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Abstract: Increasing evidences demonstrate that long noncoding RNAs (IncRNAs) play an important role in the tu-
morigenesis of hepatocellular carcinoma (HCC). LncRNA RMRP (RNA component of mitochondrial RNA processing
endoribonuclease) has been proved to involve in the tumorigenesis of several human cancers. However, the role
and molecular mechanism of RMRP in HCC remain largely unknown. In current study, we compared the expression
profiles of RMRP in 52 paired HCC specimens and corresponding adjacent non-tumor tissues. The clinicopathologi-
cal characteristics of HCC patients in relation to RMRP expression were analyzed, and the prognostic value of RMRP
expression was examined. RNAi technology was performed to knockdown RMRP expression in HCC cells, and the ef-
fects of RMRP on cell proliferation, cell cycle, migration and invasion of HCC cells were assessed by using MTT, flow
cytometry, wound scratch and transwell invasion assays. The potential binding site of RMRP to miR-613 was con-
firmed by using dual luciferase reporter gene and qRT-PCR assays. Here, we found that RMRP expression was sig-
nificantly upregulated in the HCC tissues and cells, and high RMRP expression was positively correlated with tumor
aggressive phenotypes and poor overall survival of patients with HCC. Furthermore, RMRP knockdown suppressed
cell proliferation, migration, invasion and induced cell cycle arrest at GO/G1 phase. The expression of miR-613 was
dramatically down-regulated in HCC tissues and cells, and RMRP could negatively regulate miR-613 expression by
acting as a ceRNA. In mechanism, RMRP exerted an oncogenic role in HCC via downregulation of miR-613. In vivo
experiment also revealed that RMRP knockdown inhibited HCC tumorigenesis, while miR-613 silencing could partly
reversed the inhibitory effect of RMRP knockdown on HCC tumorigenesis. In conclusion, our data demonstrated that
RMRP plays an oncogenic role in regulating HCC tumorigenesis by acting as a ceRNA of miR-613, indicating RMRP/
miR-613 axis may serve as a novel molecular target for the treatment of HCC.

Keywords: HCC, RMRP, ceRNA, miR-613, tumorigenesis

Introduction

Hepatocellular carcinoma (HCC) is the fifth mo-
st common and aggressive malignancy, and is
the third leading cause of cancer-related death
worldwide [1, 2]. Emerging evidences have
reported that the morbidity of HCC is mainly
caused by infection of hepatitis B/C virus, alco-
hol addiction, liver cirrhosis and environmental
pollution [3, 4]. Despite curative improvements
have made in HCC diagnostic and therapeutic
approaches recent years, the 5-year survival
rate of HCC patients still remains poor due to
tumour invasion, metastasis and high frequen-

cy of recurrence [5]. Although great advances in
uncovering many aberrantly expressed genes
and altered pathway signals involved in the car-
cinogenesis of HCC over the past decades, the
precise molecular mechanisms for HCC tumori-
genesis are not entirely clear [6]. Therefore, it is
crucial and urgent to unravel novel regulating
mechanisms for hepatocarcinogenesis, and to
provide new strategies for the diagnosis and
treatment of HCC.

Long non-coding RNAs (IncRNAs) are a class of
non-protein coding RNA transcripts with longer
than 200 bp nucleotides that modulate gene
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expression at post-transcriptional and/or tran-
scriptional levels, including chromatin remodel-
ing, epigenetic modification, histone modifica-
tion and sponge effects [7, 8]. LncRNAs occupy
a large proportion of transcriptomes in eukary-
otes, and they have been shown to emerge as
essential regulators in a diverse range of cellu-
lar processes, such as development, differen-
tiation, metastasis and apoptosis as well as tu-
morigenesis [9]. Mounting evidences have indi-
cated that dysregulation of IncRNAs can serve
as oncogenes or tumour suppressor genes in-
volving in tumour initiation, proliferation and
metastasis [10]. For instance, IncRNA XIST (X
inactive specific transcript) regulates PTEN
(Phosphatase and tensin homolog) expression
by sponging miR-181a and promotes the pro-
gression of HCC [11]. LncRNA HOTAIR (HOX
transcript antisense RNA) promotes tumour
migration and invasion by regulating MKL1 via
inhibition miR-206 expression in cervical can-
cer [12]. LncRNA MALAT1 (Metastasis associ-
ated lung adenocarcinoma transcript 1) pro-
motes tumour growth and metastasis by target-
ing miR-124/foxql axis in bladder transitional
cell carcinoma [13]. Although large numbers of
IncRNAs have been annotated, the roles and
molecular regulatory mechanisms of IncRNAs
in HCC tumorigenesis still require further in-
vestigation.

The RNA component of mitochondrial RNA pro-
cessing endoribonuclease (RMRP), a new Inc-
RNA, was first identified in cartilage-hair hypo-
plasia (CHH) [14]. RMRP is primarily located in
the nucleus, nucleolus and mitochondria, and
is highly expressed in a wide range of human
tissues and is essential for early embryonic
development in murine [15]. RMRP can help
endonuclease to cleave mitochondrial RNA at a
priming site of mitochondrial DNA replication,
and can interact with the TERT (telomerase-
associated reverse transcriptase) catalytic sub-
unit to form a complex and produce dsRNAs
(double-stranded RNAs) involving in small inter-
fering RNA [16]. In recent years, RMRP has
been proved to exhibit dysregulated expression
in lung adenocarcinoma and gastric cancer,
and ectopic expression of RMRP promotes
tumorigenesis by acting as a miR-206 sponge
[17, 18]. However, the biological role and molec-
ular mechanism of RMRP in HCC remain largely
unknown.

In the current study, we found RMRP was highly
expressed in HCC tissues and cells, and miR-
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613 was down-regulated in HCC tissues and
cells. Upregulated RMRP and downregulated
miR-613 expression were correlated with tumor
aggressive phenotypes and poor overall sur-
vival of patients with HCC. RMRP knockdown
inhibited cell proliferation, invasion, and migra-
tion of HCC cells in vitro, and suppressed HCC
tumorigenesis in vivo. In mechanism, RMRP ac-
ted as a miRNA sponge of miR-613, and exert-
ed an oncogenic role in HCC tumorigenesis via
downregulation of miR-613. In summary, this
study showed a new axis of RMRP/miR-613
that promotes HCC tumorigenesis by impacting
oncogenic phenotypes and may serve as a
novel molecular target for HCC treatment.

Materials and methods
Patient samples

52 pairs of HCC tissues and matched adjacent
tissues (more than 5 cm laterally from the edge
of the cancerous region) were collected from
patients with clinically and pathologically con-
firmed HCC between June 2006 and December
2012 from Department of Hepatobiliary Sur-
gery, Hunan Provincial People’s Hospital (Ch-
angsha, China). None of patients received ch-
emotherapy, radiotherapy and percutaneous
ablation before operation. Medical records of
clinicopathological characteristics in HCC pa-
tients, and all patients after surgery were fol-
lowed up for 60 months. The clinicopathologi-
cal characteristics in patients with HCC were
shown in Table 1. The study was obtained with
written informed consent of all patient, and
was approved by Ethics Committee of The First
Affiliated Hospital of Hunan Normal University.
All tissues were immediately immersed in
RNAlater (Qiagen, Hilden, Germany) for 30 min
and then stored at -80°C until RNA extraction.

Cell culture and transfection

Two HCC cell lines (Hep3B and HCCLM3) and
one normal liver cell line (HL-7702) were ob-
tained from the Shanghai Institute of Bio-
chemistry and Cell Biology, Chinese Academy
of Sciences (Shanghai, China). All cells were
cultured in Dulbecco’s modified Eagle medium
(DMEM; Thermo Fisher Scientific, Rockford, IL,
USA) supplemented with 10% fetal bovine
serum (FBS; Thermo Fisher Scientific, Rockford,
IL, USA), 100 U/ml penicillin and 100 ug/ml
streptomycin in a humidified chamber with 95%
air and 5% CO, at 37°C.
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Table 1. Association of RMRP expression with clinicopathologj-

cal features of HCC patients

and miR-613 inhibitor or inhibi-
tor control by using Lipofectami-

ne 2000 reagent (Thermo Fisher

Number Low RMRP High RMRP
Features of cases expression expression P-value Scientific, Rockford, IL, USA) and
(n=52) (n=23) (n =29) Opti-MEM® | Reduced Serum
Gender Medium (Thermo Fisher Scientific,
Male 41 16 25 0.182 Rockford, IL, USA) in accordance
Female 1" 7 4 with the manufacturer’s instruc-
Age (y) tions, respectively. At 48 h post-
<60 o4 19 19 0438 transfection, Hep3B and HCCLM3
cells were harvested for further
>60 28 11 17 .
analysis.
Tumor size (cm)
<5 30 14 16 0.680 RNA extraction and quantitative
>5 22 9 13 real-time PCR (qRT-PCR) analysis
Liver cirrhosis
Without 7 9 5 0.444 Total RNA was extracted from the
With 45 ol o !or?cT)aRrIedI tlss;estagﬁ cells [I?y ;]Js—
in zol reagen ermo Fisher
AFE |2e(\)/els (ng/mi) s . . 0626 Scientific, Rockford, IL, USA). Na-
' noDrop 2000/2000c¢ (Thermo Fi-
=20 39 18 21 sher Scientific, Rockford, IL, USA)
TNM stage was utilized to quantify the den-
L+l 26 16 10 0.012 sity of each RNA. Reverse tran-
n+1v 26 7 19 scription (RT) was conducted by
Venous invasion using a PrimeScript RT reagent
Absent 34 20 14 0.007** Kit (TakaRa, Dalian, China) foll-
Present 18 3 15 owing to manufacturer’s informa-
Lymph node metastasis tion. qRT-PCR was conducted to
No 31 18 13 0.015* determine the RMRP and miR-
Yes el 5 16 613 expression by using a Go-

HCC: hepatocellular carcinoma, “P < 0.05 and P < 0.01.

The small interfering RNA (siRNA) specifically
targeting RMRP (siRNA-RMRP) and siRNA-con-
trol were synthesized from GenePharma Co.,
Ltd (Shanghai, China). The sequences were li-
sted as follows: siRNA-RMRP: 5-CCUAGGCU-
ACACACUGAGGACUTT-3’, siRNA-control: 5-UU-
CUCCGAACGUGUCACGUTT-3. miR-613 mimic,
the corresponding mimic control (mimic con-
trol), miR-613 inhibitor and the corresponding
inhibitor control (inhibitor control) were ob-
tained from RiboBio Co., Ltd (Guangzhou, Chi-
na). The sequences were shown as follows:
miR-613 mimic: 5-AGGAAUGUUCCUUCUUUG-
CC-3’; mimic control: 5’-UUCUCCGAACGUGUC-
ACGUTT-3’; miR-613 inhibitor: 5-GGCAAAGA-
AGGAACAUUCCT-3’ and inhibitor control: 5-AU-
CCGUAGGCGUUAGCCUAU-3'. For cell transfec-
tion, Hep3B and HCCLM3 cells were dissociat-
ed into single cells and plated in 6-well plates
at a density of 6 x 10° cells/well, and were tr-
ansfected with siRNA-RMRP or siRNA-control,
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Tag® gqPCR Master Mix (Prome-
ga, Madison, WI, USA) on the ABI
PRISM® 7900HT Sequence Det-
ection System (Applied Biosystems, Foster City,
CA, USA) according to the manufacturer’s in-
structions. The PCR primers for RMRP, glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH),
miR-613 and U6 were as follows: RMRP-F, 5'-
ACTCCAAAGTCCGCCAAGA-3’ and RMRP-R, 5™
TGCGTAACTAGAGGGAGCTGAC-3’; GAPDH-F, 5™-
GATTCCACCCATGHCCAAATTC-3’ and GAPDH-R,
5-CTGGAAGATGGTGATGGGATT-3’; miR-613-F,
5-GTGAGTGCGTTTCCAAGTGT-3’ and miR-613-
R, 5-TGAGTGGCAAAGAAGGAACAT-3’; U6-F, 5™-
CTCGCTTCGGCAGCACA-3’' and U6-R, 5-ACGC-
TTCACGAATTTGCGT-3". Their relative expres-
sion levels of RMRP and miR-613 were calcu-
lated by using the 222t method with GAPDH
and U6 as the control, respectively.

Cell proliferation assay

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide (MTT) assay was used to deter-
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mine the cell proliferation. 24 h after transfec-
tion, Hep3B and HCCLM3 cells were dissociat-
ed into single cells and plated in plated in
96-well plates at a density of 6000 cells/well
for 0, 24, 48 and 72 hours. At the indicated
time points, 15 yl MTT (5 mg/ml; Sigma, St.
Louis, MO, USA) was added to each well and
incubated for another 4 h in a humidified cham-
ber at 37°C. Then, the medium was discarded,
and 200 pl DMSO (Sigma, St. Louis, MO, USA)
was added into each well to dissolve formazan
crystals. The absorbance at the 540 nm was
determined by using a microplate reader (Mul-
tiskanEX, Lab systems, Helsinki, Finland).

Cell cycle analysis

Flow cytometry (FACS) was used for cell cycle
detection. The transfected Hep3B and HCCLM3
cells were seeded in 6 well plates with 6 x 10°
cell/well. Then, these cells were collected at 48
h and washed twice with 1 x PBS, and resus-
pended in 2 ml 75% ethanol at -20°C for 60
min. After that, cells were stained with 2 ul PI
(Propidium iodide) by using a BD Cycletest™
Plus DNA Reagent Kit (Franklin Lakes, NJ, USA)
at 37°C for 30 min. Finally, the stained cells
were analyzed by using a BD FACSCalibur™
Flow Cytometer (Franklin Lakes, NJ, USA) fol-
lowed as the manufacture’s protocols. The per-
centage of the cells in GO/G1, S, and G2/M
phase was analyzed.

Cell migration assay

Wound scratch assay was used to assess the
migratory ability of HCC cells. Approximately 6
x 10° cell/well transfected Hep3B and HCCLM3
cells were seed in 6 well plates. After 24 h of
cell culture, vertical and horizontal wounds
were made by using 10 ul sterile pipette tips,
and the cells were rinsed with PBS and cultured
in a humidified chamber at 37°C for another 24
h. Cell migration was observed by using an
inverted microscope (Leica Microsystems, To-
kyo, Japan) and images were captured with a
digital camera system at O and 24 h after the
wounds were made.

Cell invasion assay

To assess cell invasive ability, transfected HCC
cells were seeded on Matrigel-coated transwell
inserts with 500 pl of serum-free DMEM medi-
um. The lower chamber was filled with 500 pl of
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DMEM medium containing 10% FBS. After incu-
bation for 24 h in a humidified chamber at
37°C, the cells inside the upper chamber were
obliterated with cotton swabs, and the cells on
the lower membrane surface were fixed with
100% methanol for 30 min at 37°C and then
stained with 0.5% crystal violet solution for 20
min at 37°C. The invade cells were photo-
graphed and counted by using an inverted mi-
croscope (Leica Microsystems, Tokyo, Japan).

Dual luciferase reporter gene assay

To corroborate whether RMRP directly binds to
miR-613, Hep3B and HCCLMS3 cells were cho-
sen for dual luciferase reporter gene assay. The
wild-type (WT) RMRP transcript contained bind-
ing site of miR-613 was subcloned into pGL3
basic vector (Promega, Madison, WI, USA) to
produce WT pGL3-RMRP reporter plasmid.
Similarly, the mutant (MUT) RMRP transcript
contained no binding site of miR-613 was also
inserted into pGL3 vector to produce MUT
pGL3-RMRP reporter plasmid. pRL-TK vector
was transfected and used as an internal con-
trol plasmid. The Hep3B and HCCLM3 cells
were seeded in 6 well plates with 6 x 105 cell/
well. After 24 h of incubation, the cells were co-
transfected with the WT or MUT pGL3-RMRP
reporter plasmid, pRL-TK plasmid, and miR-613
mimic or mimic control. At 24 h post-transfec-
tion, the luciferase activities were detected by
using a Dual-Luciferase® Reporter Assay Sy-
stem (Promega, Madison, WI, USA) in accor-
dance with the manufacturer’s protocols.

Xenograft assays

Six-week-old male athymic Balb/c nude mice
(weighing 20-25 g) were obtained from Model
Animal Research Center of Nanjing University
(Nanjing, China). The mice were housed in spe-
cific pathogen-free (SPF) conditions and ran-
domly assigned to the siRNA-RMRP, siRNA-con-
trol, siRNA-RMRP + miR-613 inhibitor, and siR-
NA-RMRP + inhibitor control groups (ten mice in
each group). The animal study protocol was
approved by the Institutional Animal Care and
Use Committee of The First Affiliated Hospital
of Hunan Normal University.

For in vivo tumorigenicity, A total of 6 x 10°
transfected Hep3B cells were subcutaneously
injected into the left flanks of male nude mice.
Tumor volumes were detected every 5 days,
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Figure 1. LncRNA RMRP is frequently up-regulated in HCC tissues and cell lines. A. The expression levels of RMRP in
tumorous tissues and non-tumor tissues were determined by gRT-PCR analysis and normalized with the control U6.
RMRP was higher expressed in tumorous tissues than non-tumor tissues. B. Of the 52 HCC patients, RMRP was up-
regulated in 45 HCC tissues (45/52, 86.54%) compared with adjacent normal tissues. C. RMRP was dramatically
upregulated in Hep3B cell line compared with a normal liver cell line, HL-7702. D. RMRP expression was increased
in HCCLM3 cell line compared to HL-7702 cell line. LncRNA, long non-coding RNA; gRT-PCR, quantitative real-time
PCR; RMRP: RNA component of mitochondrial RNA processing endoribonuclease; HCC: hepatocellular carcinoma.
Mean of three independent experiments with SD (Standard Deviation) were shown. * and ** represents P value <
0.05 and < 0.01, respectively.

and was calculated based on the formula: 0.5 one-way analysis of variance, chi-squared test,
x length x width2. All mice were sacrificed after and two-tailed Student’s t-test were performed,
35 days, and the tumors were surgically re- as appropriate. P < 0.05 was regarded as sta-
moved, weighed and stored in liquid nitrogen tistically significant.

for further experiments.
Results
Statistical analysis
RMRP is frequently up-regulated in HCC tis-

Data were exhibited as mean + SD (Standard sues and cell lines

Deviation) of three independent experiments,

and statistical analyses were processed by To analyze the physiological expression of RM-
using SPSS 17.0 statistical software (SPSS Inc. RP, the levels of RMRP in 52 paired HCC tissues
Chicago, IL, USA). Survival curve was calculated and corresponding adjacent non-tumor tissues
by using Kaplan-Meier method and was as- were examined by using gqRT-PCR assay. As
sessed by using log-rank test. For comparisons, shown in Figure 1A, RMRP expression were sig-

2805 Am J Transl Res 2019;11(5):2801-2815



LncRNA RMRP/miR-613 axis enhances HCC tumorigenesis

A _
n=>52
0.3 - ( )
o
00,
5 o“g
[72]
g 0.2 1
a D P *
> °
[ar]
o 0.1
e
= 9,
E 00
0 T

non-tumor tissues  tumorous tissues

(
s
1

o
(N
1

C 12 =
l52]

© 1.0 -
=

£
"'6‘0.8"
c 2
o ®
2506+
05

o aKe]

S w

[}

o

kS

[}

14

HL-7702

Hep3B

@

miR-613 expression

Relative expression of miR-613 ©

0 5
0 — ]
0.5
-1.0
_15 -
r=-057
207 pP<0.01
-2.5 T T T T 1
0 1 2 3 4 5
RMRP expression
1.2 9

(Fold-change)
© o o
= D [e2]

1 1 1

o
[N
1

HL-7702

HCCLM3

Figure 2. miR-613 is significantly lowly expressed in HCC tissues and cell lines. A. gRT-PCR assay showed that miR-
613 expression was significantly down-regulated in HCC tissues compared with adjacent normal tissues. B. The
level of miR-613 was negatively related with RMRP expression in HCC samples. C. miR-613 expression was lower in
Hep3B cells compared with HL-7702 cells. D. miR-613 was lower expressed in HCCLM3 cells compared to HL-7702
cells. The experiments were performed in triplicate. miR: microRNA. “and ™ represents P value < 0.05 and < 0.01,

respectively.

nificantly higher in tumorous tissues than that
in the adjacent non-tumor tissues (P < 0.01). Of
the 52 HCC patients, RMRP was up-regulated
in 45 HCC tissues (45/52, 86.54%) compared
with adjacent normal tissues (Figure 1B).
Moreover, the expression of RMRP was up-reg-
ulated in Hep3B and HCCLM3 cells compared
with that in HL-7702 cells (Figure 1C and 1D, P
< 0.05).

miR-613 is significantly lowly expressed in HCC
tissues and cell lines

The expression of miR-613 in HCC specimens
was also determined. Downregulated miR-613
were found in HCC tissues when compared with
adjacent non-tumor tissues as detected by
gRT-PCR assay (Figure 2A, P < 0.05). Furth-
ermore, we indicated that the level of miR-613
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was reversely related with the RMRP expres-
sion in HCC specimens (Figure 2B, P < 0.01). In
addition, the expression of miR-613 at cellular
levels were detected in a normal liver cell line,
HL-7702, and two HCC cell lines, Hep3B and
HCCLM3. As the data showed in Figure 2C and
2D, decreased miR-613 expression were pre-
sented in the Hep3B and HCCLM3 cells as
comparing with HL-7702 cells (P < 0.05).

Upregulated RMRP and downregulated miR-
613 are correlated with the tumor aggressive
phenotypes and poor prognosis of HCC pa-
tients

Subsequently, the 52 HCC patients were subdi-
vided into low RMRP expression group (n = 23)
and high RMRP expression group (n = 29) ac-
cording to the median expression of RMRP. We

Am J Transl Res 2019;11(5):2801-2815
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Figure 3. Upregulated RMRP and downregulated miR-613 expression in HCC patients are significantly correlated
with poor prognosis. A. The correlation between RMRP expression and HCC prognosis. The overall survival (OS) rates
in HCC patients with high RMRP levels were significantly shorter than that in the patients with low RMRP expression
as determined by Kaplan-Meier survival curves. B. The correlation between miR-613 expression and HCC prognosis.
HCC patients with lower levels of miR-613 had a worse OS rates than those patients with high miR-613 levels.

further investigated the associations between
RMRP expression and clinicopathological char-
acteristics in patients with HCC. As shown in
Table 1, high RMRP expression was significant-
ly correlated with lymph node metastasis (P =
0.015), TNM stage (P =0.012) and venous inva-
sion (P = 0.007). However, up-regulation of RM-
RP was not correlated with other factors, includ-
ing gender, age, liver cirrhosis, tumor size and
AFP levels in patients with HCC. Furthermore,
Kaplan-Meier survival analysis indicated that
HCC patients with higher levels of RMRP had a
shorter overall survival rates compared with
those patients with lower RMRP expression
(Figure 3A, P < 0.05). Simultaneously, we found
that low miR-613 expression was significantly
correlated with TNM stage (P = 0.023) and
lymph node metastasis (P = 0.004, Table 2).
HCC patients with lower levels of miR-613 had
a worse overall survival rates compared with
those patients with higher miR-613 expression
(Figure 3B, P < 0.05). In a word, high RMRP and
low miR-613 expression are correlated with
tumor malignances and poor overall survival of
patients with HCC.

RMRP functions as an oncogene in the devel-
opment of HCC

To further investigate the role of RMRP in HCC,
we transfected siRNA-RMRP and siRNA-control
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into Hep3B and HCCLM3 cells to knockdown
RMRP expression. qRT-PCR results revealed
that the siRNA-RMRP for RMRP knockdown
were workable in Hep3B and HCCLM3 cells
(Figure 4A, P < 0.01). MTT assay showed that
knockdown of RMRP could markedly decrease
the cell viability in Hep3B (Figure 4B, P < 0.05)
and HCCLMS3 cells (Figure 4C, P < 0.05). Flow
cytometry showed that inhibition of RMRP
increased an accumulation of cells in the GO/
G1 phase, and this increase was accompanied
with a concomitant decrease of cell number in
S phase (Figure 4D and 4E, P < 0.05). To fur-
ther investigate whether RMRP affects cell
migration and invasion, wound scratch and
transwell invasion assays were performed in
our study. Results showed that RMRP inhibition
significantly decreased the abilities of cell
migration (Figure 4F, P < 0.05) and invasion
(Figure 4G, P < 0.01) in Hep3B and HCCLM3
cells. All of these results indicated that RMRP
acts as an oncogenic role in the development
of HCC that promoting cell proliferation, migra-
tion and invasion.

RMRP is directly targeting to miR-613

To assure whether RMRP regulates gene ex-
pression through competing endogenous RNA
(ceRNA) mechanism, we then predicted the

Am J Transl Res 2019;11(5):2801-2815
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Table 2. Associations between miR-613 expression and patients’

clinicopathological features in HCC

found that RMRP inhibition
significantly increased miR-

Number Low miR-613 High miR-613

613 expression (Figure 5D, P

Features of cases expression  expression  P-value < 0.01). These results con-
(n =52) (n=32) (n = 20) firmed that RMRP directly tar-
Gender gets miR-613.
Male 4L 24 7 0.497 RMRP sponges miR-613 to
Female 1 8 3 promote cell proliferation, mi-
Age () gration, and invasion in HCC
<60 24 15 9 0.895
> 60 28 17 11 Rescue experiments were co-
Tumor size (cm) nducted to investigate wheth-
<5 30 20 10 0.375 er RMRP exerted its roles in
>5 29 12 10 HCC cells via targeting miR-
) ) ) 613. We re-executed cellular
Liver cirrhosis . . .

_ biological functional assays to
Without ! 4 3 1.000 demonstrate the ceRNA me-
With 45 28 17 chanism of the RMRP/miR-

AFP levels (ng/ml) 613 axial working on cell pr-
<20 13 11 2 0.057 oliferation, migration and in-
>20 39 21 18 vasion in Hep3B and HCC-

TNM stage LM3 cells. As shown in Figure
[+l 26 12 14 0.023* 6A-G, transfection with miR-
0+ 1V 26 20 6 613 inhibito_r C(_)u_ld partly re-

Venous invasion versed the inhibitory effects

of RMRP knockdown on cell
Absent 34 19 15 0.249 . . . . .
proliferation, invasion and mi-
Present 18 13 5 gration (P < 0.05 or P < 0.01).

Lymph node metastasis Our data strongly suggested
No 31 14 17 0.004™ that RMRP acts as a sponge
Yes 21 18 3 for miR-613 by promoting cell

“P < 0.05and P < 0.01.

potential miRNA binding sites in RMRP by
using miRcode (http://www.mircode.org/) and
RegRNA 2.0 (http://regrna2.mbc.nctu.edu.tw/)
algorithms. We found that RMRP sequence
(ACATTCC) had a complementary binding site
for miR-613 (UGUAAGG) (Figure 5A). Subse-
quently, miR-613 was chosen for further stu-
dy because miR-613 ranked the top among
all potential targets and the roles of miR-613
were well studied in HCC. To validate this
prediction, we conducted WT and MUT pGL3-
RMRP reporter plasmids (Figure 5B). As sho-
wn in Figure 5C, miR-613 mimic inhibited the
luciferase activity in Hep3B and HCCLM3 ce-
lIs transfected with WT pGL3-RMRP reporter
plasmid (P < 0.01). When the binding site of
miR-613 in RMRP transcript was mutated, miR-
613 mimic had no effect on the luciferase
activity. To further confirm the interaction be-
tween miR-613 and RMRP, we transfected He-
p3B and HCCLM3 cells with siRNA-RMRP and
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proliferation, migration, and
invasion in HCC.

RMRP/miR-613 axis enhances the tumorigen-
esis of HCC in vivo

To determine the effects of RMRP/miR-613
axis in HCC tumorigenesis in vivo, transfected
Hep3B cells were subcutaneously injected into
the left flanks of male athymic Balb/c nude
mice, and HCC tumorigenesis was measured.
The results showed that tumor growth was
slower in the siRNA-RMRP group than in the
siRNA-control group (Figure 7A, P < 0.01), while
tumor growth in the siRNA-RMRP + miR-613
inhibitor was faster compared with the siRNA-
RMRP + inhibitor control group (Figure 7B, P <
0.01). At 35 days after injection, all mice were
killed, and the xenograft tumors were removed
and weighed. We found that knockdown RMRP
decreased tumor size and weight, while miR-
613 silencing could partly reversed the inhibi-
tory effects of RMRP knockdown on HCC tu-
morigenesis (Figure 7C and 7D, P < 0.01). Ad-
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ditionally, RMRP expression was downregulat- group, and the expression of miR-613 was
ed in tumor tissues from the siRNA-RMRP decreased in the siRNA-RMRP + miR-613 inhib-
group compared with that in the siRNA-control itor group compared with that in the siRNA-
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RMRP + inhibitor control group (Figure 7E, P <
0.01). Summarily, these data strong demon-
strated that RMRP/miR-613 axis promotes the
tumorigenesis of HCC.

Discussion

Owing to difficult early diagnosis and poor prog-
nosis, HCC has become the rapidest growing
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cause of cancer death globally. Mounting evi-
dences have highlighted the critical roles of
IncRNAs in the carcinogenesis of HCC, and indi-
cating IncRNAs may serve as an effective ther-
apeutic targets for HCC treatment [19]. For
example, Guo et al. found that IncRNA PVT1
(Pvtl oncogene) promotes cell propagation
and inhibited apoptotic cells in HCC by restrain-
ing P53 protein expression [20]. Mo et al. eluci-
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and HCCLM3 was suppressed by siRNA-RMRP, and the effect was attenuated by miR-613 inhibitor. G. siRNA-RMRP
negatively affected cell invasion (Magnification, x 200 times), and the suppressive effect sSiRNA-RMRP presented
was reversed by miR-613 inhibitor but not by inhibitor control in Hep3B and HCCLM3 cells, individually. Mean of
three independent experiments with SD were shown. “P < 0.05 and P < 0.01.
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Figure 7. RMRP/miR-613 axis promotes the tumorigenesis of HCC. A. The transfected Hep3B cells were subcutane-
ously injected into the left flanks of male athymic Balb/c nude mice and HCC tumorigenesis was measured. The
tumor size was monitored every five days. The growth curves generated for tumor volume in the nude mice demon-
strated that knockdown of RMRP significantly inhibited tumor growth in vivo. B. Co-transfected with siRNA-RMRP
and miR-613 inhibitor increased tumor growth compared to cells treated with siRNA-RMRP and inhibitor control.
C. Knockdown RMRP decreased tumor size, while miR-613 silencing could partly reversed the inhibitory effect of
RMRP knockdown. D. The tumors were isolated and weighed after 35 days. RMRP knockdown decreased tumor
weight, and tumor weight in siRNA-RMRP and miR-613 inhibitor group was increased compared to siRNA-RMRP and
inhibitor control group. E. The expression of RMRP and miR-613 in xenograft from the nude mice was determined
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dated that LINC01287 plays an oncogenic role
in tumour growth and metastasis and serves as
a novel molecular target for the treatment of
HCC [21]. Huang et al. demonstrated that
IncRNA PTTG3P (Pituitary tumor-transforming
3, pseudogene) promotes tumour growth and
metastasis via up-regulating PTTG1 (Pituitary
tumor-transforming 1) and activating PI3K/Akt
signaling in HCC [22]. In addition, Tang et al.
showed that IncRNA CRNDE (Colorectal neopla-
sia differentially expressed) promotes tumour
cell proliferation by regulating PI3K/Akt/[B-
catenin signaling in HCC [23]. In the current
study, we showed a novel IncRNA, RMRP, which
was significantly up-regulated in HCC tissues
and cell lines, given the clue that RMRP might
play an important role in the development of
HCC.

RMRP, also known as NMEZ1 or RRP2, is firstly
identified and named by Rogler LE and his col-
leagues in human cartilage-hair hypoplasia
[14]. RMRP is located at chromosome 9p13.3,
and is abundantly expressed in various human
tissues [15]. Previous study has shown that
RMRP expression is upregulated in lung adeno-
carcinoma tissues compared to the adjacent
normal tissues [18]. However, Shao et al.
revealed that the expression levels of RMRP
were downregulated in gastric cancer tissues
and gastric dysplasia. Moreover, RMRP sup-
pressed the expression of miR-206 and modu-
lated cell cycle by regulating Cyclin D2 expres-
sion in gastric cancer [17]. Our findings were
similarity with these previous reports that
RMRP was elevated in HCC tissues and cell
lines compared to corresponding adjacent non-
tumor tissues and a normal liver cell line,
respectively. We also noticed that highly ex-
pressed RMRP in HCC patients was significant-
ly correlated with lymph node metastasis, TNM
stage, venous invasion and poor prognosis,
and is not correlated with other factors, includ-
ing gender, age, liver cirrhosis, tumor size and
AFP levels. These clues suggested that highly
expressed RMRP are associated with hepa-
tocarcinogenesis.

To further study the biological functions of
RMRP in HCC, we firstly performed loss-of-func-
tion experiment in Hep3B and HCCLM3 cells in
vitro. Our results showed that decreased
expression of RMRP converted HCC cells into
less aggressive cells, with lower capabilities of
cell-cycle G1/S transition, proliferation, migra-
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tion and invasion. These findings clearly sug-
gested that RMRP functions as an oncogene in
HCC development. Similar to our results, nor-
mal human gastric mucosa epithelial cells and
gastric cancer cells transfected with RMRP
siRNA represented significant GO/G1 arrest
[17]. Moreover, Meng et al. reported that ecto-
pic expression of RMRP promoted lung adeno-
carcinoma cell proliferation, colony formation
and invasion [18]. Consistently, RMRP has
been demonstrated to promote gastric tumor
cell proliferation in vitro and in vivo [171].

Recent studies revealed that IncRNAs have
been demonstrated to regulate gene expres-
sion through functioning as miRNA sponge or
competing endogenous RNA (ceRNA) [24, 25].
To elucidate further molecular mechanism by
which RMRP exerts its oncogenic function in
HCC development, we predicted its putative
mMiRNA binding sites by using the prediction
algorithms of miRcode and RegRNA 2.0. Of the
miRNAs listed, miR-613 was chosen for further
investigation because miR-613 ranked the top
among all potential targets and the roles of
miR-613 were well studied in HCC. It is report-
ed that miR-613 functions as tumor suppressor
gene in many human cancers including HCC.
For example, miR-613 acts as a tumor suppres-
sor in glioma cells by directly targeting sex-
determining region Y-box 9 [26]. miR-613 inhib-
its cell migration and invasion by downregulat-
ing Daam1 (Dishevelled associated activator of
morphogenesis 1) in triple-negative breast can-
cer [27]. miR-613 suppresses the laryngeal
squamous cell carcinoma progression through
regulating pyruvate dehydrogenase kinase 1
[28]. In addition, miR-613 functions as tumor
suppressor in HCC by targeting YWHAZ (Ty-
rosine 3-monooxygenase/tryptophan 5-mono-
oxygenase activation protein zeta) [29]. miR-
613 has been reported to be a ceRNA of IncRNA
NEAT1 (Nuclear paraspeckle assembly tran-
script 1) in HCC [30] and IncRNA HOTAIR in pan-
creatic cancer [31]; however, the interaction
between RMRP and miR-613 has not been
reported in HCC.

In our study, we found that the expression of
miR-613 was down-regulated in HCC tissues
and cell lines. And the expression of miR-613
was negatively correlated with that of RMRP in
HCC tissues. Furthermore, the constructed
dual luciferase reporter gene assay strongly
confirmed that RMRP was directly targeting to

Am J Transl Res 2019;11(5):2801-2815



LncRNA RMRP/miR-613 axis enhances HCC tumorigenesis

miR-613. Thus, we hypothesized that RMRP
could promote cell proliferation, migration, and
invasion in HCC by acting as a ceRNA of miR-
613. A subsequent experiments demonstrated
that knockdown of miR-613 could partly re-
versed the inhibitory effects of RMRP inhibition
on cell proliferation, invasion and migration.
Xenograft assays also revealed that RMRP
knockdown inhibited HCC tumorigenesis, while
miR-613 silencing could partly reversed the
inhibitory effects of RMRP knockdown on HCC
tumorigenesis. Our data strongly suggested
that RMRP acts as a sponge for miR-613 by
promoting HCC tumorigenesis.

Overall, our data provided the first evidence
that the RMRP/miR-613 axis is associated with
poor prognosis and promotes the tumorigene-
sis of HCC by impacting oncogenic phenotypes.
Therapeutics that targeting RMRP/miR-613
axis may therefore improve the treatment of
HCC.
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