furthermore, bioinfor-

matics and luciferase reporter assay identified that RP5-833A20.1 functioned as a competing

endogenous RNA (ceRNA) for miR-18a-5p in HCC.

Conclusion: In this study, we found that RP5-833A20.1 was downregulated in HCC tissues.

In addition, RP5-833A20.1 could suppress the tumorigenesis in HCC through inhibiting Akt/

ERK pathway by acting as a ceRNA for miR-18a-5p. Therefore, RP5-833A20.1 might be a

valuable and potential biomarker and therapeutic target for the treatment of HCC.

Keywords: hepatocellular carcinoma, long noncoding RNA RP5-833A20.1, microRNA-

18a-5p, proliferation

Introduction
Hepatocellular carcinoma (HCC) is a malignant tumor, and one of the most

common causes of cancer-related death worldwide.1,2 HCC is characterized by a

high degree of aggressiveness and rapid growth.3 HBVor HCV infection, alcoholic

or non-alcoholic steatohepatitis are the leading causes of HCC.4 At present, surgical

resection and liver transplantation are the main radical therapies for HCC. However,

most of the patients with HCC have had cirrhosis and distant metastasis when they
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were diagnosed.5 In addition, the five-year recurrence is up

to 70% after surgical resection.6 Although several novel

therapies were used to treat HCC in recent years, the

prognosis of HCC has obviously not improved.7,8

Therefore, it is urgently to search novel therapeutic target

for HCC.

Long noncoding RNAs (lncRNAs) are acknowledged

as non-protein coding RNAs with more than 200 nucleo-

tides in length.9 It has been shown that LncRNAs exert

gene transcription regulatory function by epigenetic reg-

ulatory mechanism.10 In addition, lncRNAs play an

important role in regulating proliferation, invasion and

metastasis, angiogenesis, and viability in different

tumors.11,12 Moreover, evidence showed that lncRNAs

expression profiling could facilitate the development

and progression of cancers, such as colorectal cancer,

hepatocellular carcinoma, bladder cancer, suggesting

that lncRNAs may act as effective therapeutic targets

for the treatment of human cancers.13–15

Nuclear factor IA (NFIA) is a member of the NFI

family, which is essential in astrocyte differentiation and

gliogenesis in the central nervous system.16,17 LncRNA

RP5-833A20.1 is located in intron 2 of the NFIA gene.17

Previous studies indicated that RP5-833A20.1 participated

in the regulation of glioma and atherosclerosis.17,18

However, the role of lncRNA RP5-833A20.1 in HCC

remains unclear. The present study aimed to examine the

role of RP5-833A20.1 in the progression of HCC.

Materials And Methods
Patients
A total of 30 pairs of HCC tissues and corresponding

adjacent non-cancerous tissues were obtained from

patients with HCC. None of the patients received radio-

therapy, biotherapy or systemic chemotherapy. The pri-

mary clinical and pathological features (including age,

gender, tumor volume, distant metastasis, TNM stage)

were obtained from the medical records. Written informed

consent was obtained from all the patients. The study was

approved by the Ethical Research Committee of Affiliated

Hospital of Guizhou Medical University.

Cell Culture
The human immortalized liver cell line MIHA, and human

liver tumor cell lines (SMMC-7221, Hun7 and Bel-7402)

were purchased from the American Type Culture

Collection (ATCC, Rockville, MD, USA). Cells were

cultured in Dulbecco modified Eagle’s medium (DMEM,

Gibco, Carlsbad, CA, USA) supplemented with 10% fetal

bovine serum (FBS, Gibco), 2 mM L-glutamine,

100 U/mL penicillin and 100 mg/mL streptomycin at

37°C in an incubator with 5% CO2.

Quantitative Real-time PCR (qRT-PCR)
Total RNA was extracted from the HCC tissues and HCC

cell lines by TRIzol reagent (Takara Bio, Otsu, Japan)

following the manufacturer’s instructions. First-strand

complementary DNA (cDNA) was synthesized using

1 μg of total RNA and the PrimeScript RT reagent Kit

(Promega, Madison, WI, USA). qRT-PCR was applied to

measure the relative RNA level using the TaqMan Power

SYBR Green PCR Mix kit (Thermo Fisher Scientific,

Waltham, MA, USA). qPCR was performed using

Applied Biosystems 7500 Real Time PCR System

(Applied Biosystems, Foster City, CA, USA), under the

following conditions: 10 min 95°C, followed by 40 cycles

of 10 s 95°C, 30 s 60°C, and 30 72°C. The level of

RP5-833A20.1 was normalized to the level of h-actin

using the 2−ΔΔCT method. H-actin, forward, 5ʹ-GTCC

ACCGCAAATGCTTCTA-3ʹ; reverse, 5ʹ-TGCTGTCAC

CTTCACCGTTC-3ʹ. RP5-833A20.1, forward, 5ʹ- TCTC

CAACAGGGTGAGGAAAC-3ʹ; reverse, 5ʹ- TCTGAGA

TGCTGGGTGCAAG-3ʹ.

Lentiviral Construction And Cell

Infection
The RP5-833A20.1-shRNA1 and RP5-833A20.1-

shRNA2 plasmids were obtained from Thermo Fisher

Scientific. The sequences of targeting shRNA:

RP5-833A20.1-shRNA1, 5ʹ-GCTCCACAGCATCTTTCT
TAT-3ʹ; RP5-833A20.1-shRNA1, 5ʹ-GCACTGGGTTAG

TTTCATAGA-3ʹ. The RP5-833A20.1 sequence was

synthesized by GenePharma (Shanghai, China), and

then sub-cloned into the pWPXL (lentiviral expression

vector). The RP5-833A20.1-shRNA1, RP5-833A20.1-

shRNA2, and pWPXL-RP5-833A20.1 plasmid were

infected into 293T cells, respectively. After infection for

72hrs, the supernatant was collected, which was contain-

ing the retroviral particles.

Huh7 cells (4 × 105 cells/well) were seeded into cell

plates (60 mm) overnight at 37°C. Cells were then infected

with lenti-vector (NC), or lenti-RP5-833A20.1 (RP5-

833A20.1-OE) supernatant, respectively, for 24hrs. Later

on, virus-containing medium was replaced with fresh
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medium. Cell was then treated with puromycin (2.5 μg/mL,

Thermo Fisher Scientific) to select stable Huh7 cells for

another 48hrs.

Bel-7402 cells (4 × 105 cells/well) were seeded into

cell plates (60 mm) overnight at 37°C. Cells were then

infected with NC, RP5-833A20.1-shRNA1 or RP5-

833A20.1-shRNA2 supernatant, respectively, for 24hrs.

Later on, virus-containing medium was replaced with

fresh medium. Cells were then treated with puromycin

(2.5 μg/mL, Thermo Fisher Scientific) to select stable

Bel-7402 cells for another 48hrs. QRT-PCR was used to

determine the level of RP5-833A20.1 in HCC cells.

CCK-8 Assay
Cell viability was measured using cell counting kit-8

(CCK-8; KeyGen BioTECH) in accordance with the man-

ufacturer’s instruction. Huh7 cells or Bel-7402 cells (5 ×

103 cells per well) were seeded onto 96-well plates,

respectively, and incubated at 37°C overnight. Then, cells

were infected with RP5-833A20.1-OE or RP5-833A20.1-

siRNA2 for 24, 48 and 72hrs, respectively. After that,

10 μL CCK-8 reagent was added into each well and

incubated for another 2hrs. The optical density (OD) of

each well was detected at 450 nm by using a microplate

reader (Bio-Tek Instruments Inc., Winooski, VT, USA).

Immunofluorescence Staining Assay
Huh7 cells or Bel-7402 cells (5 × 103 cells per well) were

plated onto 96-well plates at 37°C overnight. Then, cells

were infected with RP5-833A20.1-OE or RP5-833A20.1-

siRNA2 for 48hrs, respectively. After that, the cells were

fixed with 4% paraformaldehyde for 20 mins. After that,

the cells were incubated with primary antibodies anti-Ki67

(1:100, Abcam) at 4°C overnight, followed by incubation

with secondary antibodies (1:1000, Abcam) at 37°C for

1hr. Nuclei were counterstained with DAPI for 30 mins.

Finally, the cells were observed using a laser confocal

microscope (Olympus CX23 Tokyo, Japan).

Cell Apoptosis Assay
The apoptosis of HCC cells was assessed using an Annexin

V-FITC/PI Apoptosis kit (BioVision, Inc. Milpitas, CA,

USA) according to the protocol. Briefly, HCC cells were

collected, washed twice with PBS, and then stained with

5 μL Annexin V/propidium iodide (PI) solution for 30 mins

in the dark at room temperature. Then, the number of

apoptotic cells was analyzed by flow cytometer (BD

Biosciences, Mountain View, CA, USA).

Cell Invasion Assay
The invasion of HCC cells was detected using 24-well

transwell chambers (Corning New York, NY, USA) coated

with Matrigel (BD Biosciences, NJ, USA). Huh7 cells

(3×104 cells) were re-suspended in DMEM medium (200

μL) without 10% FBS and added into the upper compart-

ment of the chamber. DMEM medium containing 10% FBS

was applied to the lower compartment of the chamber to

induce cell invasion. Twenty-four hours later, cells attached

to the lower surface of the chamber were stained with 0.2%

crystal violet. Then, cell images were photographed using a

laser confocal microscope (Olympus). Five randomly

selected fields of each membrane were counted.

Western Blot
BCA Protein Assay kit (GeneRay, Shanghai, China) was

applied to determine the total protein concentration. The pro-

teins in equal concentration were separated using 10% sodium

dodecyl sulfate polyacrylamide gel electrophoresis (SDS-

PAGE), and then transferred onto polyvinylidene difluoride

(PVDF) membranes. After that, PVDF membranes were

blocked with 5% nonfat milk for 1hr and then incubated with

the primary antibodies overnight at 4°C. Anti-Bax (1:1000),

anti-active caspase 3 (1:1000), anti-p-Akt (1:1000),

anti-p-ERK (1:1000), anti-Bcl-2 (1:1000), anti-β-actin
(1:1000). Antibodies were purchased from Abcam

Cambridge (MA, USA). Later on, the membranes were

washed three times with TBSTand incubated with horseradish

peroxidase-conjugated secondary antibody (1:5000, Abcam)

at room temperature for 1hr. Finally, the membranes were

detected using an Enhanced Chemiluminescence Detection

System (Thermo Scientific, Carlsbad, CA, USA). β-Actin
was used as an internal control.

Luciferase Reporter Assay
The putative miR-18a-5p target binding sequence in RP5-

833A20.1 (GCACCUU) and its mutant of the binding sites

(AGUUAGG) were separately synthesized and sub-cloned

into the luciferase gene to establish two reporter plasmids:

the wild-type (WT) and mutated-type (MT) reporter plas-

mids, respectively. WT-RP5-833A20.1 or MT-RP5-

833A20.1 plasmid was co-infected with miR-18a-5p

mimics and control, respectively, using Lipofectamine

2000 (Invitrogen, Carlsbad, CA, USA). Forty-eight hours

later, the luciferase activities were detected using a Dual-

Luciferase Reporter Assay System (Promega Madison,

WI) according to the manufacturer’s instructions. The
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relative luciferase activity was normalized to renilla luci-

ferase activity.

Animal Study
Male BALB/c nude mice (n = 9, 6–8 weeks old) were

purchased from the Shanghai SLAC Animal Center

(Shanghai, China). All animal experiments were

approved by the Institutional Animal Care and Use

Committee at Affiliated Hospital of Guizhou Medical

University. Animals were randomized into three groups:

blank, NC and RP5-833A20.1 group. RP5-833A20.1-OE

Huh7 cells (5 × 106 cell per animal) were resuspended

in 50 μL PBS and injected into the left flank of nude

mice. Tumor volume was obtained by calipers every

week and calculated by the following formula V =

(length × width2)/2. After 5 weeks, 9 mice were sacri-

ficed under anesthesia by following the recommended

procedures of National Institutes of Health guide for the

care and use of laboratory animals. Specimens of tumor

tissues were fixed in 10% formaldehyde, and then sub-

jected to TUNEL assay by using an apoptosis detection

kit (Thermo Fisher Scientific, Waltham, MA, USA).

Immunohistochemistry Assay
Specimens of tumor tissues were incubated with Ki67

antibody (1:100, Abcam) overnight at 4°C. After that,

the specimens were washed by PBS and incubated with

secondary antibody HRP-conjugated goat anti-Rabbit IgG

(Abcam) at room temperature for 30 mins. Then, diami-

nobenzidine (DAB, Sigma Aldrich (St. Louis, MO, USA)

solution was used to re-dye according to the manufac-

turer’s specifications. Finally, Ki67 staining was observed

using a laser confocal microscope (Olympus).

Statistical Analysis
All data were presented as mean ± standard deviation (SD)

and analyzed with GraphPad Prism 7 (GraphPad Software,

CA, USA). Comparisons were performed with one-way

ANOVA followed by tukey’ test. Statistical significance

was defined as P < 0.05.

Results
LncRNA RP5-833A20.1 Was

Downregulated In HCC Tissues
To explore the role of RP5-833A20.1 in HCC tumorigen-

esis, the level of RP5-833A20.1 in 30 samples of HCC

tissues and adjacent tissues was assessed using qRT-PCR.

As indicated in Figure 1A, low expression of RP5-

833A20.1 was observed in HCC tissues compared to the

adjacent tissues. In addition, to investigate the diagnostic

performance of RP5-833A20.1 in HCC, ROC curves were

used. The results showed that the AUC value was 0.8583,

indicating that RP5-833A20.1 could discriminate patients

with HCC and patients without HCC (Figure 1B).

Moreover, RP5-833A20.1 expression correlated with sev-

eral clinicopathological parameters, including tumor

volume and lymph node metastasis (Table 1). These

Figure 1 LncRNA RP5-833A20.1 was downregulated in HCC tissues. (A) The

levels of RP5-833A20.1 in HCC tissues from 30 pairs of patients of HCC were

measured using qRT-PCR. (B) ROC curve analysis of RP5-833A20.1.

Table 1 LncRNARP5-833A20.1AndClinic-Pathological Parameters

Of Patients With HCC

Parameters Number RP5-833A20.1 p value

Age 0.360

≤ 50 12 0.753 ± 0.239

> 50 18 0.629 ± 0.398

Gender

Male 18 0.654 ± 0.255 0.676

Female 12 0.710 ± 0.455

Tumor volume

≤ 5 cm 17 0.760 ± 0.362 0.021*

> 5 cm 13 0.541 ± 0.136

Lymph node

metastasis

0.001**

N0 9 1.001 ± 0.411

N1-N3 21 0.540 ± 0.211

Distant metastasis 0.191

M0 11 0.945 ± 0.322

M1 19 0.587 ± 0.215

TNM stage 0.066

I–II 8 0.876 ± 0.508

III–IV 22 0.606 ± 0.249

Notes: Student’s t test, *P<0.05, **P<0.01.
Abbreviation: TNM, tumor-node-metastasis.
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results suggested that RP5-833A20.1 was downregulated

in HCC tissues, which was associated with poor prognosis

of patient with HCC.

Overexpression Of RP5-833A20.1

Inhibited Proliferation And Invasion Of

HCC Cells
Next, qRT-PCR was used to detect the expression of

RP5-833A20.1 in three human liver tumor cell lines,

SMMC-7221, Hun7 and Bel-7402, and in human

immortalized liver cell line MIHA, used as non-tumori-

genic control. As indicated in Figure 2A, the level of

RP5-833A20.1 was decreased the most in Huh7 cells,

compared with that in MIHA cells. In addition, the

expression of RP5-833A20.1 was slightly decreased in

Bel-7402 cells, compared with that in MIHA cells

(Figure 2A). To determine the function of RP5-833

A20.1 in HCC, RP5-833A20.1 was overexpressed in

Huh7 cells. As indicated in Figure 2B, the level of

RP5-833A20.1 was significantly upregulated in Huh7

cells following infection with lenti-RP5-833A20.1.

In addition, the results of CCK-8 assay and immuno-

fluorescence assay showed that overexpression of

RP5-833A20.1 markedly inhibited the proliferation of

Huh7 cells (Figure 2C and D). Moreover, the apoptosis

rates were obviously upregulated in Huh7 cells follow-

ing infection with lenti-RP5-833A20.1, compared with

the NC group (Figure 2E). Meanwhile, overexpression

of RP5-833A20.1 significantly suppressed the invasion

ability of Huh7 cells (Figure 2F). These results indicated

Figure 2 Overexpression of RP5-833A20.1 inhibited proliferation and invasion of HCC cells. (A) Relative expressions of RP5-833A20.1 in 4 cell lines including MIHA,

SMMC-7721, Huh7 and Bel-7402 cells were detected by qRT-PCR. (B) Huh7 cells were infected with NC or lenti-RP5-833A20.1 for 48hrs. The level of RP5-833A20.1 in

Huh7 cells was detected using qRT-PCR. (C) Huh7 cells were infected with NC or lenti-RP5-833A20.1 for 0, 24, 48 and 72hrs. CCK-8 assay was used to detect cell viability.

(D) Huh7 cells were infected with NC or lenti-RP5-833A20.1 for 72hrs. Relative fluorescence expression levels were quantified by Ki67 and DAPI staining. (E) Apoptotic
cells were detected with Annexin V and PI double staining. (F) Huh7 cells were infected with NC or lenti-RP5-833A20.1 for 24hrs. Transwell invasion assay was used to

detect cell invasion ability. *P<0.05, **P<0.01 vs NC group.
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that overexpression of RP5-833A20.1 could inhibit pro-

liferation and invasion in Huh7 cells.

Downregulation Of RP5-833A20.1

Promoted Proliferation And Invasion Of

HCC Cells
To further detect the function of RP5-833A20.1 in

HCC, we used two different shRNAs (RP5-833A20.1-

shRNA1 and RP5-833A20.1-shRNA2) to knock down

its level in Bel-7402 cells. As shown in Figure 3A, the

level of RP5-833A20.1 was significantly downregu-

lated after infection with RP5-833A20.1-shRNA2,

compared with NC group. In addition, downregulation

of RP5-833A20.1 markedly promoted the proliferation

of Bel-7402 cells (Figure 3B). Meanwhile, immuno-

fluorescence assay showed that a significant increase

of Ki67-positive cells was observed in RP5-833A20.1-

shRNA2 group, compared with NC group (Figure 3C).

Moreover, RP5-833A20.1-shRNA2 had very limited

effect on the apoptosis of Bel-7402 cells, compared

with the NC group (Figure 3D). Meanwhile, downre-

gulation of RP5-833A20.1 significantly increased the

invasion ability of Bel-7402 cells (Figure 3E). These

data suggested that downregulation of RP5-833A20.1

could promote proliferation and invasion of Bel-7402

cells.

MiR-18a-5p Was A Direct Binding Target

Of RP5-833A20.1
Previous study illustrated that lncRNAs function as

competing endogenous RNAs by binding to miRNAs,

which could liberate the target mRNA transcripts.19

Online bioinformatics tool miRDB was used to predict

the potential miRNA binding regulated by

RP5-833A20.1. The data indicated that miR-18a-5p

might be a potential miRNA target of RP5-833A20.1

(Figure 4A). In addition, we conducted dual-luciferase

reporter assay to identify whether RP5-833A20.1 was a

functional target for miR-18a-5p. As illustrated in

Figure 4B and C, miR-18a-5p inhibited the luciferase

activity of RP5-833A20.1-WT, but it has not affected

the luciferase activity of RP5-833A20.1-MT in Huh7

and Bel-7402 cells. Meanwhile, the results of pull-

down assay indicated that RP5-833A20.1 was pulled

down by miR-18a-5p significantly (Figure 4D). These

data implied that miR-18a-5p could directly bind to the

3ʹUTR of RP5-833A20.1.

Overexpression Of RP5-833A20.1

Induced Apoptosis Of HCC Cells Via

Inhibiting Akt/ERK Pathway
Next, we investigated the mechanisms underlying the role

of RP5-833A20.1 in the progression of HCC. Akt and

Figure 3 Downregulation of RP5-833A20.1 promoted proliferation of HCC cells. (A) Bel-7402 cells were infected with NC, RP5-833A20.1-shRNA1 or RP5-833A20.1-

shRNA2 for 48hrs. The level of RP5-833A20.1 in Bel-7402 cells was detected using qRT-PCR. (B) Bel-7402 cells were infected with NC or RP5-833A20.1-shRNA2 for 0, 24,

48 and 72hrs. CCK-8 assay was used to detect cell viability. (C) Bel-7402 cells were infected with NC or RP5-833A20.1-shRNA2 for 72hrs. Relative fluorescence expression

levels were quantified by Ki67 and DAPI staining. (D) Apoptotic cells were detected with Annexin V and PI double staining. (E) Bel-7402 cells were infected with NC or

RP5-833A20.1-shRNA2 for 24hrs. Transwell invasion assay was used to detect cell invasion ability. *P<0.05, **P<0.01 vs NC group.
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ERK signaling pathways have been known as the regula-

tors of cell growth in HCC.20 As indicated in Figure 5A–F,

overexpression of RP5-833A20.1 significantly upregulated

the expressions of Bax, active caspase 3, and markedly

downregulated the expressions of Bcl-2, p-Akt and p-ERK

in Huh-7 cells. These data illustrated that overexpression

of RP5-833A20.1 could induce the apoptosis of HCC cells

via inhibiting Akt/ERK pathway.

Overexpression Of RP5-833A20.1

Inhibited The Tumorigenesis Of Huh7

Subcutaneous Xenograft In Vivo
To investigate the role of RP5-833A20.1 on HCC tumor-

igenesis in vivo, Huh7 cells infected with lenti-RP5-

833A20.1 were subcutaneously implanted into nude

mice. As shown in Figure 6A and B, upregulation of

RP5-833A20.1 markedly inhibited the tumor growth in

xenografts. In addition, the tumor weight in

RP5-833A20.1-OE group was lower compared to the NC

group (Figure 6C). Moreover, TUNEL assay results

indicated that upregulation of RP5-833A20.1 obviously

induced apoptosis in RP5-833A20.1-OE group, compared

with the NC group (Figure 6D). Furthermore, Ki67

Immunohistochemistry assay indicated that overexpression

of RP5-833A20.1 markedly inhibited the cell proliferation

in tumor tissues, compared with the NC group (Figure 6E).

Meanwhile, overexpression of RP5-833A20.1 markedly

downregulated the expressions of p-Akt and p-ERK in

tumor tissues (Figure 6F–H). These results suggested that

overexpression of RP5-833A20.1 could inhibit the tumor-

igenesis of Huh7 xenograft in vivo by inhibiting Akt/ERK

pathway.

Discussion
In recent years, LncRNAs could be used as prognostic and

individual diagnostic biomarkers in HCC.21 In the present

study, for the first time, we found that RP5-833A20.1 was

markedly downregulated in HCC tissues and HCC cell

lines. In addition, overexpression of RP5-833A20.1 could

induce apoptosis of HCC cells in vitro and in vivo. These

Figure 4 MiR-18a-5p was a direct binding target of RP5-833A20.1. (A) Gene structure of RP5-833A20.1 at the position of 731–737 indicates the predicted target site of

miR-18a-5p in its 3ʹUTR. (B) The luciferase activity was detected following co-transfecting with WT/MT RP5-833A20.1 plasmid and miR-18a-5p in Huh-7 cells using the

dual-luciferase reporter assay. (C) The luciferase activity was detected following co-transfecting with WT/MT RP5-833A20.1 plasmid and miR-18a-5p in Bel-7402 cells using

the dual-luciferase reporter assay. (D) RP5-833A20.1 pulled down by biotinylated miR-18a-5p in HCC cells was detected by qRT-PCR. **P<0.01 vs mimics NC group.
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findings indicated that RP5-833A20.1 was a tumor sup-

pressor gene in HCC.

First, we found that overexpression of RP5-833A20.1

inhibited the proliferation and invasion in HCC cells

through inducing apoptosis. These findings are in line

with previous study, suggesting that the expression of

RP5-833A20.1 was downregulated in glioma tissues,

and upregulation of RP5-833A20.1 could inhibit prolif-

eration and metastasis in glioma U251 cells.17 On the

contrary, the expression of RP5-833A20.1 was markedly

increased in human acute monocytic leukemia macro-

phage-derived foam cells.18 It is possible that the differ-

ence might exist in the area of RP5-833A20.1 expressing

profiles in different diseases. In addition, overexpression

of RP5-833A20.1 could induce apoptosis of HCC cells in

vitro and in vivo via inhibiting the Akt/ERK pathway.

Wang et al found that LINC00707 promoted HCC pro-

gression via upregulation of the ERK/Akt pathway,

which was consistent with our results.22 Taking the

above data together, RP5-833A20.1 inhibited prolifera-

tion and induced apoptosis in HCC cells via downregula-

tion of the Akt/ERK pathway.

Emerging evidence has indicated that lncRNAs func-

tion as competing endogenous RNAs for miRNAs to reg-

ulate the progression of tumor.19 In this study, the data

stored in miRDB indicated that miR-18a-5p might be a

potential miRNA binding target of RP5-833A20.1. On the

other hand, luciferase reporter assay defined that miR-18a-

5p was a binding target of RP5-833A20.1 in HCC cells.

Previous studies found that miR-18a-5p was upregulated

in osteosarcoma tissues, and potential acting as an onco-

gene in several human cancers.23,24 Fei et al found that

lncRNA FER1L4 suppressed tumorigenesis in osteosar-

coma by targeting miR-18a-5p.25 These results suggested

that RP5-833A20.1 and miR-18-5p might be potential

predictors for the treatment of patients with HCC.

Figure 5 Overexpression of RP5-833A20.1 induced apoptosis of HCC cells via inhibiting Akt/ERK pathway. (A) Huh7 cells were infected with NC or lenti-RP5-833A20.1

for 72hrs. Expression levels of Bax, active caspase 3, p-Akt, p-ERK and Bcl-2 in Huh-7 cells were detected with Western blotting. β-actin was used as an internal control.

(B–F) The relative expressions of Bax, active caspase 3, p-Akt, p-ERK and Bcl-2 in Huh-7 cells were quantified via normalization to β-actin. **P<0.01 vs NC group.
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However, in the future, the mechanism of RP5-833A20.1

and miR-18a-5p interaction in HCC needs to be further

explored. Meanwhile, the mechanism by which

RP5-833A20.1 downregulates the Akt/ERK signaling

pathway in HCC remains largely unknown, and the under-

standing of RP5-833A20.1 remains to be extended in the

future.

Conclusion
This study revealed that RP5-833A20.1 was downregu-

lated in HCC tissues and cell lines. In addition, RP5-

833A20.1 suppressed proliferation and invasion of HCC

cells via sponging miR-18a-5p. Therefore, RP5-833A20.1

might be a valuable and potential biomarker and therapeu-

tic target for the treatment of HCC.
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