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Introduction

Pancreatic cancer is one of the most malignant human solid 
tumors, characterized by its extremely aggressive nature includ-
ing local invasion and early metastasis.1,2 Although great progress 
in diagnosis and treatment has been made, the 5-y survival rate 
remains dismal in pancreatic cancer.3 Recently, researches on 
molecular mechanism of pancreatic cancer are highlighted4 and 
the critical pathways involving in tumor invasion and metastasis 
may provide a better understanding of tumor progression, finally 
contributing to early diagnosis and novel targets of comprehen-
sive therapies in pancreatic cancer.

miRNAs are endogenous, small and non-coding RNAs and 
primarily regulate genes via complementary binding to 3′UTR of 
their targets, leading to degradation of mRNAs or suppression of 
translation.5 Cumulative evidence has found that miRNAs func-
tion in multiple processes of tumor development, including cell 
proliferation, apoptosis, differentiation, invasion, migration, and 
so on.6 Previously we had found dysregulation of both miRNA-
218 and its potent target gene ROBO1 in pancreatic cancer7 and 

suggested that miRNA-218 and ROBO1 might participate in 
the progression of pancreatic cancer. In this study, we were to 
investigate the regulation mechanism between miRNA-218 and 
ROBO1 in pancreatic cancer. Through restoring the expression of 
miRNA-218 or mutant ROBO1, we found enhanced expression 
of miRNA-218 would inhibit migration and invasion of tumor 
cells via decreasing the expression of its target gene ROBO1 in 
pancreatic cancer.

Results

miRNA-218 inhibited the expression of ROBO1 in pancre-
atic cancer cells

Previously we found a decreased expression of miRNA-218 
in BxPC-3-LN compared with BxPC-3, Panc-1, or SW1990.7 In 
this study, the expressions of ROBO1 in several pancreatic can-
cer cells were investigated (Fig. 1A) and it showed a significantly 
increased expression of ROBO1 in BxPC-3-LN compared with 
BxPC-3, Panc-1, or SW1990 (P = 0.0007, 0.0005, and 0.0001). 
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miRNA-218 is a highlighted tumor suppressor and its underlying role in tumor progression is still unknown. Here, we 
restored the expression of miRNA-218 in pancreatic cancer to clarify the function and potent downstream pathway of 
miRNA-218. The expressions of both miRNA-218 and its potent target gene ROBO1 were revealed by RT-PCR and western 
blotting analysis. Transfection of miRNA-218 precursor mimics and luciferase assay were performed to elucidate the regu-
lation mechanism between miRNA-218 and ROBO1. Cells, stably expressing miRNA-218 followed by forced expression of 
mutant ROBO1, were established through co-transfections of both lentivirus vector and plasmid vector. The cell migra-
tion and invasion abilities were evaluated by migration assay and invasion assay respectively. An increased expression 
of ROBO1 was revealed in cell BxPC-3-LN compared with cell BxPC-3. Elevated expression of miRNA-218 would suppress 
the expression of ROBO1 via complementary binding to a specific region within 3′UTR of ROBO1 mRNA (sites 971–978) 
in pancreatic cancer cells. Stably restoring the expression of miRNA-218 in pancreatic cancer significantly downregulated 
the expression of ROBO1 and effectively inhibited cell migration and invasion. Forced expression of mutant ROBO1 could 
reverse the repression effects of miRNA-218 on cell migration and invasion. Consequently, miRNA-218 acted as a tumor 
suppressor in pancreatic cancer by inhibiting cell invasion and migration. ROBO1 was a functional target of miRNA-218’s 
downstream pathway involving in cell invasion and migration of pancreatic cancer.
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Consequently, an inverse correlation between the expression of 
miRNA-218 and ROBO1 was showed in BxPC-3-LN compared 
with its parental cell line BxPC-3 or other 2 cell lines. Mimics-218 
or Mimics-NC was transfected into cell BxPC-3-LN. The 
expression of miRNA-218 (Fig.  1B) increased significantly in 
cells transfected with Mimics-218 compared with Mimics-NC 
(P < 0.0001), while the expression of ROBO1 (Fig. 1C and D) 
decreased obviously in cells transfected with Mimics-218 com-
pared with Mimics-NC (P = 0.0107).

miRNA-218 regulated ROBO1 via binding to 3′UTR of 
ROBO1 mRNA in pancreatic cancer cells

We established Luciferase assay to determine whether 
miRNA-218 inhibited the expression of ROBO1 through 
direct interaction with 3′UTR of ROBO1 mRNA (Fig.  2A). 
The luciferase reporter plasmid included the wild type 3′UTR 
of ROBO1 (pLuc-ROBO1-wt) and the control reporter plas-
mid with an engineered mutant type 3′UTR of ROBO1 
(pLuc-ROBO1-mu). Both plasmids were co-transfected with 
Mimics-218 or Mimics-NC into cell BxPC-3-LN respectively 
(Fig. 2B). We found a significant decrease of luciferase activ-
ity (P < 0.0001) in the cells co-transfected with pLuc-ROBO1-
wt and Mimics-218, compared with the cells co-transfected 
with pLuc-ROBO1-wt and Mimics-NC. Instead, no signifi-
cant variation of luciferase activity (P = 0.4525) was observed 
between the cells co-transfected with pLuc-ROBO1-mu and 

Mimics-218, and the cells co-transfected with pLuc-ROBO1-
mu and Mimics-NC.

Elevated expression of miRNA-218 inhibited the invasion 
and migration of pancreatic cancer cells

Lentivirus expressing vector containing miRNA-218 was 
transfected into cell BxPC-3-LN to generate cells stably over-
expressing miRNA-218. The cells transfected with Lenti-218 or 
Lenti-NC, expressed green fluorescence protein (Fig.  3A–D). 
It showed an increase expression of miRNA-218 (P < 0.0001) 
and a decrease expression of ROBO1 (P = 0.0014) in cells trans-
fected with Lenti-218, relative to cells transfected with Lenti-NC 
(Fig. 3E–G). In migration assay (Fig. 4A and B), we found a 
significant decrease of migrated cell counts (P < 0.0001) on the 
inferior surface of the inserts, in Lenti-218 group compared with 
Lenti-NC group. Moreover, a notable decrease of invaded cell 
counts (P < 0.0001) was observed in Lenti-218 group compared 
with Lenti-NC group in invasion assay (Fig. 4C and D).

ROBO1 participate in the process of miRNA-218’s regula-
tion on tumor cell invasion and migration

Whether ROBO1 was involved in miRNA-218’s regulation 
pathway related to cell invasion and migration of pancreatic 
cancer was underdetermined. Accordingly, the plasmid pcDNA-
muROBO1 lacking the 3′UTR of ROBO1, was transfected into 
cell BxPC-3-LN-Lenti-218 which had already been transfected 
with Lenti-218 and stably overexpressed miRNA-218. We found 
the transfection of pcDNA-muROBO1 reversed the inhibiting 
effects of miRNA-218 in cell BxPC-3-LN-Lenti-218, accompa-
nied by obviously increased expression of ROBO1 (P < 0.0001) 
compared with the cell BxPC-3-LN-Lenti-218 transfected with 
pcDNA-NC (Fig. 4F and G). Moreover, in migration assay and 
invasion assay (Fig. 4H–K), we confirmed that the cell BxPC-
3-LN-Lenti-218 transfected with pcDNA-muROBO1 showed 
increased migrated cells (P < 0.0001) and increased invaded cells 
(P < 0.0001), compared with the cell BxPC-3-LN-Lenti-218 
transfected with pcDNA-NC.

Figure 1. (A) Expression of ROBO1 in pancreatic cell lines. The relative 
quantitations of ROBO1 in BxPC-3-LN, BxPC-3, Panc-1, and SW1990 were 
1.129 ± 0.1216, 0.3060 ± 0.8528, 0.3020 ± 0.06010, and 0.09967 ± 0.02255 
respectively. (B) Expression of miRNA-218 in cells transfected with 
miRNA-218 precursor mimics. The relative quantitations of miRNA-218 in 
Blank Control group, Mimics-NC group, and Mimics-218 group were 1.311 
± 0.3077, 1.040 ± 0.3542, and 146.0 ± 13.48 respectively. (C) Expression of 
ROBO1 in cells transfected with miRNA-218 precursor mimics. The rela-
tive quantitation of ROBO1 in three groups were 1.007 ± 0.1475, 0.9970 ± 
0.2872, and 0.2445 ± 0.03112 respectively. (D) The expression of ROBO1 
protein in cells transfected with miRNA-218 precursor mimics. A signifi-
cant decrease of ROBO1 protein was showed in Mimics-218 group. * rep-
resented the P value < 0.05.

Figure  2. (A) The predicted binding sites of miRNA-218 in the 3′UTR 
region of ROBO1. (B) miRNA-218 precursor mimics and pLuc-ROBO1-wt/
mu were co-transfected into cells. The relative luciferase activities were 
3.205 ± 0.2193 and 0.4857 ± 0.1466 in cells transfected with Mimics-
NC+pLuc-ROBO1-wt, and Mimics-218+pLuc-ROBO1-wt respectively. The 
relative luciferase activities were 3.331 ± 0.2275 and 3.151 ± 0.2972 in cells 
transfected with Mimics-NC+pLuc-ROBO1-mu, and Mimics-218+pLuc-
ROBO1-mu respectively. * represented the P value < 0.05.
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Discussion

In several human solid tumors, miRNA-218 
was reported to downregulate and function as a 
tumor suppressor by targeting different genes.8-11 
Previously we found miRNA-218’s expression 
decreasing in pancreatic cancer and it was associ-
ated with lymph nodes metastasis of pancreatic 
cancer. Furthermore, we verified that ROBO1, 
a predicted target gene of miRNA-218, showed 
an increased expression in pancreatic cancer in 
previous study.7 Therefore, it indicated that the 
decreased expression of miRNA-218 might medi-
ate the elevated expression of ROBO1 in pancreatic 
cancer.

In this study we focused on whether and how 
miRNA-218 or ROBO1 would affect the biological 
processes of pancreatic cancer cells. BxPC-3-LN 
that a subclone of pancreatic cell line BxPC-3 was 
established from the metastatic lymph nodes. We 
found a decreased expression of miRNA-218 and 
correspondingly increased expression of ROBO1 
in cell BxPC-3-LN, compared with its parental cell 
BxPC-3. The inverse expressing tendency between 
miRNA-218 and ROBO1 in metastatic cell sub-
clone, might provide an insight for pivotal path-
ways driving tumor progression including invasion 
or migration of pancreatic cancer cell.

Whether the variation of ROBO1’s expression was induced 
by aberrant expression of miRNA-218 in pancreatic cancer was 
still underdetermined. Forced expression of miRNA-218 in cell 
BxPC-3-LN was performed and it showed a significantly elevated 
expression of miRNA-218, followed by decreased expression of 
ROBO1, suggesting that miRNA-218 might inhibit ROBO1’s 
expression in pancreatic cancer cells. This result was consistent 
to what had been found about miRNA-218 and ROBO1 in other 
tumors.12,13 Additionally, in order to elucidate the detailed mech-
anism how miRNA-218 regulated ROBO1, luciferase assay was 
performed and verified that miRNA-218 could bind to a comple-
mentary region within 3′UTR of ROBO1’s mRNA. As a specific 
and direct interaction between miRNA-218 and ROBO1 was 
found, it provided a reasonable explanation for the inverse cor-
relation of miRNA-218 and ROBO1’s expressions in pancreatic 
cancer. At least, the decreased expression of miRNA-218 con-
tributed in great part to the increased expression of ROBO1 in 
pancreatic cancer.

Although miRNA-218 was commonly considered to be a 
tumor suppressor in various human solid tumors involving in 
tumor progression such as cell invasion, migration, proliferation, 
and so on,14-16 the role of miRNA-218 was unexplored in pan-
creatic cancer. In this study, we established cells stably overex-
pressing miRNA-218 via the transfection of a designed lentivirus 
vector into cell BxPC-3-LN, to investigate whether the variation 
of miRNA-218’s expression truly take an effect on biological pro-
cesses of pancreatic cancer cells. It was of note that novel increased 
expression of miRNA-218 was found in cells transfected with 

Lenti-218 vs. control and it inhibited the migration and invasion 
of pancreatic cancer cells. These results indicated that miRNA-
218 took an effect on inhibiting cell migration and invasion. The 
decreased expression of miRNA-218 might promote tumor dis-
semination in pancreatic cancer.

miRNAs were a series of special regulators which could 
interact with multiple target genes simultaneously, and then 
influenced different downstream pathways. The regulatory 
mechanism of miRNA-218 was a complex framework and some-
times organ specific. Several predicted target genes of miRNA-
218 had been reported. ROBO1 was targeted by miRNA-218 and 
acted as a promoter of tumor invasion and metastasis in both 
gastric cancer and nasopharyngeal cancer.12,13 The miRNA-
218-LAMB3 pathway was reported to regulate cell invasion 
and migration in cervical cancer.17 Caveolin-2, a target gene of 
miRNA-218 involving in tumor cell invasion and migration 
was verified in renal cell carcinoma.14 Bmi1 and IKK-β were 
identified as functional targets of miRNA-218 correlated with 
tumor cell invasion and migration in glioma from two groups 
respectively.15,18 In pancreatic cancer, UDP-glycosyltransferase-8 
(UGT-8) was reported to be regulated by miRNA-218 and pro-
mote tumor metastasis.19 It implied that miRNA-218 was related 
to the progression of pancreatic cancer, However, UGT-8 was not 
the only functional target gene of miRNA-218 involved in metas-
tasis of pancreatic cancer. Data are still scarce about miRNA-218 
and its target genes in pancreatic cancer. We used plasmid vec-
tor containing a mutant ROBO1 (lacking of 3′UTR) to increase 
the expression of ROBO1 in cells overexpressing miRNA-218, 
and found that restoration of ROBO1’s expression would reverse 

Figure 3. (A–D) Cells transfected with Lenti-218 (A and C) or Lenti-NC (B and D) in regu-
lar optical vision and GFP vision (original magnification 100×). (E) Expression of miRNA-
218 in cells transfected with lenti-218 or control. The relative quantitations of miRNA-218 
in BxPC-3-LN group (blank control), Lenti-NC group, and Lenti-218 group were 1.007 
± 0.1466, 0.7627 ± 0.1704, and 143.5 ± 9.142 respectively. (F) The expression of ROBO1 
protein in cells transfected with lenti-218 or control. A lower expressing level of ROBO1 
protein was showed in Lenti-218 group compared with Lenti-NC group or Blank control. 
(G) Expression of ROBO1 in cells transfected with Lenti-218 or control. The relative quan-
titations of ROBO1 in three groups were 1.024 ± 0.2723, 0.9920 ± 0.1863, and 0.1327 ± 
0.04005 respectively. P value < 0.05 was denoted as *.
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the inhibiting effects of miRNA-218 on tumor cell migration 
and invasion, implying that ROBO1 might be a key target gene 
of miRNA-218-mediated pathway accounting for tumor cell 
migration and invasion in pancreatic cancer. Consequently, that 
decreased expression of miRNA-218 induced elevated expression 
of ROBO1 was probably an important mechanism responsible 
for tumor invasion or even metastasis in pancreatic cancer.

ROBO1 was a member of axon guidance receptor fam-
ily (ROBO1–4) and its cognate ligand slit2 was from the large 
secreted guidance factor family (slit1–3).20 Although it was rec-
ognized as pivotal regulator in the development of central ner-
vous system,21 slit/ROBO1 signal was also reported to play a role 
in modulating chemotaxis of T cells and tumor angiogenesis.22,23 
More evidence showed that the secreted slit2 protein mediated 

chemorepulsive signal on ROBO1 express-
ing cells, and a chemorepulsive mechanism 
induced by the interaction between slit2 
and ROBO1 might drive glioma and breast 
cancer cells migration.24,25 Additionally, 
intracellular PI-3K signaling cascades were 
reported to be activatied by slit2/ROBO1 
interaction and then triggered cytoskeleton 
remodeling, finally promoting cell motil-

ity.26 We suggested that interaction between slit2 and ROBO1 
might be a potent downstream event of miRNA-218-ROBO1 
signal pathway, driving the invasion and migration of pancreatic 
cancer cells. Further studies were still necessary in the future.

In this study we confirmed that the decreased expression of 
miRNA-218 was an important cause for the increased expres-
sion of ROBO1 in pancreatic cancer via binding to a comple-
mentary region within the 3′UTR of ROBO1’s mRNA. Elevated 
expression of miRNA-218 inhibited the migration and inva-
sion of pancreatic cancer cells effectively. ROBO1 was a novel 
target gene of miRNA-218 signal pathway involved in the cell 
migration and invasion of pancreatic cancer. So miRNA-218 
may be an attractive target for developing new therapeutic strat-
egy of pancreatic cancer. An insight of the mechanism and role 

Figure  4. (A–D) Cells transfected with Lenti-
218 (A) or Lenti-NC (B), migrated to the inferior 
surface of the transwell inserts in GFP vision 
(original magnification 100×). Cells transfected 
with Lenti-218 (C) or Lenti-NC (D), invaded 
to the inferior surface of the transwell inserts 
in GFP vision (original magnification 100×). 
(E) The mean migrated or invaded cell counts 
per field in each group. The mean migrated cell 
counts in Lenti-218 and Lenti-NC group were 
7.100 ± 2.601 and 22.20 ± 3.584 respectively. 
The mean invaded cell counts in Lenti-218 and 
Lenti-NC group were 1.800 ± 1.317 and 9.000 ± 
2.211 respectively. (F) The expression of ROBO1 
protein in cells transfected with pcDNA-muR-
OBO1 or control. An increased expressing level 
of ROBO1 protein was showed in pcDNA-muR-
OBO1 group compared with pcDNA-NC group. 
(G) Expression of ROBO1 in cells transfected 
with pcDNA-muROBO1 or control. The rela-
tive quantitations of ROBO1 in pcDNA-muR-
OBO1 group and pcDNA-NC group were 1.913 
± 0.1149 and 0.1307 ± 0.03800 respectively. 
(H–K) Cells transfected with pcDNA-NC (H) or 
pcDNA-muROBO1 (I), migrated to the inferior 
surface of the transwell inserts in GFP vision 
(original magnification 100×). Cells transfected 
with pcDNA-NC (J) or pcDNA-muROBO1 (K), 
invaded to the inferior surface of the tran-
swell inserts in GFP vision (original magnifica-
tion 100×). (L) The mean migrated or invaded 
cell counts per field in each group. The mean 
migrated cell counts in pcDNA-NC and pcDNA-
muROBO1 group were 11.70 ± 3.917 and 36.30 
± 4.832 respectively. The mean invaded cell 
counts in pcDNA-NC and pcDNA-muROBO1 
group were 5.300 ± 2.214 and 21.80 ± 3.259 
respectively. P value < 0.05 was denoted as *.



©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com	C ancer Biology & Therapy	 1337

of miRNA-218-ROBO1 pathway during tumor invasion and 
metastasis is significant.

Materials and Methods

Cell culture
Human pancreatic cancer cell lines Panc-1, SW1990, 

and BxPC-3 were obtained from Cell Library of the Chinese 
Academy of Sciences. Panc-1 was cultured in DMEM medium 
(12491-015, Thermo Fisher Scientific) supplemented with 
10% fetal bovine serum (FBS, 10099-141, Gibco). SW1990 
was cultured in Leibovitz’s L-15 medium (11415-064, Gibco) 
supplemented with 10% FBS. BxPC-3-LN, generated from the 
metastatic lymph nodes, was a subclone of cell line BxPC-3 as 
previously described,7 and its parental cell lines BxPC-3 were 
both cultured in RPMI-1640 medium (11875-093, Thermo 
Fisher Scientific) supplemented with 10% FBS. All the cells 
were maintained at 37 °C in a humidified incubator containing 
5% carbon dioxide.

Quantitative real-time RT-PCR (qRT-PCR)
The details were conducted as previously described. Briefly 

speaking, total RNA was extracted from cells using TRIzol 
Reagent (15596-026, Invitrogen, USA). miRNAs and mRNAs 
were converted to cDNAs using PrimeScript miRNA cDNA 
Synthesis Kit (D350A, Takara) and the PrimeScript RT Master 
Mix Kit (DRR036A, Takara) respectively. SYBR green real-
time PCR was performed to compare the expressing levels of 
miRNAs or mRNAs using SYBR Premix Ex TaqII (DRR041A, 
Takara) by Applied Biosystems 7500 Real-Time PCR. U6 
snRNA and GAPDH were selected for normalization to the 
expressing levels of miRNAs and mRNAs respectively. Relative 
quantitations (RQs) of miRNAs and mRNAs were calculated 
using the 2-ΔΔCt method. The sequences of RT-PCR primers are 
listed in Table 1.

Western-blotting
Protein from cells was extracted and quantified. Western 

blotting was performed according to the standard procedure. 
The primary antibody, anti-Robo-1 (rabbit polyclonal antibody, 
sc-25672) was purchased from Santa Cruz Biotechnology and 
GAPDH (rabbit monoclonal antibody, 2251-1) was purchased 
from Epitomics. Chemiluminescent substrate (34079; Thermo 
Fisher Scientific) was used for detection of immunoblots. The 
images were developed by Fujifilm Las-3000 (Fuji).

miRNA-218 precursor transfection
A total of 2.5 × 104 cells were plated in 24-well plates with 

medium free of antibiotics and the cells would grow to 70% 
confluency at the time of transfection. miRNA-218 precursor 
Mimics-218 and negative control Mimics-NC (AM17100 and 
AM17110, Ambion) were transfected into cell line BxPC-3 using 
Lipofectamine 2000 Reagent (11668-019, Invitrogen) according 
to the manufacturer’s instruction. The group without transfec-
tion of neither Mimics-218 nor Mimics-NC was designated as 
blank control. Total RNA and protein were extracted from the 
cells 48 h after the transfection to evaluate the expressions of 
both miRNA-218 and ROBO1.

Luciferase reporter assay
The wild type 3′UTR of ROBO1 mRNA (NM_133631.3) 

containing predicted binding sites of miRNA-218 (position 971–
978 of ROBO1 3′UTR) was amplified from Human Genome 
DNA and cloned into a construct with XhoI and NotI. The 
product was then subcloned into XhoI and NotI sites of the psi-
CHECK-2 dual-luciferase reporter plasmid (C8021, Promega). 
The plasmid containing the mutant type 3′UTR of ROBO1 with 
8 nucleotides (5′-AAGCACAA-3′) deleting in the seed region 
(provided by Shanghai SBO Medical Biotechnology) was synthe-
sized according to manufacturer’s instruction (C8021, Promega).

Cell line BxPC-3 was seeded in 24-well plates and grew to 
70% confluency at the time of transfection. miRNA-218 pre-
cursor mimics, pLuc-ROBO1-wt/mu, Firefly, Renilla, and 
Lipofectamine 2000 Reagent were transfected into cells using 
Lipofectamine 2000 Reagent according to the manufacturer’s 
instruction. Luciferase assay was conducted 48 h after trans-
fection using Dual-Luciferase Reporter Assay System (E1910, 
Promega, USA) according to the manufacturer’s protocol.

miRNA-218 expressing vector design
The stem-loop sequence miRNA-218-2 (MI0000295) was 

synthesized from Human Genome DNA with primer pair 
hsa-mir-218-2-P1 and hsa-mir-218-2-P2 (Table  1). The gener-
ated sequence was then cloned into the NheI site of a lentivirus 
expressing vector Ubi-EGFP-MCS-IRES-Puromycin (provided 
by Genechem) to generate a miRNA-218 stable expressing vec-
tor (Lenti-218). The lentivirus expressing vector without interest 
gene was selected as negative control (Lenti-NC). Lenti-218 or 
lenti-NC was transfected into cells and the cells would express 
EGFP stably 72 h after transfection.

ROBO1 expressing vector design
ROBO1 mRNA (NM_133631.3) without 3′UTR (muR-

OBO1) was generated from the template (HC139237, YRGene) 
with primer pair ROBO1-P1 and ROBO1-P2 (Table  1). The 
products were then cloned into the XhoI and BamHI sites of a 

Table 1. Primer sequences

Products Sequence (5′ to 3′)

ROBO1 F: GCGTGCAGTA CTAAGGGAAC A

R: GGCTTCTTAC ATGAACATAA TGAA

GAPDH F: AGAAGGCTGG GGCTCATTTG

R: AGGGGCCATC CACAGTCTTC

hsa-mir-218 F: TTGTGCTTGA TCTAACCATG T

R: Uni-miR qPCR Primer (provided by manufacturer)

U6 snRNA F: CCCTGCGCAA GGATGACAC

R: Uni-miR qPCR Primer (provided by manufacturer)

hsa-mir-218–2
hsa-mir-218–2-P1: AGCTGTACAA GTAAGCTTCC 

GCTTCTCCAC GCTG

hsa-mir-218–2-P2: GGGAGAGGGG CTTAGGTGGG 
TCTGGCAGGT GGTG

muROBO1
ROBO1-P1: TACCGGACTC AGATCTCGAG ATGATTGCGG 

AGCCCGCT

ROBO1-P2: GTGTTCTTGC CCCTTTCTTG TGCCCCTG
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expressing vector pcDNA3.1(-)-3FLAG-Myc-His (provided by 
Shanghai SBO Medical Biotechnology) to generate a ROBO1 
transient expressing vector (pcDNA-muROBO1). The express-
ing vector without interest gene was used as negative control 
(pcDNA-NC). PcDNA-muROBO1 or pcDNA-NC was trans-
fected into cells using Lipofectamine 2000 Reagent according to 
the manufacturer’s instruction.

Migration and invasion assay
The migration and invasion abilities of cells were evalu-

ated using 24-well plates with 8-μm pore size inserts (3422, 
Corning). Cells were starved for 24 h before plating and then 
suspended in serum-free medium. A total of 1 × 105 cells were 
seeded in the upper chamber for migration assay and 2 × 105 cells 
were seeded in the upper chamber with Basement Membrane 
Matrix (356234, BD Matrigel) coated inserts for invasion assay. 
Medium supplemented with 20% FBS was added to lower cham-
ber. The cells were incubated at 37 °C for 24 h, followed by 
removal of the cells on the superior surface of the inserts with 
cotton swabs. Migrated or invaded cells on the inferior surface 
of the inserts were fixed with 4% paraformaldehyde and counted 

under microscope. Each assay was repeated for three times and 
the mean cells of 10 random fields per well (100× magnification) 
were compared between groups.

Statistical analysis
Data was presented as mean ± standard deviation (SD). 

Differences between groups were determined by the Student 
t test. All statistical analyses were performed by SPSS for Windows 
16.0 software. P < 0.05 was considered statistically significant.
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