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miR-1179 promotes cell invasion through SLIT2/ROBO1
axis in esophageal squamous cell carcinoma
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Abstract: MiR-1179, a new identified miRNA highly associated with metastasis of colorectal cancer which was never
reported in esophageal squamous cell carcinoma (ESCC). Here we measured the expression levels of miR-1179 and
the candidate target gene in tissues from 40 patients with ESCC. Transwell, Dual-luciferase reporter assay and im-
munocytochemistry assay were employed to detect the function role of miR-1179 in vitro. We found that miR-1179
was up-regulated in human ESCC tumor tissues. Bioinformatics analysis indicated that SLIT2 acting as a new poten-
tial target of miR-1179 which was confirmed by luciferase reporter assay. Down-regulation of miR-1179 suppressed
cell invasion in vitro with an increasing level of SLIT2 and ROBO1, besides, the up-regulation of SLIT2 decreased
cell invasion through ROBO1. Taken together, these findings will shed light the role to mechanism of miR-1179 in
regulating cell invasion via SLIT2/ROBO1 axis.
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Introduction

Esophageal squamous cell carcinoma (ESCC) is
the major histologic subtype of esophageal ca-
ncer [1]. It has become the sixth leading cause
of death and the eighth most frequently diag-
nosed cancer [2]. Esophageal carcinoma inclu-
des two main types: esophageal adenocarci-
noma (EADC) and esophageal squamous cell
carcinoma [3]. The metastasis of ESCC clinica-
lly was one of the most factors inducing the
poor prognosis [4]. A large amount of genes ha-
ve been identified to be associated with tumor
metastasis including SLIT2/ROBO1 axis [5].
Along with an evolutionary conserved role in ax-
on guidance, SLIT2/ROBO1 pathway played a
key role in tumors by acting as the tumor sup-
pressor, especially in cell invasion [6, 7]. The
full length of the secreted protein SLIT2 can be
cleaved into two smaller fragments, a 140 kDa
N-terminal product (N-SLIT2) and a 50-60 kDa
C-terminal product (C-SLIT2). N-SLIT2 is the
fragment which could bind with ROBO1, a sin-
gle-pass transmembrane receptor of SLIT2 [8].

MicroRNAs (miRNAs) are a class of small non-
coding RNAs that regulate gene expression at

the post-transcriptional level [9]. MiRNAs play
an important role in biological and pathologic
procession including cell differentiation, prolif-
eration, apoptosis and metabolism [10]. They
can acted as oncogene or tumor suppressor
[11]. Aberrant miRNA expression may correlate
with many types of human disease and partici-
pating in every aspect of tumorigenesis. A
recent study has shown that differential expres-
sion of miRNA was correlated with esophageal
carcinoma survival [12].

The potential target gene of miRNA could be
predicted by online computational algorithm
such as TargetScan (http://www.targetscan.
org/vert_50/) or PicTar (http://pictar.mdc-ber-
lin.de/). In this study, TargetScan and PicTar
both indicated that SLIT2 as a potential target
gene of MmiR-1179. MiR-1179 has been identi-
fied to be associated with metastasis of colo-
rectal cancer. Based on these observations, we
aimed to detect the expression and the mecha-
nism of miR-1179 in ESCC and analyze its cor-
relation with clinicopathological factors or prog-
nosis in our clinical samples.
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Figure 1. Expression levels of miR-1179, candidate gene SLIT2 and the receptor ROBO1 in ESCC tissues. A: The ex-
pression levels of miR-1179, SLIT2 and ROBO1 in human ESCC tissues and adjacent corresponding tissues (n = 40)
were evaluated by qRT-PCR. Data were presented as box plot of the median and range of log-transformed relative ex-
pression level. *Indicates significant difference (P < 0.05). B, C: Pearson analysis of miR-1179 and SLIT2, SLIT2 and
ROBO1. D: The protein level of SLIT2 and ROBO1 in ESCC tissues, I0D was measured by normalized with GAPDH.

Materials and methods
Patient and tissue samples

Between July 2011 and November 2012, 40
patients received resection for ESCC at The
First Affiliated Hospital of Nanjing Medical
University, Nanjing City, Jiangsu Province, and
China. As a result, all the patients were retro-
spectively reviewed. None of these 40 patients
received neoadjuvant therapy before opera-
tion. Fresh cancer tissues and paired normal
adjacent tissues were obtained from these
patients. The differentiation grade, TNM stage,
and metastasis were classified according to
the UICC/AJCC TNM classification (seventh edi-
tion). The Institutional Ethics Committee app-
roved this project and written informed con-
sents were obtained from the patients. The
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ESCC cell lines (TE-1 and Eca-109) were
obtained from the Cell Bank of Shanghai (China)
and cultured in RPMI 1640 medium supple-
mented with 10% fetal bovine serum (FBS),
100 units/mL penicillin, and 100 g/mL strepto-
mycin (Invitrogen, Carlsbad, USA) at 37°C in a
5% CO, incubator.

Transfection

MiR-1179 inhibitor and normal control were
obtained from Genepharma (Shanghai, China).
The transfection assay was conducted by using
Lipofectamine 2000 (Invitrogen Corp, CA, USA).

Quantitative RT-PCR

Quantitative real time polymerase chain reac-
tion (QRT-PCR) was performed to determine the
expression levels of miR-1179 and mRNAs of
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Table 1. Clinicopathological features of pa-
tients with the expression of miR-1179

miR-1179
Feather Low High  Pvalue
All cases 20 20
Age
<60 14 11 0.327
>60 6 9
Gender 0.705
Male 15 16
Female 5 4
Tumor Size (cm) 0.752
<5cm 10 9
>5cm 10 11
Tumor Location 0.429
Middle 5 3
Lower 15 17
Tumor Capsular 0.212
Incomplete 5 2
Complete 15 18
TNM stage (I-ll:111-1V) 15:5 5:15 0.002
Metastasis
Yes 5 15 0.002
No 15 5

all related genes. Total RNA was obtained from
tissues using TRIzol reagent as described by
the manufacturer (Invitrogen Life Technologies
Co, CA, and USA). The detailed was described
previously [12].

Protein analysis and immunocytochemistry
(IcC)

For immunoblot analyses, 100 ug total proteins
were electrophoresed on a 10% SDS-PAGE gel,
transferred to PVDF membrane, blocked, and
then incubated with primary antibody. The blots
were developed using ECL reagent (Millpore,
MASS, USA). Equal amount of protein loading in
each lane was confirmed using GAPDH anti-
body. For the cell undergoing immunocyto-
chemistry, 6-well-plate with glass-bottom was
applied. Cells were fixed with 95% methyl alco-
hol and incubated with 10% normal goat serum
for 30 min to block non-specific antibody bind-
ing. After washing, the samples were incubated
with primary anti-rabbit antibody at 4°C over-
night, and then washed in PBS for three times
and then incubated with secondary antibodies.
After that, the cells were stained with DAB
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according to manufacturer’'s protocols and
mounted and photographed using a digitalized
microscope camera (Nikon Tokyo, Japan).

Cell invasion assays

For those cells treated with miRNA, after trans-
fection for 48 h, cells were seeded at 1x10°
cells/ml with serum-free medium, For the cells
treated with SLIT2-N, after 48 h treatment, 100
ul cell suspension with serum-free medium was
seeded to the upper chamber, cells were
stained with crystal violet staining solution
(Beyotime, Nantong, China) then counted and
photographed under 40x magnification (five
views per well). Migrated cells were counted by
using Image-pro Plus 6.0 while cell numbers of
normal control group were normalized to 1. All
experiments were performed in triplicate.

Dual-luciferase reporter assay

The 3’-UTR sequence of SLIT2 predicted to
interact with miR-1179 or a mutated sequence
with the predicted target sites were inserted
into pGL3 promoter vector (Genscript, Nanjing,
China). For reporter assay, cells were plated
onto 24-well plates and transfected with 100
ng of pGL3-SLIT2 or pGL3-SLIT2-mut, respec-
tively by using Lipofectamine 2000 (Invitrogen
Corp, CA, and USA). A Renilla luciferase vector
pRL-SV40 (5 ng) was also co-transfected to nor-
malize the differences in transfection efficien-
cy. Transfection was repeated three times in
triplicate.

Statistical analysis

The method of 2-2Ct was used to analyze the
results of RT-PCR in all the experiments per-
formed in this study. Statistical analysis was
performed using STATA 9.2, and presented with
Graph PAD prism software. Experimental data
of tissue samples are presented as box of the
median and range of log-transformed relative
expression level which was analyzed by Wil-
coxon rank-sum (Mann-Whitney) test. Pearson
analysis was applied for correlation. While the
results obtained from experiment in vitro ass-
ays are presented as mean + SEM from three
separate experiments in triplicates per experi-
ment, and the data was analyzed by double-
sided Student’s t-test. Results were considered
statistically significant at P < 0.05.
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Figure 2. Decreased miR-1179 suppressed cell invasion in vitro. A: Cells were treated with miR-1179 inhibitor and
control. The representative images of invasive cells of TE-1 at the bottom of the membrane stained with crystal vio-
let were visualized as shown. B: The invasive affection in Eca-109 cells. C: The quantifications of cell migration were
presented as percentage migrated cell numbers. *Indicates significant difference compared with control group (P

<0.05).

Results

Expression of miR-1179 and candidate gene
SLIT2/ROBO0O1 in ESCC

We examined the expression of miR-1179 in a
set of 40 paired samples using qRT-PCR. The
results showed that miR-1179 was significantly
up-regulated in ESCC tissues when compared
to the adjacent tumor tissues (Figure 1A). Next,
the correlation of miR-1179 with the clinico-
pathological factors was examined. We found
that the aberrant expression level of miR-1179
was highly associated with the metastasis of
patients, indicating that miR-1179 may play an
important role the pathogenesis of ESCC (Table
1). As was predicted by bioinformatical analy-
sis, we detected the expression level of SLIT2
and the receptor ROBO1 in the tissues. The
results indicated that both SLIT2 and ROBO1
were decreased in ESCC tumor tissues (Figure
1A, 1D). Furthermore, we analyzed the relation-
ship between the miR-1179 expression level
and SLIT2 expression level and the correlation
between SLIT2 and ROBO1 in the specimens of
the patients. The result demonstrated that miR-
1179 negatively correlated with the SLIT2 pro-
tein expression while SLIT2 indicated a positive
correlation with ROBO1 (Figure 1B, 1C).
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Cell invasion was suppressed by the de-
creased level of miR-1179

TE-1 and Eca-106 were chosen for following
experiments. After confirming that miR-1179
inhibitor could significantly change the expres-
sion level of miR-1179 using qRT-PCR, we then
tested whether miR-1179 modulated cell inva-
sion in esophageal cancer cells by transwell
assay. As shown in Figure 2A and 2B, cells
treated with miR-1179 inhibitor had a signifi-
cant decreased ability of cell invasion com-
pared with the control transfected cells (P <
0.05).The number of migrated cells was calcu-
lated. Cells in control group were normalized to
100%.

SLIT2/ROBO1 was activated by the down-regu-
lation of miR-1179

Based on the regulation pattern of miRNAs in
human carcinoma, we applied the experiment
to investigate whether miR-1179 could regulate
the expression of SLIT2 in vitro. The affection of
miR-1179 on the expression level of SLIT2 was
further examined by ICC. We found that the
down-regulation of miR-11179 caused a signifi-
cant increase level of SLIT2 (Figure 3A). We fur-
ther detected the expression level of ROBO1,
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Figure 3. Decreased level of miR-1179 up-regulated SLIT2 and ROBO1 in TE-1 and Eca-109 cells. A: Cells were
treated with miR-1179 inhibitor and control. ICC was applied to detect the expression level of SLIT2. IOD was cal-
culated, data was presented with Mean + SE. **indicates significant difference compared with control group P <
0.01. B, A: Cells were treated with miR-1179 inhibitor and control. ICC was applied to detect the expression level of
ROBO1. 0D was calculated, data was presented with Mean + SE. **indicates significant difference compared with

control group P < 0.01.

the receptor of SLIT2, in cell treated with miR-
1179 inhibitor and control. We found that cells
treated with miR-1179 inhibitor presented an
up-regulation of ROBO1 in TE-1 and Eca-109
cell lines (Figure 3B).

Next, we performed miRNA luciferase reporter
assay by constructing the wild type and mutant
type luciferase reporter plasmids containing
the binding region of the 3'UTR of SLIT2 (Figure
4A, 4B). We found that co-transfection of miR-
1179 mimics and pGL3-SLIT2 3'UTR reporter
plasmids significantly decreased the luciferase
activity in cell lines, as compared with the con-
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trol and the mutant type, indicating that miR-
1179 directly binding with the 3'UTR of SLIT2
(Figure 4C).

SLIT2/ROBO1 axis promoted cell invasion in
ESCC cell lines

Based on the results above, we aimed to inves-
tigate the potential mechanism involved in the
invasion suppression of miR-1179. SLIT2 was
reported with as an exactions protein. Thus, we
conducted the expression to detect whether
SLIT2 could cause the abnormal invasion of
cells by treating with SLIT2-N. As presented in

Int J Clin Exp Pathol 2015;8(1):319-327
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Figure 4. MiR-1179 down-regulated SLIT2 by binding the 3'UTR of SLIT2. A: The binding site of miR-1179 with SLIT2.
B: Sequence alignment of human miR-1179 with 3'UTR of SLIT2. Bottom: mutations in the 3’-UTR of SLIT2 in order
to create the mutant luciferase reporter construct. C: Cells were co-transfected with miR-1179 mimics or miR-
control, renilla luciferase vector pRL-SV40 and SLIT2 3'UTR luciferase reporters for 48 h. Both firefly and Renilla lu-
ciferase activities are measured in the same sample. The left panel indicated TE-1 cell line while the right indicated
Eca-109 Firefly luciferase signals were normalized with Renilla luciferase signals. *Indicates significant difference
compared with that of control cells (P < 0.05). All tests were performed in triplicate and presented as mean + SE.

Figure 5A, cell treated with SLIT2-N showed a
decreased ability of invasion comparing with
cell treated with placebo. In addition, we fur-
ther investigated whether the SLIT2 sup-
pressed the cell invasion through the combina-
tion of the receptor ROBO1. ICC was applied to
detect the expression level of ROBO1 in cells
treated with SLIT2-N. We found that ROBO1
was up-regulated in cells treated with SLIT-N
(Figure 5B).

Discussion

Previous studies have reported that miRNAs
play important roles in regulating gene expres-
sion. MiRNAs are a group of small non-coding
RNAs with 18-25 nucleotides in length that
negatively regulate gene expression by impre-
cisely binding to complementary sequence in
the 3-UTR of their target mRNAs [13, 14].
Researchers have found that a large number of
aberrant expression level of genes participant
in the progression of ESCC [15]. The interaction
between these genes mostly exists in the tran-
scription level and post-transcription level [16].
MicroRNAs are defined as one of the most
important member in the post-transcription
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level regulation [17]. MiR-375 have been proved
to inhibit tumor growth and metastasis in ESCC
by down-regulating the IGF1R, acting as a
strong tumor-suppression factor [18]. Besides,
miR-138 could suppress the level of NF-kB
which promotes lipid raft formation in ESCC
[19]. All these evidence indicated that miRNAs
play a crucial role in the progression of ESCC.

Based on the important role of miRNAs, we
found that miR-1179 was involved in the metas-
tasis of human colorectal cancers. However,
the potential mechanism of miR-1179 was only
explored by predicting through bioinformatic
techniques. In this study, we tried to found the
undergoing mechanism of miR-1179 in the
pathogenesis of ESCC. Bioinformatics was
applied to get the target gene of miR-1179. By
combining the binding ability with the gene
function, we selected the SLIT2 as the candi-
date gene of miR-1179. 3-UTR of SLIT2 was
confirmed binding with miR-1179 thus, caused
the suppression of cell invasion with the down-
regulation of miR-1179.

SLIT2/ROBO1 signaling has been demonstrat-
ed to be angiogenic factors under certain cir-

Int J Clin Exp Pathol 2015;8(1):319-327
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Figure 5. SLIT2 inhibited cell invasion by combining with ROBO1. A: Transwell assay was performed as described in
Materials and Methods. The representative images of invasive cells at the bottom of the membrane stained with
crystal violet were visualized as shown (left). The quantifications of cell migration were presented as percentage
migrated cell numbers (right). B: The expression level of ROBO1 was detected by ICC in cells treated with SLIT2-N
and control. I0D was calculated by presenting as mean * SE. *Indicates significant difference compared with that
of control cells (P < 0.05). **Indicated P < 0.01. All tests were performed in triplicate and presented as mean + SE.

cumstances and SLIT2/ROBO1 interaction
could inhibit cell migration [5, 8]. Researchers
have confirmed that SLIT2-N, the functional
subunit of SLIT2 suppressed cell migration
whereas knockdown of ROBO1 reversed such
inhibitory effect [20], suggesting SLIT2/ROBO1
axis was involved in the pathogenesis of cancer
by regulating cell invasion.
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In conclusion, this was the first study to evalu-
ate the relationship between SLIT2 and miR-
1179 in ESCC. Our findings demonstrated that
miR-1179 was up-regulated in ESCC, and ex-
pression of SLIT2 was correlated with tumor
metastasis. We found that miR-1179 post-tran-
scriptional down-regulated SLIT2 expression in
vitro. We also concluded that miR-1179 pro-

Int J Clin Exp Pathol 2015;8(1):319-327
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moted invasive ability of ESCC cells, and an
SLIT2/ROBO1 mediated axis may be involved in
this function.
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