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Abstract: Netrin 4 (NTN4) is downregulated in breast cancer (BC) and can inhibit the migration of BC cells. miR-
NAs dysregulation plays prominent roles in BC tumorigenesis. However, the function of miR-17-5p, its relationship 
with NTN4 and its underlying functional mechanism in BC are unclear and were investigated in the current study. 
Compared with normal breast samples, miR-17-5p was upregulated in BC specimens in The Cancer Genome Atlas 
(TCGA). A clinical analysis based on TCGA showed that miR-17-5p expression correlated with BC tumor stage, lymph 
node status, estrogen receptor, and progesterone receptor status. A wound-healing assay and Transwell assay 
implied that miR-17-5p upregulation promotes BC cell migration and invasion. Reverse transcription-quantitative 
PCR and ELISA showed that NTN4 mRNA and protein were both downregulated after miR-17-5p was overexpressed 
in Hs578T cells, whereas miR-17-5p inhibition had the opposite effect in MCF-7 cells. We also performed a dual-
fluorescent reporter assay, the results of which demonstrated that miR-17-5p represses NTN4 expression by directly 
targeting the 3’ untranslated region of NTN4 mRNA. In summary, miR-17-5p considerably promotes BC cell migra-
tion by suppressing NTN4 expression, and may therefore offer a potential therapeutic target for BC.
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Introduction

Breast cancer (BC) is the second commonest 
cause of cancer-related death in females [1-3]. 
In the past three decades, the treatment and 
early diagnosis of BC have improved markedly. 
The overall 5-year survival rate of BC patients 
has shown an encouraging trend [1]. However, 
Globocan estimated that 187,000 people in 
China were first diagnosed with BC in 2012, 
and approximately 48,000 of them died [2, 4]. 
Metastasis is the major challenge for BC treat-
ment, although many significant advances have 
been made in the study of cancer metastasis.

The netrin family of proteins functions in the 
modulation of both neuronal axon development 
and angiogenesis [5]. Netrin 4 (NTN4) is a 
secreted molecule, a novel member of this fam-
ily [6], which is generally reduced in tumors but 
is upregulated in cancerous effusions or at the 
invasive edges of solid tumors [7, 8]. In our pre-
vious study, we demonstrated that NTN4 acts 

as a BC suppressor and inhibits the metastasis 
of BC cells by downregulating epithelial-mesen-
chymal transition (EMT)-related biomarkers [9].

microRNAs (miRNAs), a class of 19-25 nucleo-
tide small noncoding RNAs, can bind to the 3’ 
untranslated regions (3’-UTRs) of the mRNAs 
thus inhibiting the expression of the corre-
sponding proteins [10, 11]. So far, several pub-
lished studies have suggested that a series of 
miRNAs are abnormally expressed in BC, and 
may modulate cell proliferation, apoptosis, 
migration, and invasion [12-14]. starBase [15] 
was used to predict the miRNAs that may target 
NTN4, with six upregulated miRNAs identified. A 
correlation analysis of the most relevant miRNA, 
miR-17-5p, was performed. Several studies 
have reported that miR-17-5p plays pivotal 
roles in BC, acting as an onco-miR to promote 
BC cell proliferation, and could have utility as a 
biomarker predicting BC recurrence [16, 17]. 
However, how miR-17-5p influences BC cell 
invasiveness and the molecular mechanism by 
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which it regulates NTN4 have not been deter- 
mined.

In this study, we investigated the function of 
miR-17-5p, a differentially expressed miRNA as- 
sociated with NTN4, in BC cell invasion, and the 
possible mechanism of this function. We found 
that miR-17-5p acts as an onco-miR, repressing 
NTN4 expression by binding to the 3’-UTR of 
NTN4 mRNA and thus promoting BC cell me- 
tastasis.

Materials and methods

Cell culture and transfection

Hs578T, MCF-7, MDA-MB-231, and T-47D, the 
four human BC cell lines used in this research, 
were obtained from the Cell Bank of China 
Academy of Sciences (Shanghai, China). All 
cells were incubated in Dulbecco’s modified 
Eagle’s medium (DMEM; HyClone, Logan, Utah, 
USA) supplemented with 1% penicillin-strepto-
mycin (HyClone), and 10% fetal bovine serum 
(FBS; Gibco, Grand Island, NY, USA) in a humidi-
fied incubator (37°C) containing 5% CO2. The 
cells (2.0 × 105) were seeded in each well of 
six-well plates, and then cultured for 24 h 
before transfection. The cells were transfected 
with miR-17-5p mimic (miR-17 mimic) or miR-
17-5p inhibitor (miR-17 inhibitor), with Lipo- 
fectamine® 3000 (Invitrogen, Carlsbad, CA, 
USA) according to the manufacturer’s protocol.

RT-qPCR analysis of mRNA and miRNA

Total cellular RNA (including miRNA) was puri-
fied with TRIzol (Invitrogen). RT-qPCR was used 
to evaluate the level of NTN4 mRNA, using the 
One-Step TB GreenTM PrimeScriptTM RT–PCR Kit 
II (TaKaRa Bio, Shiga, Japan), according to the 
manufacturer’s instruction. β-actin was used 
as the reference gene for the normalization of 
NTN4. The primers used in this assay were: 
NTN4 forward primer 5’-GTACTTTGCGACTAA- 
CTGCTCC-3’, and reverse primer 5’-TCCAGTG- 
CATGGAAAAGGACT-3’; and β-actin forward pri- 
mer 5’-ACCCACACTGTGCCCATCTAC-3’, reverse 
primer 5’-TCGGTGAGGATCTCATGAGGTA-3’.

To quantify miR-17-5p, the Mir-XTM miRNA First-
Strand Synthesis Kit (Clontech, CA, USA) was 
used to convert miRNAs into cDNA; SYBR® 
Premix Ex TaqTM II (TaKaRa Bio) was then us- 
ed for qPCR, performed on Light Cycler® 480 

System (Roche Diagnostics, Switzerland). miR-
17-5p was standardized to the value of U6 
snRNA with 2-ΔΔCt method. The miR-17-5p prim-
ers were synthesized by RiboBio (RiboBio Co., 
Ltd, Guangzhou, China).

Colony formation assays

After transfection for 24 h, 103 single cells were 
seeded into each well of six-well plates, and 
cultured in 2 ml of DMEM that included 10% 
FBS for 10 days or until colonies could be seen 
with the naked eye. Then 95% ethanol was 
used as the stationary liquid for the colonies. 
The colonies were then fixed for 15 min, and 
stained for another 15 min with 0.1% crystal 
violet solution. The ImageJ software (National 
Institutes of Health, USA) was used to count 
numbers of clones.

Wound-healing assay

The wound-healing assay was used to detect 
the horizontal migration capacity of BC cells. In 
a scratch assay, the cell monolayer was wound-
ed with 200 μl pipette tips after transfection for 
24 h, and then the same site on the monolayer 
was photographed at 0, 24, 48 h under a micro-
scope (Olympus CKX41, Tokyo, Japan). The gap 
size was measured with the ImageJ software 
and the percentage migration was calculated 
based on the size of the wound at 0 h.

Transwell migration and invasion assay

The Transwell assay, with Transwell inserts (8 
μm, 24-well plate; Corning, USA), was used to 
analyze the migration and invasion capabilities 
of BC cells. Cells (6 × 104) suspended in DMEM 
without serum were added to the upper cham-
ber, DMEM containing 10% FBS was added to 
the lower chamber, and the cells were cultured 
for 24 h to evaluate their vertical migration. For 
the invasion assay, the chamber membrane 
was covered with Matrigel (BD Biosciences, 
San Jose, CA, USA) and cells were incubated in 
the same environment for 48 h. Cells that had 
migrated to or invaded the lower chamber were 
treated with 95% ethanol, 0.1% crystal violet 
dye for 15 min respectively, and counted in five 
random fields.

Elisa

NTN4 protein concentration was measured 
with an ELISA kit (CSB-E11900h; CUSABIO, 
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China, https://www.cusabio.com/), according 
to manufacturer’s instructions, as described 
previously [9]. The results were detected with a 
plate reader (Anthos Fluido 2010), as the absor-
bance at 450 nm. A standard curve was con-
structed with the software Curve Expert 1.4 
and the NTN4 concentrations were then ca- 
lculated.

Target prediction for miR-17-5p and NTN4

Two different online databases, miRDB (http: 
//mirdb.org/index.html) [18] and TargetScan 
(http://www.targetscan.org/) [19], were used 
to predict the possible target sites of miR-17-5p 
within NTN4 mRNA. The detailed protocols can 
be obtained at the relevant websites.

Dual-luciferase reporter assay

The pmiR-RB-Report vector (RiboBio) was used 
in the dual-luciferase reporter assay, with the 
target region of miR-17-5p (sequence 5’-TTC- 
CTTGTATAAAGCACTTTA-3’) inserted in and was 
designated the wild-type-NTN4-expressing pla- 
smid (h-NTN4-WT). The control plasmid con-
taining a mutant sequence (5’-TTCCTTGTA- 
TAAACGTGAAAA-3’) was designated the mu- 
tant-NTN4-expressing plasmid (h-NTN4-MUT). 
MCF-7 cells were plated in a 24-well plate (1.0 
× 105 cells per well), and cultured for 24 h. The 
MCF-7 cells were then cotransfected with 300 
ng of h-NTN4-WT or h-NTN4-MUT and 50 nM 
miR-17 mimic or negative control using 3 μl of 
Lipofectamine® 3000 per well. After transfec-
tion for 48 h, the Dual-Luciferase Reporter 
System (Promega, Madison, WI, USA) was used 
to detect the Renilla and firefly luciferase activi-
ties, according to the instructions of the ma- 
nufacturer.

Statistical analysis

All statistical analyses were performed with the 
SPSS 20.0 (SPSS, Inc., Chicago, IL, USA) and 
GraphPad Prime 7.00 (La Jolla, CA, USA). The 
paired Student’s t test and unpaired Student’s t 
test were used to analyze the gene expression 
differences between two groups. The relation-
ship between miR-17-5p and NTN4 expression 
was analyzed with Pearson’s correlation analy-
sis. miR-17-5p expression and the clinical char-
acteristics were analyzed with a χ2 test. Kaplan-
Meier method were performed for the survival 
analysis, and log-rank test was used to calcu-

late the P-values. Data are presented as the 
means ± standard deviations (SD) of at least 
three independent experiments. P < 0.05 was 
considered significant.

Results

Upregulation of miR-17-5p in malignant tis-
sues and sera of BC patients

The levels of NTN4 and miR-17-5p in BC were 
analyzed with data from the public database 
The Cancer Genome Atlas (TCGA; https://can-
cergenome.nih.gov/). The results showed that 
NTN4 mRNA expression was significantly lower 
in BC tissues than in normal breast samples 
(Figure 1A), whereas miR-17-5p expression 
was significantly higher in the BC tissues 
(Figure 1B). We also analyzed the serum miR-
17-5p levels of the BC patients and control sub-
jects without cancer using data from the Gene 
Expression Omnibus (GEO) database (https://
www.ncbi.nlm.nih.gov/geo/). Compared with 
the noncancer samples, miR-17-5p was elevat-
ed in the sera of BC patients (P < 0.001) (Figure 
1C), which is consistent with the expression 
trend in tissues. We also analyzed the relation-
ship between miR-17-5p and NTN4 expression 
in the TCGA and GEO database (GSE22220) 
(Figure 1D, 1E). The results suggested a signifi-
cant negative association between miR-17-5p 
and NTN4 expression in BC.

Survival analysis and clinicopathologic charac-
teristic analysis of miR-17-5p in BC patients

Kaplan-Meier plotter (http://www.kmplot.com/
mirpower) was used to analyze the influence of 
miR-17-5p expression on BC prognosis. The 
results suggested that low-miR-17-5p-express-
ing BC patients displayed better prognoses (P = 
0.015) (Figure 1F), whereas patients with high-
NTN4 expression had prolonged recurrence-
free survival (RFS) (P = 5.5e-07) (Figure 1G). A 
similar result was obtained with the GSE22220 
dataset (Figure 1H, 1I).

We also analyzed data from TCGA to determine 
whether miR-17-5p expression in BC patients 
was strongly associated with their clinicopatho-
logic features. miR-17-5p expression was found 
to be significantly correlated with tumor stage 
(P = 0.002), lymph node status (P = 0.001), 
estrogen receptor (ER) status (P < 0.001) and 
progesterone receptor (PR) status (P < 0.001), 
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but not significantly with other characteristics 
(Table 1). These results strongly indicate that 
miR-17-5p participates in the progression and 
prognosis of BC.

miR-17-5p significantly promotes the clonoge-
nicity of BC cells

The levels of miR-17-5p in Hs578T, MDA-
MB-231, MCF-7, and T-47D cells were evaluat-
ed using RT-qPCR. miR-17-5p was expressed 
most strongly in MCF-7 cells, and significantly 
lower in Hs578T cells than in the other cell 
types. The level of NTN4 was lowest in the 
MCF-7 cells and second highest in Hs578T 
cells (Figure 2A). Therefore, MCF-7 and Hs578T 
cells were chosen as the experimental cells. To 
explore the biological roles of miR-17-5p, we 

transfected Hs578T and MCF-7 cells with miR-
17 mimic or miR-17 inhibitor to overexpress and 
knockdown miR-17-5p, respectively. After the 
transfection, miR-17-5p was expressed 67.7-
fold more strongly in the Hs578T cells and its 
expression in the MCF-7 cells was knocked 
down by 68.7% (Figure 2B, 2C).

The capacity to form colonies can reflect the 
tumorigenicity of cells, so we used a colony  
formation assay to determine whether the cel-
lular miR-17-5p affects the clonogenicity of  
BC cells. After Hs578T cells were transfect- 
ed with the miR-17 mimic and MCF-7 cells  
were transfected with miR-17 inhibitor, the 
Hs578T cells generated significantly more colo-
nies than the mimic-transfected normal con- 
trol cells (NC; P = 0.032) (Figure 2D), whereas 

Figure 1. Markedly negative correlation between miR-17-5p and NTN4 mRNA in BC lesions in a database analysis. 
A. An analysis of NTN4 mRNA expression in 113 normal breast tissues and 1109 BC tissues in the TCGA database. 
B. miR-17-5p expression in 104 normal breast specimens and 1103 BC samples from the data in TCGA. C. Serum 
miR-17-5p expression in GSE73002, including 2686 noncancer controls and 1280 BC samples, ***P < 0.001. D, 
E. Correlations between miR-17-5p and NTN4 mRNA in TCGA (1066 pairs of samples, P < 0.0001) and GSE22220 
(207 pairs of tissues, P = 0.010). F, G. Survival analysis of miR-17-5p and NTN4 in BC with a Kaplan-Meier plotter. 
H, I. Progression-free survival of miR-17-5p and NTN4 in GSE22220.
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the MCF-7 cells produced substantially fewer 
colonies than the inhibitor-transfected NC (P < 
0.001) (Figure 2E). These results imply that 
miR-17-5p promotes colony formation in BC 
cells.

miR-17-5p promotes the migration and inva-
siveness of BC cells

We also studied whether miR-17-5p expression 
influences the cellular migration and invasive-
ness of BC, which affect tumor metastasis and 
overall survival. A scratch assay was performed 
in Hs578T cells, because of their high migra-
tion capacity. miR-17-5p overexpression accel-
erated scratch healing in the Hs578T cells 

(Figure 3A) and its depletion reduced cell 
migration (Figure 3B). In the Transwell migra-
tion assays, Hs578T cells overexpressing miR-
17-5p migrated more than the NC cells (P < 
0.001) (Figure 3C, upper panel), whereas miR-
17-5p depletion in the MCF-7 cells strongly 
diminished their migration compared with that 
of the corresponding control (Figure 3D, upper 
panel). The results of the migration assay are 
consistent with those of the cell invasion test 
(Figure 3C and 3D, lower panel) and suggest 
that miR-17-5p increases the cellular metastat-
ic and invasive capacities of BC.

NTN4 mRNA is the target of miR-17-5p

To study whether the function of miR-17-5p in 
promoting BC cell migration directly involves 
NTN4, RT-qPCR and ELISA were used after miR-
17-5p transfection to evaluate the changes in 
NTN4 expression. The levels of NTN4 mRNA 
and protein were downregulated in the miR-
17-5p-overexpressing Hs578T cells, and their 
expression was elevated in miR-17-5p-reduced 
MCF-7 cells (Figure 4A). This indicates that 
miR-17-5p reduces NTN4 expression, which is 
consistent with the interactions predicted with 
the databases.

Bioinformatic tools based on different algo-
rithms were used to identify the possible target 
sites of miR-17-5p within NTN4 mRNA. We used 
two different miRNA databases, TargetScan 
and miRDB, to maximize the accuracy of the 
prediction. The results showed that a sequence 
within the 3’-UTR of NTN4 mRNA was predicted 
to be a binding site of miR-17-5p. The binding 
site is located at nucleotides 513-520, with a 
high target score (Figure 4B). Therefore, lucifer-
ase reporter vectors were constructed (Figure 
4C), and dual-luciferase reporter assays were 
conducted in MCF-7 cells. As suggested in 
Figure 4D, miR-17-5p significantly dampened 
the luciferase activity of h-NTN4-WT, and the 
suppression of NTN4 expression by miR-17-5p 
was attenuated when the putative binding site 
of miR-17-5p in the NTN4 3’-UTR was mutated. 
Therefore, miR-17-5p directly suppresses NTN4 
expression in human BC by targeting the 3’-UTR 
of NTN4 mRNA.

Discussion

Metastasis is a severe manifestation of BC, 
and metastasis is the main reason for the high 

Table 1. Correlation between miR-17-5p expres-
sion in BC and clinical characteristics in TCGA

miR-17-5p-low 
(%)

miR-17-5p-high 
(%) P value

Age
    < 40 37 (50.7) 36 (49.3)
    40-49 125 (57.3) 93 (42.7)
    50-59 137 (48.9) 143 (51.1)
    60-69 145 (51.8) 135 (48.2)
    ≥ 70 124 (55.1) 101 (44.9) 0.378
Tumor stage
    T1 158 (56.4) 122 (43.6)
    T2 287 (46.3) 333 (53.7)
    T3 63 (46.7) 72 (53.3)
    T4 28 (70.0) 12 (30.0) 0.002
Lymph node
    Negative 226 (44.4) 283 (55.6)
    Positive 311 (54.7) 258 (45.3) 0.001
Stage
    I 95 (52.2) 87 (47.8)
    II 285 (46.8) 324 (53.2)
    III 126 (51.6) 118 (48.4)
    IV 13 (65.0) 7 (35.0)
    V 10 (76.9) 3 (23.1) 0.072
ER status
    Negative 64 (27.6) 168 (72.4)
    Positive 458 (57.6) 337 (42.4) 0.000
PR status
    Negative 118 (35.2) 217 (64.8)
    Positive 406 (59.0) 282 (41.0) 0.000
Her2 status
    Negative 287 (51.8) 267 (48.2)
    Positive 88 (55.3) 71 (44.7) 0.431
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mortality observed in BC patients [20]. In a pre-
vious study, we demonstrated that NTN4 has a 
protective function in BC by reducing the migra-
tion and invasion of BC cells [9]. However, its 
function in human BC is not fully understood. 
Accumulating evidence indicates that miRNAs 
play vital roles in regulating the occurrence and 
progression of many tumors [12, 13]. miRNAs 
are detectable in plasma or serum, and are 
therefore expected to have utility as novel bio-
markers of cancer prognosis [20].

In this study, we analyzed data from BC patients 
in the TCGA and GEO databases and found that 
miR-17-5p was clearly highly expressed in both 
tissue and serum samples from BC patients. 
NTN4 was significantly reduced in BC tissues, 
which correlated significantly negatively with 
miR-17-5p expression. We also investigated the 
functions of miR-17-5p in BC cell migration and 
the molecular mechanism by which it regulates 
NTN4 expression.

Many studies have shown that NTN4 acts as a 
tumor suppressor in various cancers, including 
BC and cervical cancer [9, 21]. Through the 
analysis of data from the Kaplan-Meier plotter 

database and GEO datasets, we found that BC 
patients with high-NTN4-expressing tumors 
had markedly longer RFS than those with low-
NTN4-expressing tumors. Nevertheless, a sur-
vival analysis of BC patients showed the 
patients with high-miR-17-5p tumors tended to 
show poor overall survival. Other clinical char-
acteristics implied that BC patients strongly 
expressing miR-17-5p are more likely to have a 
higher tumor stage and negative ER status, 
which is consistent with the results of many 
studies that have shown that ER-negative 
tumors indicate poorer survival than ER-positive 
tumors [22]. All the results together indicate 
that miR-17-5p promotes tumor progression.

For the functional experiment, we selected two 
experimental cell lines, MCF-7 cells, because 
they express relatively high miR-17-5p and low 
NTN4 levels, and Hs578T cells, with low miR-
17-5p and high NTN4 levels. Our results indi-
cated that miR-17-5p overexpression markedly 
increased the cellular metastatic and invasive 
abilities of BC. Therefore, we infer that miR-17-
5p is associated with BC metastasis, and con-
trary to the normal roles of NTN4. We also 

Figure 2. Validation of miR-17-5p transfection. A. miR-17-5p and NTN4 mRNA expression in four BC cell lines, 
determined with RT-qPCR. B, C. Fold change in miR-17-5p expression after cell transfection with miR-17 mimic, 
miR-17 inhibitor, or their matching controls. ‘Mimic NC’ denotes mimic-transfected negative control, and ‘inhibitor 
NC’ denotes inhibitor-transfected negative control. D, E. Influence of miR-17-5p on colony formation. D. miR-17-5p 
upregulation in Hs578T cells promoted colony formation. E. Reduced miR-17-5p in MCF-7 cells suppressed colony 
formation. Colony numbers are quantified in the right bar graphs. *P < 0.05, ***P < 0.001.
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explored the possible mechanisms underlying 
the cancer-promoting effects of miR-17-5p in 
BC. After miR-17-5p depletion, both NTN4 
mRNA and protein were clearly increased, 
whereas miR-17-5p upregulation had the oppo-
site effect. Because the expression of NTN4 
can be directly regulated by miR-17-5p, and 
miRNAs usually modulate their target gene 
expression by binding to the 3’-UTR of their 
mRNAs, we predicted the target site of miR-17-
5p in the NTN4 mRNA with online tools. We 
then confirmed this with a dual-luciferase 
reporter assay, which showed that miR-17-5p 
modulates NTN4 expression by binding directly 

to the NTN4 mRNA 3’-UTR. However, the rela-
tive fluorescence of the group in which miR-17-
5p and h-NTN4-WT were cotransfected was 
also quenched, so we suspect that miR-17-5p 
may have other binding sites in the 3’-UTR of 
NTN4 mRNA. A further study is required to 
investigate this possibility.

Importantly, the results of this study provide 
the first evidence that miR-17-5p directly modu-
lates NTN4 expression and promotes the 
metastasis and invasion of BC cells. We have 
confirmed the miR-17-5p is negatively associ-
ated with NTN4 by investigating their expres-

Figure 3. Upregulation or downregulation of miR-17-5p affects the migration and invasion capacities of BC cells. 
A, B. Effects of miR-17-5p on wound-healing assay in Hs578T cells. A. miR-17-5p overexpression promoted wound 
healing in Hs578T cells P = 0.046) at 48 h. B. Reduced miR-17-5p suppressed wound healing in Hs578T cells at 
24 h (P = 0.032) and 48 h (P = 0.010). C, D. Effects of miR-17-5p evaluated with a Transwell assay. C. miR-17-5p 
overexpression increased Hs578T cells migration and invasion. D. Inhibition of miR-17-5p inhibited MCF-7 cells 
migration and invasion. Bar graphs on the right show the quantification of the left panels. *P < 0.05, **P < 0.01, 
***P < 0.001.
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sion and functions, both in database analyses 
and experimentally. However, because our find-
ings were mainly obtained in databases and 
with cell-based experiments, further investiga-
tion of the role of miR-17-5p in BC progress is 
still required.
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RB-REPORT vector, with wild-type and mutated miR-17-5p binding sites inserted, respectively, downstream from 
the luciferase reporter. D. In the luciferase reporter assay, miR-17-5p significantly reduced the luciferase activity 
expressed from h-NTN4-WT (P < 0.05) but not that from h-NTN4-MUT (P > 0.05). *P < 0.05, **P < 0.01.
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