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Abstract Studies have investigated the effect of ROBO1. All
the same, the relationship betweenmiR-490-5p andROBO1, and
the underlying mechanism are still unclear. We aimed to study
the effect of microRNA-490-5p (miR-490-5p) on hepatocellular
carcinoma (HCC) cell proliferation, migration and invasion by
directly regulating ROBO1. The expression of miR-490-5p and
ROBO1 in HCC tissues and cells were tested by RT-qPCR, and
the Hep3B cells were selected for subsequent experiments. We
confirmed the relationship between miR-490-5p and ROBO1 by
luciferase reporter system. The effects of miR-490-5p on cell
proliferation, migration and invasion of Hep3B cells were
assessed by MTT assay, colony formation assay, wound healing
assay and transwell assay, respectively. Flow cytometry was
employed to detect the influence of miR-490-5p on cell cycle
and apoptosis of Hep3B cells. The expression of miR-490-5p
was down-regulated, while ROBO1 was up-regulated in HCC
tissues and cells than the controls. MiR-490-5p can target
ROBO1. MiR-490-5p inhibited cell proliferation, migration and
invasion, but promoted cell apoptosis of Hep3B cells by
inhibiting ROBO1. We confirmed that miR-490-5p could direct-
ly suppress ROBO1, which might be a potential mechanism in
inhibiting HCC cell proliferation, migration and invasion.
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Introduction

Hepatocellular carcinoma (HCC) ranked the third-most lead-
ing cause of cancer-related deaths among the most popular
tumors in humans all over the world [1]. Most of the HCC-
associated deaths owe to secondary disease or metastatic pro-
gression among the estimated 1.4 million victims per annum.
Although technologies for diagnosis and treatment advance
swiftly over the years, HCC unfortunately remains highly fa-
tal, for liver transplantation (LT) methods or hepatic resection
therapies will not achieve beneficial effects on the majority of
patients with small tumor or who live with well-compensated
underlying liver diseases [2]. That’s the reason why more
comprehensive investigation in underlying molecular mecha-
nism of HCC is needed.

MiRNA, a group of small single-stranded RNA that does
not encode proteins, may function as oncogenes or tumor
suppressors. It has been proved that miRNA could reduce
gene expression in all cell types by binding to the 3′ untrans-
lated region (3’UTR) of specific mRNA directly and therefore
modulates mRNA degradation or inhibits translation [3, 4].
Previous studies have suggested that miR-490-5p is lower
expressed in various tumor tissues such as colorectal cancer,
bladder cancer and renal cell carcinoma [5, 6] than in normal
tissues, indicating its potential tumor inhibitor role by sup-
pressing cell proliferation, migration, and invasion [7].

Roundabout guidance receptor 1 (ROBO1) is amember of the
neural cell adhesion molecule family of receptors [8]. It was
reported that ROBO1 was a tumor suppressor and it could be
exploited as a molecular target to inhibit the progression of lo-
calized prostate cancer as well as treat metastasis in high-risk
populations [9]. Moreover, Liu et al. found that miR-29a inhibits
migration and invasion in part via direct inhibition of ROBO1 in
gastric cancer cells [10]. However, Hirotaka et al. reported that
ROBO1 was overexpressed in hepatocellular [11, 12].
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The effect of miR-490-5p/ROBO1 on the underlying
mechanism is still unclear. Based on the reported func-
tions of miR-490-5p and ROBO1, we made an endeavor
to confirm the hypothesis that high level of miR-490-5p
would reduce the expression of ROBO1 and impact tumor
progression. We employed advanced RT-qPCR, Western
Blot and Dual Luciferase Reporter Gene Assay, MTT as-
say, Transwell Invasion Experiment and Flow Cytometry
Analysis to investigate its effect on cell activities. This is
the first reported study that elucidated the possible mech-
anism involving the miR-490-5p and ROBO1 in human
HCC which might enlighten us with a novel way of un-
derstanding HCC tumorigenesis.

Materials and Methods

Tissue Samples and Cell Culture

Both HCC tissues and adjacent tissues were obtained
from 79 patients (51 males and 28 females) with HCC
who were confirmed by experienced pathologists after
liver surgery at hepatobiliary surgery center of Lin’an
People’s Hospital, the second Affiliate Hospital of
Hangzhou Medical College from September 2013 to
September 2015. No preoperative treatment had been con-
ducted on patients. All fresh tissues were stored in −80 °C
for subsequent experiments. All participants signed the
informed consent. This study was conducted under the
supervision of the ethics committee.

Human normal liver cell line L-02 and Human HCC cell
lines Hep3B, SK-HEP-1, Huh-7, HepG2 (ATCC, Manassas,
VA)were selected for experiments. All cell lines were cultured
in DMEM containing 10% fetal bovine serum (FBS) (Gibco,
Carlsbad, CA) at 5% CO2, 37 °C.

Cell Transfection

MiR-490-5p mimics (synthesized by Shanghai GenePharma
Co. Ltd) and ROBO1-cDNA (OriGene, USA) were
transfected into Hep3B cells using Lipofectamine 2000
(Invitrogen, US). Patients were divided into the following
groups: control, NC, miR-490-5p mimics, ROBO1-cDNA
and miR-490-5p mimics + ROBO1-cDNA groups. After
48-h transfection, cells were harvested and used in subse-
quent experiments.

RT-qPCR

Total RNAwas obtained from HCC tissues or cells by one
step extraction method using Trizol agent (Invitrogen),
and then reverse-transcribed to cDNAs using Primeseript
TM RT kit (TaKaRa). The ABI7900 LightCycler (Roche)

was selected to conduct the amplification of cDNAs. The
primers used for RT-qPCR were shown in Table 1. U6 and

GAPDH served as references, and the 2−ΔΔCt method was
used for the calculation of relative RNA expression.

Western Blotting

After transfection for 24 h, the total protein was extracted.
The protein concentration was determined by using
Braford method. Then proteins in samples were separated
by sodium salt - polyacrylamide gel electrophoresis (SDS-
PAGE), and subsequently transferred to a polyvinylidene
fluoride (PVDF) membrane. After being blocked for 2 h
using 5% skim milk, the membrane was incubated with
primary antibodies against ROBO1 and β-actin (1:200)
(ABcam, UK) for 2 h. Finally, the membrane was incu-
bated with HPR-conjugated secondary antibodies for an-
other 2 h. Band signals were visualized using ECL. And
β-actin served as the internal control.

MTTAssay

In the logarithmic growth phase, cells (1 × 106 cells/ml)
were plated in 96-well plates. After incubated for 12, 24,
36, 48 and 60 h, cells in each well were overlaid with
10 μL 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tet-
razolium bromide (MTT) solution for 4 h. Cells in each
well were overlaid with 150 μL dimethyl sulphoxide
(DMSO). The optical density (OD) of cells in different
groups was detected at 12, 24, 36, 48 and 60 h after
transfection using the microplate reader.

Colony Formation Assay

Cells were plated into 12-well plates (1 × 106 cells/well)
and incubated for 2–3 weeks. The cells were allowed to
proliferate till the colonies could be seen with naked eyes.

Table 1 Primers used in RT-qPCR

Primer Sequence (5′ to 3′)

MiR-490-5p (F) 5′-CATGGATCTCCAGGTGG-3′

MiR-490-5p (R) 5′-TGGTGTCGTGGAGTCG-3′

U6 (F) 5′-CTCGCTTCGGCAGCACA-3′

U6 (R) 5′-AACGCTTCACGAATTTGCGT-3′

ROBO1 (F) 5′-GCATCGCTGGAAGTAGCCATACT-3’

ROBO1 (R) 5′-CATGAAATGGTGGGCTCAGGAT-3’

GAPDH (F) 5′-CCTGCCTCTACTGGCGCTGC-3’

GAPDH (R) 5′-GCAGTGGGGACACGGAAGGC-3’

F: forward primer; R: reverse primer
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The cells were then fixed in 4% paraformaldehyde and
stained by Giemsa. The number of colonies was counted
under a microscope.

Wound Healing Assay

After transfection for 48 h, each group of Hep3B cells was plated
at a density of 5 × 105 cells per well in 6-well plates. When
reached 90% confluences, cell monolayers were scratched with
50 μl pipette tips. The detached cells were washed away. At 0 h
or 24 h after scratching, the cell monolayers were photographed
with a phase-contrast inverted microscope.

Transwell Assay

Cells were plated in the upper chambers at a density of 5 × 104

cells per well. The membranes of upper chambers were pre-
coated with 100 μL Matrigel (1 mg/mL). FBS was supple-
mented to the lower chambers as a stimulus. The membranes
were fixed in 95% ethanol for 15–20 min and stained with
hematoxylin for 10 min. Finally, random fields were selected
to be observed under an inverted microscope.

Dual-Luciferase Reporter Gene Assay

The 3’UTR of ROBO1 was amplified and cloned into
PmirGLO eukaryotic expression vectors containing luciferase
gene (System Biosciences) to construct pmirGLO-3-ROBO1-
wt plasmids. The same method was used for the construction
of the pmirGLO-3-ROBO1-mut plasmids by cloning mutated
ROBO1 3’UTR to PmirGLO vectors.

The recombinant plasmid ROBO1-wt or ROBO1-mut and
miR-490-5p mimics or NC were co-transfected to Hep3B
cells with Lipofectamine 2000. At 48 h post-transfection, the
relative luciferase activities were evaluated using Dual-
Luciferase®Reporter Assay System (Promega).

Flow Cytometry Analysis

Each group of transfected cells was collected and centrifugated at
1000 rpm/min. Supernatant (cells) were suspended at 5 × 104

cells/ml. PBS solution, 1% BSA solution, 100 μL propidium
iodide (PI) and 100 μL RNase A were added in sequence.
After 30 min’s incubation in the dark at 37 °C, the distribution
of the cell cycle of Hep3B cells was detected by flow cytometry.

Table 2 Association between clinicopathological characteristics of
hepatocellular carcinoma patients and relative miR-490-5p expression

Characteristic Relative miR-490-5p expression P value

Low (n = 42) High (n = 37)

Gender 0.481

Male 29 22

Female 13 15

Age (y) 0.264

≤ 60 16 19

> 60 26 18

Tumor grade 0.001*

G1 7 15

G2 16 13

G3 19 9

Alcohol abuse 0.654

No 20 20

Yes 22 17

Lymph node metastasis 0.007*

No 12 22

Yes 30 15

TNM stage 0.073

I + II 15 21

III + IV 27 16

Tumor diameter (cm) 0.502

≤ 5 23 17

> 5 19 20

Serum AFP (ng/l) 0.655

≤ 400 18 18

> 400 24 19

Tumor recurrence 0.014*

No 14 23

Yes 28 14

The categorical data was compared by Chi-square tests. * P < 0.05 was
statistically significant difference

Fig. 1 The expression of miR-
490-5p decreased in HCC tissues
and cell lines. (a) MiR-490-5p
expression decreased in HCC tis-
sues compared with adjacent tis-
sues. (b) MiR-490-5p expression
decreased in HCC cell lines com-
pared with normal liver cell line
HL-7702. * P < 0.05, significant-
ly different from the controls
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For apoptosis analysis, after suspension, 100 μL Annexin V-
FITC was added to the cell suspension and incubated for 15 min
in the dark at 37 °C. Thereafter, the cell apoptosis was detected.

Statistical Analysis

Statistical analyses were accomplished using SPSS 21.0
(Chicago, Illinois, USA) and diagrams were conducted using
GraphPad prism 6.0. The comparison between the two groups
was conducted using t test, and the comparison among the
multiple groups was conducted using one-way ANOVA.
The significant difference was set at P < 0.05.

Results

MiR-490-5p Was Down-Regulated in HCC Tissues
and Various HCC Cell Lines

The miR-490-5p level in HCC tissue samples and adjacent tis-
sues were detected by RT-qPCR, and results showed that miR-

490-5p in HCC tissues was remarkably down-regulated com-
pared with adjacent tissues (P < 0.05, Fig. 1a). The miR-490-
5p level was also detected in the normal liver cell line L-02 and
variousHCC cell lines, includingHep3B, SK-HEP-1,Huh-7 and
HepG2, and the results suggested that the miR-490-5p expres-
sion was remarkably down-regulated in all HCC cell lines in
comparison with normal cell line (P < 0.05, Fig. 1b).

A relative expression level of 1.3 of miR-490-5p in
HCC was the cut-off point. 79 patients were then catego-
rized into high miR-490-5p expression or low miR-490-
5p group. The relationships among age, sex, alcohol
abuse, lymph node metastasis, TNM stage, tumor diame-
ter, tumor grade, serum alpha fetal protein (AFP) level,
recurrence rate and miR-490-5p expression level were
analyzed in 79 HCC patients. The results indicated that
patients in the low miR-490-5p expression group had
higher tumor grade, lymph node metastasis rate and re-
currence rate at earlier TNM stage (P < 0.05). In addi-
tion, the miR-490-5p expression was not related to sex,
age, alcohol abuse, tumor diameter and serum AFP level
(Table 2, P > 0.05).

Fig. 3 ROBO1 is directly targeted bymiR-490-5p. (a) ROBO1mRNA is
supposed to be a target of miR-490-5p with the binding sequence
AUCCAUG. Multi-site mutation is used to mutate 7 nucleotides to con-
struct ROBO1-mut 3’UTR. (b) Luciferase activity assay indicates that the
binding sequence in ROBO1 3’UTR is necessary for the regulation by
miR-490-5p. Hep3B cells transfected with miR-490-5p mimics and wild-

type ormutated-typeROBO1 3’UTR (ROBO1-wt 3’UTR or ROBO1-mut
3’UTR) showed different luciferase intensities. The activity of mutated-
type cannot be regulated by miR-490-5p. (c) ROBO1 protein level is
suppressed by miR-490-5p mimics. * P < 0.05, significantly different
from controls. NC: cells transfected with non-antisense oligomers.
Mimics: cells transfected with miR-490-5p mimics

Fig. 2 The expression of ROBO1 increased in HCC tissues and cell lines.
(a) ROBO1 expression increased in HCC tissues compared with adjacent
tissues. (b) ROBO1 expression increased in HCC cell lines compared to

normal cell line HL-7702. (c) ROBO1 protein level in HCC cells
increased compared with normal cells. * P < 0.05, significantly
different from controls
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ROBO1 Was Up-Regulated in HCC Tissues and Cells

The expression of ROBO1 mRNA in HCC tissues and adjacent
tissues was determined by RT-qPCR. The results displayed a
notably higher level of ROBO1 mRNA in HCC tissues than in
adjacent tissues (P < 0.05, Fig. 2a). The ROBO1 mRNA level
was also detected in the normal liver cell line L-02 and various
HCC cell lines, including Hep3B, SK-HEP-1, Huh-7 and
HepG2, and the results suggested that the ROBO1 mRNA ex-
pression was remarkably higher in HCC cells compared with
normal cells (P < 0.05, Fig. 2b). The protein expression of
ROBO1was assessedwithwestern blot, and the results displayed
a notable up-regulation of ROBO1 protein level in HCC cells
compared with the normal cell line (P < 0.05, Fig. 2c). The
following experiments were conducted in Hep3B cells in which
ROBO1 had the highest level.

ROBO1 Was the Target of miR-490-5p

The predicted binding site of miR-490-5p retrieved from
TargetScan Human 7.0 database on ROBO1 3’TUR was illus-
trated in Fig. 3a. To verify the above speculation, we constructed
wild-type andmutated-typeROBO1 luciferase reporter gene vec-
tors, whichwere co-transfectedwithmiR-490-5pmimics into the

cells. The results suggested that the luciferase activity of cells
transfected with ROBO1-wt 3’UTR and miR-490-5p mimics
was suppressed dramatically (P < 0.05), while that of cells
transfected with ROBO1-mut 3’UTR and miR-490-5p mimics
did not alter substantially comparedwith the controls, respective-
ly (P > 0.05, Fig. 3b), showing that miR-490-5p could directly
target ROBO1 mRNA and reduce its stabilization or translation.

The depressing effect of miR-490-5p on ROBO1 was also
evaluated at translational level. ROBO1 protein expression
was severely down-regulated in Hep3B cells transfected with
miR-490-5p mimics compared with NC group (P < 0.05, Fig.
3c), showing that the over-expression of miR-490-5p has in-
hibitory effect on ROBO1.

MiR-490-5p Suppressed HCC Cell Proliferation
by Restraining ROBO1

After transfection, the expression levels of miR-490-5p and
ROBO1 in each group were detected by RT-qPCR to verify the
efficiency of cell transfection. MiR-490-5p expression of miR-
490-5p mimics and miR-490-5p mimics + ROBO1-cDNA
groups increased significantly compared with the control group
(P < 0.05, Fig. 4a). ROBO1 mRNA expression of ROBO1-
cDNA group increased, while that of miR-490-5p mimics group

Fig. 4 MiR-490-5p inhibits the activity, proliferation, migration and
invasion of HCC cells by suppressing ROBO1. (a) MiR-490-5p expres-
sion of cells in miR-490-5p mimics and miR-490-5p mimics + ROBO1-
cDNA groups increased compared with control group. (b) ROBO1
mRNA expression of cells increased in ROBO1-cDNA group but de-
creased in miR-490-5p mimics group compared with control group. (c)
MTT assay result demonstrates that the overexpression of miR-490-5p
inhibits Hep3B cell activity by suppressing ROBO1. (d) Colony

formation assay results demonstrate that the overexpression of miR-
490-5p inhibits Hep3B cell proliferation by suppressing ROBO1. *
P < 0.05, significantly different from controls. Control: cells without
transfection. NC: cells transfected with non-antisense oligomers.
Mimics: cells transfected with miR-490-5p mimics. ROBO1-cDNA: cells
transfected with ROBO1 cDNA. Mix: cells co-transfected with miR-490-
5p mimics and ROBO1 cDNA
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decreased compared with the control group (P < 0.05, Fig. 4b).
Besides, the miR-490-5p expression of cells in ROBO1-cDNA
group did not show significant difference from the control and
the NC group. And there was no remarkable difference of
ROBO1 expression among the control, the NC and the miR-
490-5p mimics + ROBO1-cDNA groups (P > 0.05).

MTT results displayed that there was no notable distinction in
cell viability among the groups after 24 h transfection (P > 0.05).
After being transfected for 36 h, cells of miR-490-5p mimics
group had significant lower viability while those of ROBO1-
cDNAgroup had significant higher viability than those of control
group (P < 0.05). After being transfected for 60 h, the cells in the
miR-490-5p mimics and ROBO1-cDNA groups showed further
notable differences in viability from those in control group
(P < 0.01, Fig. 4c).MiR-490-5pmimics +ROBO1-cDNA group
was not significantly different from control groups in terms of
cell viability at any indicating time point (P > 0.05). These results
demonstrate that the overexpression of miR-490-5p in Hep3B
cell could suppress cell viability, while the overexpression of
ROBO1 could enhance the activity of HCC cells. Additionally,
the overexpression of ROBO1 could counteract the inhibition of
miR-490-5p on cell viability.

Similar with MTT results, cells in miR-490-5p mimics
group formed significant fewer colonies, while those in
ROBO1-cDNA group formed more colonies than those in
control group (P < 0.05, Fig. 4d). There was no significant
difference between miR-490-5pmimics + ROBO1-cDNA and

control group (P > 0.05), indicating that the miR-490-5p over-
expression inhibited Hep3B cell proliferation, while ROBO1
over-expression promoted Hep3B cell proliferation, and
ROBO1 over-expression counteracted the suppression effect
of miR-490-5p on cell proliferation.

MiR-490-5p Inhibited HCC Cell Migration and Invasion
by Suppressing ROBO1

The results of wound healing assay demonstrated that cells in
miR-490-5p mimics group had lower cell migration rate,
while cells in ROBO1-cDNA group had higher cell migra-
tion rate than those in control group (P < 0.05, Fig. 5a). No
significant differences were found between miR-490-5p
mimics + ROBO1-cDNA and control group in terms of cell
migration rate (P > 0.05).

Results of Transwell assay indicated that cells in miR-490-5p
mimics group had less severe cell invasiveness, while those in
ROBO1-cDNA group had more severe cell invasiveness than
those in control group (P < 0.05, Fig. 5b). No significant differ-
ences were detected among control group, NC group and miR-
490-5p mimics + ROBO1-cDNAgroup (P > 0.05).

These results confirmed that the miR-490-5p over-expression
inhibited Hep3B cell migration and invasion, while ROBO1
over-expression promoted Hep3B cell migration and invasion,
and the over-expression of ROBO1 could counteract the inhibi-
tory effects of miR-490-5p on cell migration and invasion.

Fig. 5 MiR-490-5p inhibited HCC cell migration and invasion by
suppressing ROBO1. (a) Wound healing assay results demonstrate that
the overexpression of miR-490-5p inhibits Hep3B cell migration by sup-
pressing ROBO1. (b) Transwell assay results demonstrate that the over-
expression of miR-490-5p inhibits Hep3B cell invasion by suppressing

ROBO1 (×400). * P < 0.05, significantly different from controls. Control:
cells without transfection. NC: cells transfected with non-antisense olig-
omers. Mimics: cells transfected with miR-490-5p mimics. ROBO1-
cDNA: cells transfected with ROBO1 cDNA. Mix: cells co-transfected
with miR-490-5p mimics and ROBO1 cDNA
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MiR-490-5p Regulated Cell Cycle of HCC Cells
by Inhibiting ROBO1

The percentage of cells arrested in G0/G1 phase increased
significantly, while the percentage of cells entering the S
and G2/M phases decreased substantially in the miR-490-
5p mimics group compared with the control group
(P < 0.05). On the other hand, the percentage of cells
arrested in G0/G1 phase decreased in ROBO1-cDNA
group, while the percentage of cells entering S phase in-
creased compared with control group (P < 0.05, Figs. 6a
and c). Cell cycle of cells transfected in NC and miR-490-

5p mimics + ROBO1-cDNA was not significantly differ-
ent from those in control group (P > 0.05). These results
suggested that miR-490-5p in Hep3B cells could arrest
cell cycle and inhibit cell mitosis by suppressing ROBO1.

MiR-490-5p Regulated Cell Apoptosis of HCC Cells
by Inhibiting ROBO1

The miR-490-5p-mediated cell apoptosis was detected using
flow cytometry. Hep3B cells in miR-490-5p mimics group
had higher cell apoptosis rate, while those in ROBO1-cDNA
group had lower cell apoptosis rate compared with those in
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Fig. 6 MiR-490-5p arrests Hep3B cell cycle and promotes cell apoptosis
by suppressing ROBO1. (a)(c) Over-expression of miR-490-5p increases
the ratio of Hep3B cells in G0/G1 phase, while decreases the proportion
of Hep3B cells in S and G2/M phases. Over-expression of ROBO1 has
opposite effects. (b)(d) The results of cell apoptosis assay detected by
flow cytometry suggest that overexpression of miR-490-5p could

facilitate cell apoptosis by suppressing ROBO1. * P < 0.05, significantly
different from controls. Control: cells without transfection. NC: cells
transfected with non-antisense oligomers. Mimics: cells transfected with
miR-490-5p mimics. ROBO1-cDNA: cells transfected with ROBO1
cDNA. Mix: cells co-transfected with miR-490-5p mimics and ROBO1
cDNA
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control group (P < 0.05, Figs. 6b and d). Cell apoptosis in the
NC and miR-490-5p mimics + ROBO1-cDNA groups did not
significantly differ from that in control group (P > 0.05).
These results suggested that miR-490-5p in Hep3B cells could
promote Hep3B cell apoptosis by suppressing ROBO1.

Discussion

In the present study, we explored the expression of miR-490-
5p and ROBO1 in hepatic tissues and cells. We also investi-
gated the effects of miR-490-5p and ROBO1 on a series of
hepatic cell activities. In addition, we confirmed the direct
binding relationship between miR-490-5p and ROBO1. Our
findings revealed the possible mechanism of hepatocellular
carcinogenesis.

A battery of miRNAs has been reported to be significantly
different in tumorous tissues from in normal tissues. For in-
stance, miR-551a, miR-483-5p, miR-124 and miR-26 (a)
were reported to be deregulated in hepatocellular carcinoma
(HCC) [13–18]. On the other hand, miR-490-3p has been
reported to be an independent indicator for Ewing’s sarcoma
[19]. Substantial down-regulation of miR-490-3p in human
gastric cancer tissues was confirmed by Shen et al. [20].
Similarly, miR-490-3p has been reported to be lower-
expressed in endometrial cancer tissues than in normal endo-
metrial tissues [20, 21]. Not surprisingly, miR-490-3p was
found substantially down-regulated among the top
deregulated miRNAs in HCC as well [22]. MiR-490-5p, on
the other hand, showed higher expression level in human
bladder cancer tissues and cells than non-cancerous tissues
and cells [5], but was also found the most strongly down-
regulated (log2Ratio =− 5.79794) in human bladder urothelial
carcinoma by deep sequencing [23, 24]. Besides, miR-490-5p
together with a broad spectrum of other miRNAs were found
significantly up-regulated in six human malignant cell lines
(squamous cell carcinoma of the head and neck, human brain
tumours) following irradiation than in those without irradia-
tion treatment [25, 26]. In addition, miR-490-5p was also
found down-regulated by over 2-fold change before and after
chondrogenesis [27]. However, to our knowledge, little has
been done to clarify the expression of miR-490-5p in HCC
or any other cancers. We herein detected the relative expres-
sion of miR-490-5p in liver tissues and cells, and we found
that miR-490-5p was severely down-regulated in tumorous
tissues and cell lines, indicating its tumour suppressor role in
HCC. In addition, this aberrant expression of miR-490-5p is a
possible biomarker for HCC.

The target relationship between miR-490-5p and ROBO1
has not been reported in any cancerous cells yet.We, however,
in this study, verified that miR-490-5p directly bound to
ROBO1 3’UTR and regulated Hep3B cell activities. ROBO1
functions in migration, invasion and its aberrant expression

regulate the development of major axon tracts and interneuron
migration in the forebrain [3]. In our study, ROBO1was found
over-expressed in HCC tissues and cell lines, suggesting its
possible tumour facilitator role. Consistently, ROBO1 was re-
ported to be involved in the high expression in human liver
cancer [11]. Our experiment of western blot verified this point.
Moreover, ROBO1 was negatively regulated by miR-218 in
gastric cancer. The activation of the Slit-Robo1 pathway
through the interaction between Robo1 and Slit2 could trigger
tumor metastasis [28–30]. Besides, miR-490-5p could signif-
icantly suppress the proliferation and mitosis of human blad-
der cancer cell lines by directly binding to c-Fos, a proto-
oncogene [5]. Thus, we believe that miR-490-5p may inhibit
the propagation, viability, migration, and invasion and induce
cell apoptosis by directly targeting ROBO1. Whereas the ac-
tivation of miR-490-5p could inhibit cell proliferation, the
repression of ROBO1 with miR-490-5p could possiblely lead
to the enhancement of cell proliferation.

However, to validate whether miR-490-5p/ROBO1 inter-
play affects HCC cell apoptosis, migration and invasion by
participating in specific signaling pathways, further researches
need to be done to discover the involvement of the pathways
and their relation with cell apoptosis, migration and invasion.

Collectively, we explored the expression of miR-490-5p
and ROBO1 in human HCC tissues and cell lines. Besides,
we confirmed the target relationship between miR-490-5p and
ROBO1. In addition, we investigated the possible molecular
mechanism by which miR-490-5p/ROBO1 interplay affects
HCC cell apoptosis, proliferation, migration and invasion
etc. Our findings also explained the possible clinical signifi-
cance of miR-490-5p/ROBO1 interplay in HCC.
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