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Abstract

Purpose: Triple-negative breast cancer is characterized by fast progression with high possible for metastasis and poor survival.
Dysfunction of microRNAs plays an important role in the initiation and progression of cancer. Our previous microRNA-seq data
indicated the downregulation of miR-331-3p in triple-negative breast cancer tissues compared with that of the noncancer tissues.
However, the function of miR-331-3p in triple-negative breast cancer remains largely unknown. Herein, the involvement of miR-
331-3p in triple-negative breast cancer was investigated and the therapeutic potential of miR-331-3p was also explored.
Methods: Real-time quantitative polymerase chain reaction was performed to detect the expression of miR-331-3p in triple-
negative breast cancer tissues and cell lines. The cell proliferation was determined by the cell counting kit-8 assay. Apoptosis of
triple-negative breast cancer cells was examined by annexin V/propidium iodide staining. miRDB database was used to predict the
potential targets of miR-331-3p. Western blot was performed to examine the expression of the target protein. Results: miR-
331-3p was significantly downregulated in triple-negative breast cancer tissues and cell line. Lower miR-331-3p expression was
significantly correlated with the tumor size, TNM stage, and lymph node metastasis of patients with triple-negative breast cancer.
Functional experiments showed that the overexpression of miR-331-3p inhibited the proliferation and increased apoptosis of
triple-negative breast cancer cells. Neuropilin-2 was identified as a target of miR-331-3p, which harbored binding site of miR-331-
3p in its 3’-untranslated region. Overexpression of miR-331-3p decreased the messenger RNA and protein levels of neuropilin-2
in triple-negative breast cancer cells. Restoration of neuropilin-2 partially reversed the inhibitory effects of miR-331-3p on the
proliferation of triple-negative breast cancer cells. Conclusions: Our results demonstrated the novel function of miR-331-3p/
neuropilin-2 signaling in regulating the malignant behaviors of triple-negative breast cancer cells, which suggested miR-331-3p asa
potential target for the treatment of triple-negative breast cancer.
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Breast cancer has been considered as the most common malig-
nancy and is a major cause of cancer-related mortality among
females worldwide.'™ Attributed to the progress in the early
diagnosis and follow-up on effective treatments, the prognosis
of patients with breast cancer has been greatly improved. How-
ever, the incidence and mortality rate of breast cancer is still
increasing in developing countries.* Triple-negative breast can-
cer (TNBC) is a subtype of breast cancer accounting for 15% of
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breast cancer cases. Triple-negative breast cancer is character-
ized by the lack of estrogen receptor, progesterone receptor, and
low expression of human epidermal growth factor receptor 2.>
Despite high sensitivity toward chemotherapy, TNBC shows
more aggressive clinical behaviors and poorer prognosis than
other subtypes of breast cancer. Thus, it is urgent to explore the
molecular mechanisms underlying the progression of TNBC.

MicroRNAs (miRNAs) are characterized as small, single-
stranded noncoding RNAs with the length of 19 to 22 nucleo-
tides.””® Increasing evidence has indicated that miRNAs
negatively regulated gene expression via binding to the 3'-
untranslated region (UTR) of target messenger RNAs
(mRNAs), leading to the mRNA degradation or translation
inhibition.” Dysfunction of miRNAs has been found to be asso-
ciated with the initiation and progression of TNBC.'%!" For
example, miR-589 served as a tumor suppressor in TNBC by
targeting the metastasis-associated protein 2.'? Recent study
showed that the overexpression of miR-29b-3p promoted the
progression of TNBC via downregulating TNF Receptor Asso-
ciated Factor 3 (TRAF3) and activating nuclear factor-kappa B
signaling.'® Interestingly, an increasing body of evidence
demonstrated the tumor suppressive potential of miR-331-3p
in multiple cancers."*'” Highly expressed miR-331-3p sup-
pressed the epithelial-mesenchymal transition in non-small
cell lung cancer.'® The serum expression of miR-331-3p was
significantly decreased in patients with esophageal adenocarci-
noma with recurrence compared to those without.' The tumor
suppressive capacity of miR-331-3p was also demonstrated in
colorectal cancer, where overexpressed miR-331-3p inhibited
the cell proliferation and accelerated apoptosis.'® These results
demonstrated the antitumor effects of miR-331-3p in the devel-
opment of cancers; however, the expression and biological
function of miR-331-3p in TNBC has not yet been studied.

Neuropilin-2 (NRP2) is a member of the neuropilin family
of receptor proteins that modulates various cellular physiolo-
gical conditions including angiogenesis, migration, and prolif-
eration.”**! The overexpression of NRP2 has been found in
cancers and serves as an important prognostic marker for a
worse clinical outcome in patients with prostate cancer.?>>*
Downregulation of NRP2 inhibits cancer progression and
might benefit the outcome of patients with cancer.

In this study, we found that the expression of miR-331-3p was
decreased in TNBC tissues. Overexpression of miR-331-3p sup-
pressed the proliferation and induced apoptosis of TNBC cells.
Further mechanism study identified NRP2 as a target of miR-331-
3p, which was negatively regulated by miR-331-3p. Our findings
demonstrated the novel function of miR-331-3p/NRP2 axis in
regulating the malignant behaviors of TNBC cells, indicating the
potential of miR-331-3p in the treatment of TNBC.

Materials and Methods

Tissue Samples

Paired TNBC tissues and corresponding adjacent normal tis-
sues were collected from 50 patients who underwent surgical

resection. These patients did not receive chemotherapy or
radiotherapy before surgery. Tissues were stored at liquid nitro-
gen before further experiments. Written informed consents
were received from all patients.

Cell Culture and Transfection

Human TNBC cell lines including MDA-MB-231, BT-549,
MDA-MB-468, and HCC1937, and human normal breast
epithelial cell MCF-10A were obtained from the Chinese
Academy of Sciences (Shanghai, China). All cells were cul-
tured in Dulbecco Modified Eagle Medium (Gibco, Grand
Island, New York) containing 10% fetal bovine serum (Gibco)
with 1% of penicillin—streptomycin (Sigma-Aldrich, St Louis,
Missouri). Cells were maintained in a humidified incubator
containing 5% CO, at 37°C.

The miR-331-3p mimics and miRNA-control were purchased
from GeneCopoeia (Guangzhou, China). Cell transfection was
performed using Lipofectamine 2000 (Invitrogen, Carlsbad, Cali-
fornia) according to the manufacturer’s instructions. After trans-
fection for 48 hours, cells were harvested for further analysis.

Real-Time Quantitative Polymerase Chain Reaction

Total RNA was extracted from tissues or cells using Trizol
reagent (Invitrogen) following the manufacturer’s protocol.
The RNA concentration was measured using the NanoDrop
2000 (NanoDrop Technologies; Thermo Fisher Scientific, Inc,
Carlsbad, CA, USA). RNA was converted into complementary
DNA (cDNA) using the miRNA cDNA Synthesis Kit (Tiangen,
Beijing, China) according to the guidelines. The level of miR-
331-3p was determined using the miRNA qPCR detection kit
(CoWin Biosciences Co, Ltd, Beijing, China) on the Light
Cycler 96 System (Roche Applied Science, Shanghai, China).
The polymerase chain reactions were performed as follows:
95°C for 30 seconds followed by 40 cycles of 95°C for 10
seconds and 60°C for 30 seconds. The relative expression of
miR-331-3p was normalized to that of U6 RNA and calculated
using the 2724€4 method.

Western Blot

Cells were washed twice with precold phosphate-buffered
saline (PBS) and lysed in Radioimmunoprecipitation assay
buffer (RIPA) buffer (Beyotime, Shanghai, China) on ice for
15 minutes. The protein concentration was quantified with the
bicinchoninic acid assay method (Beyotime). Proteins were
separated by 15% of sodium dodecyl sulphate-polyacrylamide
gel electrophoresis and subsequently transferred to the polyvi-
nylidene difluoride membrane (Merck KGaA, Darmstadt, Ger-
many). The membrane was blocked with 5% nonfat milk
followed by incubating with primary antibody against NRP2
(ab185710; Abcam) or glyceraldehyde 3-phosphate dehydro-
genase (ab181602; Abcam, Shanghai, China) at 4°C overnight.
After washing twice with Tris-buffered Saline+Tween 20
(TBST), the membrane was incubated with horseradish
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Figure 1. miR-331-3p was decreased in TNBC. A, Relative miR-331-3p expressions measured by RT-qPCR in TNBC tissues and paired
adjacent normal tissues. B, Analysis of miR-331-3p expression level in TNBC cells compared with MCF-10A cells. RT-qPCR indicates real-
time quantitative polymerase chain reaction; TNBC, triple-negative breast cancer.

peroxidase—conjugated secondary antibody for 1 hour at room
temperature. The signals were visualized with the enhanced
chemiluminescence reagent kit (Beyotime) according to the
manufacturer’s instructions.

Cell Counting Kit-8 Assay

Triple-negative breast cancer cells transfected with miR-331-
3p mimics or negative control miRNA were plated into 96-well
plate with the density of 2000 cells per well. The CCK-8 solu-
tion (Solarbio Science & Technology Co, Ltd, Beijing, China)
was added into the medium at the indicated time points and
incubated for additional 4 hours at 37°C with 5% CO,. The
absorbance of each well at 450 nm was determined with the
microplate reader (Bio-Rad, Hercules, California).

Cell Apoptosis

The apoptosis of TNBC cells was determined using the
Annexin V-Fluorescein Isothiocyanate (FITC) apoptosis detec-
tion kit (BioLegend, San Diego, California). Briefly, cells
transfected with miR-331-3p mimics or control miRNA were
collected and washed twice with precold PBS. Cells were then
resuspended in binding buffer and stained with Annexin V-
FITC and propidium iodide for 15 minutes in the dark. The
apoptosis ratio was analyzed with the flow cytometer (FACS-
can; BD Biosciences, Franklin Lakes, New Jersey).

Luciferase Reporter Assay

The fragments of NRP2 3’-UTR containing the wild-type or
mutated binding sites of miR-331-3p were amplified and
inserted into the pmiR-RB-Report luciferase vector (Promega
Corporation, Madison, Wisconsin). Cells were cotransfected

with miR-331-3p mimics or control miRNA with wild-type
or mutant pmiR-NRP2-3/-UTR. After transfection for 48 hours,
cells were harvested and the luciferase activity was determined
with the Dual-Luciferase reporter system (Promega Corpora-
tion) according to the manufacturer’s instructions. The lucifer-
ase activity of Renilla was detected for the normalization.

Statistical Analysis

Results were presented as mean + standard deviation. The
statistical analysis was determined with the GraphPad Prism
7.0 software (San Diego, CA, USA). The comparison between
groups was analyzed by 2-tailed Student ¢ test or 1-way anal-
ysis of variance followed by Tukey post hoc test. The analysis
for expression of miR-331-3p or NRP2 in TNBC tissues and
adjacent normal tissues was determined by the paired ¢ test. The
association between the level of miR-331-3p and the clinical
features of patients with TNBC was determined using the >
test. The correlation between the expression of miR-331-3p and
NRP2 was detected with Spearman correlation test. P < .05 was
considered as statistically significant.

Results

miR-331-3p Was Downregulated in TNBC Tissues
and Cell Lines

To investigate the role of miR-331-3p in TNBC, the expression
level of miR-331-3p was analyzed in 50 paired TNBC tissues
and adjacent normal tissues by real-time quantitative polymer-
ase chain reaction (RT-qPCR). The result showed that the level
of miR-331-3p was significantly lower in TNBC tissues than
that of the nontumor tissues (Figure 1A). Additionally, the
expression of miR-331-3p in TNBC cell lines including
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Table 1. Association Between the Level of miR-331-3p and Clinico-
pathological Characteristics of Patients With TNBC.

MiR-331-3p
Expression
Clinical Features Total Low High P Value
Age, years 445
<45 18 12 6
>45 32 20 12
Tumor size (cm) .022
>4 15 12 3
<4 35 20 15
TNM stage .015
I-I 25 13 12
I-1v 25 19 6
Lymph node metastasis .005
Positive 34 24 10
Negative 16 8 8

Abbreviation: TNBC, triple-negative breast cancer.

MDA-MB-231, BT-549, MDA-MB-468, and HCC1937 was
also obviously downregulated compared with that of the nor-
mal breast epithelial MCF-10A cells (Figure 1B). These results
indicated the downregulation of miR-331-3p in TNBC.

To further determine the clinical meaning of miR-331-3p
underexpression in TNBC, these 50 patients with TNBC
enrolled in this study were divided into low-miR-331-3p and
high-miR-331-3p expression group based on the median value
of miR-331-3p expression. The data showed that low miR-
331-3p expression was significantly correlated with the tumor
size, TNM stage, and lymph node metastasis of patients with
TNBC (Table 1). These results demonstrated the downregula-
tion of miR-331-3p might play a role in the malignancy of
TNBC.

Overexpression of miR-331-3p Inhibited the
Proliferation of TNBC Cells

To determine the function of miR-331-3p in the development
of TNBC, miR-331-3p was overexpressed by transfecting miR-
331-3p mimics into both MDA-MB-231 and HCC1937 cells.
The overexpression of miR-331-3p was confirmed by RT-
gPCR assay (Figure 2A). The influence of miR-331-3p on the
proliferation of TNBC cells was evaluated by the CCK-8 assay.
Overexpression of miR-331-3p significantly decreased the pro-
liferation of both MDA-MB-231 and HCC1937 cells compared
with the cells expressing negative control miRNA (Figure 2B
and C). To detect whether the growth defects of TNBC cells
with miR-331-3p was associated with cell apoptosis, the apop-
totic rate of cells with or without overexpressed miR-331-3p
was assessed by fluorescence-activated cell sorting analysis.
The result indicated that transfection of miR-331-3p markedly
increased the apoptosis percentage of both MDA-MB-231 and
HCC1937 cells (Figure 2D). Meanwhile, the soft agar colony
formation was also performed with TNBC cells expressing
miR-331-3p mimics or miR-control. As indicated in

Figure 2E, the overexpression of miR-331-3p significantly
decreased the number of colonies, confirming the
proliferation-repressing function of miR-331-3p. Collectively,
these data suggested the tumor suppressive role of miR-331-3p
in modulating the growth of TNBC cells.

Neuropilin-2 Was a Target of miR-331-3p in TNBC Cells

To explore the underlying mechanism by which miR-331-3p
regulated TNBC cell proliferation, the potential targets of miR-
331-3p were predicted using the bioinformatics tools (http://
www.mirdb.org/). Notably, complementary binding sites of
miR-331-3p was found in the 3’-UTR of NRP2 (Figure 3A).
To further investigate the relationship between miR-331-3p
and NRP2, the expression of NRP2 in TNBC tissues and
matched adjacent normal tissues was determined by RT-
gPCR. As indicated in Figure 3B, the mRNA level of NRP2
was significantly increased in TNBC tissues in comparison
with the noncancerous tissues. Furthermore, the correlation
between the expression of NRP2 and miR-331-3p was also
analyzed using the Spearman correlation test. The data showed
that the level of NRP2 was inversely correlated with that of
miR-331-3p in TNBC tissues (Figure 3C).

To validate whether NRP2 was a target of miR-331-3p in
TNBC, luciferase report assay was performed by transfecting
luciferase vector carrying wild-type or mutated 3’-UTR of
NRP2 and miR-331-3p mimics. The results demonstrated that
overexpression of miR-331-3p significantly decreased the luci-
ferase activity of wild-type but not mutated 3’-UTR of NRP2
(Figure 3D and E). A similar result was also obtained in
HEK293 cells (Supplementary Figure 1A). To determine
whether the interaction of miR-331-3p with the 3’-UTR of
NRP2 affected the mRNA stability of NRP2, RT-qPCR assay
was performed with MDA-MB-231 and HCC1937 cells
expressing miR-331-3p mimics. As presented in Figure 3F, the
overexpression of miR-331-3p obviously reduced the mRNA
level of NRP2 in TNBC cells. Consistently, the protein level of
NRP2 was also decreased with the transfection of miR-331-3p
compared with the control cells (Figure 3G). Taken together,
these results suggested that NRP2 was directly targeted and
suppressed by miR-331-3p in TNBC cells.

Restoration of NRP2 Reversed the Suppressive Role
of miR-331-3p in TNBC

To further determine the functional significance of NRP2 in
miR-331-3p-induced phenotype, NRP2 was overexpressed by
transfecting pcDNA-Myc-NRP2 into MDA-MB-231 and
HCC1937 cells. The expression level of Myc-tagged NRP2
was examined by Western blot with anti-Myc antibody
(Figure 4A). The CCK-8 assay revealed that restoration of
NRP2 significantly abrogated the inhibitory effect of miR-
331-3p on the proliferation of TNBC cells (Figure 4B and
C). This finding demonstrated that reconstitution of NRP2 res-
cued miR-331-3p-mediated inhibition in TNBC cells. To fur-
ther support this conclusion, colony formation assay was
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Figure 2. Overexpression of miR-331-3p inhibited the growth of TNBC cells. A, Both MDA-MB-231 and HCC-1937 cells were transfected
with miR-331-3p mimics or miR-control. The expression of miR-331-3p was detected by RT-qPCR. B and C, CCK-8 assay was applied to
determine the activity of TNBC cells after transfection of miR-331-3p. D, Overexpression of miR-331-3p increased the apoptosis of TNBC
cells. E, Transfection of miR-331-3p inhibited the colony formation of MDA-MB-231 and HCC-1937 cells. CCK-8 indicates cell counting kit-8;
RT-qPCR, real-time quantitative polymerase chain reaction; TNBC, triple-negative breast cancer.

performed by cotransfecting miR-331-3p mimics and Myc-
NRP2. As indicated in Figure 4D, the overexpression of
miR-331-3p reduced the colony formation of TNBC cells,
while reintroducing of NRP2 significantly restored miR-331-
3p-medited growth repression of TNBC cells. These results
indicated that miR-331-3p inhibited the malignant behaviors
of TNBC cells partially via targeting NRP2.

Discussion

Increasing evidence has identified the key function of miRNAs
in the malignancy of cancers by acting as tumor suppressors or
oncogenes.”>* The role of miR-331-3p in tumor development
has recently drawn wide attention. It was reported that miR-331-
3p suppressed the proliferation of colorectal cancer cells via
targeting the HER2 through the PI3K/Akt and Extracellular sig-
nal-regulated protein kinases 1 and 2 (ERK1/2) pathways.'® In
gastric cancer, miR-331-3p directly targeted E2F1 and induced
cell growth defects.”’ miR-331-3p was found to attenuate the
epithelial-mesenchymal transition by regulating ErbB2 and
VAV2 in non-small cell lung cancer.'® These findings suggested
the tumor suppressive role of miR-331-3p in the development of

cancers. However, little is known about the biological function
and molecular mechanism of miR-331-3p in TNBC.

In this study, our results showed the decreased expression
of miR-331-3p in TNBC tissues, which was significantly cor-
related with the advanced progression of patients with TNBC.
These findings indicated that the dysfunction of miR-331-3p
might play a role in the development of TNBC. Further study
is necessary to clarify the underlying mechanism by which
miR-331-3p was underexpressed in TNBC. A recent study
found that the serum miR-331-3p was associated with the
postoperative survival of patients with hepatocellular carci-
noma (HCC) and can be regarded as an independent prognos-
tic factor for the patients with HCC.>® To evaluate the clinical
significance of miR-331-3p in TNBC, the expression of miR-
331-3p with the 5-year overall survival rate of patients with
TNBC is an interesting question to be answered. Notably,
different from what we obtained in the present study, previous
studies also demonstrated the oncogenic function of miR-331-
3p in the progression of cancers.*' For example, miR-331-3p
was a tumor-promoting miRNA in prostate cancer and a pro-
mising biomarker of prostate cancer.*? It was also found that
miR-331-3p facilitated the proliferation and metastasis of
HCC by targeting PH domain and leucine-rich repeat protein
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phosphatase.®>® These results indicated the tumor-promoting proliferation and induced apoptosis of TNBC cells, suggest-
function of miR-331-3p in these cancers. However, in this ing the tumor suppressive role of miR-331-3p in TNBC. In
study, the overexpression of miR-331-3p inhibited the addition to what we have obtained in this study, the inhibitory
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function of miR-331-3p in the progression of TNBC needs to
be confirmed by in vivo study. Considering the role of miR-
331-3p in different cancers, the tumor suppressive or onco-
genic function of miR-331-3p might be associated with the
cancer type.

Neuropilins play a major role in signal transduction due to
their ability to interact with multiple tyrosine kinase—associated
receptors.®* Neuropilin-2 was found as a coreceptor for
Vascular endothelial growth factor-C (VEGF-C) and D and
interacted with Ligand-induced vascular endothelial growth
factor receptor-3 (VEGFR-3).%*3° Overexpression of NRP2
was primarily associated with increase angiogenesis and
tumor cell survival>**%** Therefore, blocking the activity of
NRP2 is a promising strategy to inhibit the growth of cancer
cells. Neuropilin-2 has been verified as a direct target of
miRNAs in human cancers. miR-486-5p inhibited the tumor
growth and lymphangiogenesis of colorectal cancer by
targeting NRP2.** It was also showed that miR-15b and miR-
152 suppressed the invasion and angiogenesis of glioma cells
via modulating the expression of NRP2.** Additionally, NRP2
was also targeted by miR-1247 and mediated the suppressive
role of miR-1247 in pancreatic cancer.*” In this study, our
results identified NRP2 as a target of miR-331-3p and
negatively regulated by miR-331-3p. To further demonstrate
the functional mechanism of NRP2 in TNBC, the effects on
VEGF signaling, the downstream target of NRP2, by miR-331-
3p encourage future study. Overexpression of NRP2 was found
in TNBC tissues, which was, significantly, negatively
correlated with that of miR-331-3p. To provide more

evidence about the significance of NRP2 in TNBC, the
correlation between the expression of NRP2 with the clinical
features as well as the prognosis of patients with TNBC needs
further investigation. Our results demonstrated the novel
mechanism of miR-331-3p/NRP2 axis in the progression of
TNBC. Consistently, previous data also indicated the
negative regulation of NRP2 by miR-331-3p in cervical
cancer and glioblastoma, suggesting the general function of
miR-331-3p/NRP2 signaling in the development of cancers.

In conclusions, our results revealed the downregulation
of miR-331-3p in TNBC that was associated with the
advanced progression of patients with TNBC. miR-331-3p
inhibited the malignancy of TNBC at least via targeting
NRP2. Therefore, miR-331-3p might be a promising thera-
peutic target for TNBC.
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