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LRP11-AS1 promotes the proliferation
and migration of triple negative breast cancer
cells via the miR-149-3p/NRP2 axis
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Abstract

Background: Breast cancer is the most commonly diagnosed cancer in women. Triple negative breast cancer (TNBC)
is the most difficult subtype of breast cancer to treat due to the deficiency in drug-targetable receptors. LRP11-AS1, a
newly identified oncogenic long noncoding RNA (IncRNA) was found to be significantly overexpressed in TNBC cells.
The aim of this study is to investigate the malignant roles and the oncogenic mechanisms of LRP11-AST in TNBC.

Methods: CCK-8, colony formation, transwell migration and transwell invasion assays were performed to study the
functions of LRP11-AS1. Quantitative PCR and western blot were used to determine the gene expression. Bioinformat-
ics analysis and dual-luciferase reporter assay were conducted to study INncCRNA and miRNA interactions.

Results: LRP11-AS1 was found to be significantly overexpressed in TNBC cells compared to the non-TNBC cells and
normal mammary epithelial cells. Knockdown of LRP11-AS1 could inhibit the growth and metastasis of TNBC cells and
regulate cell cycle. Mechanistically, LRP11-AS1 was found to act as a competing endogenous RNA (ceRNA) to sponge
miR-149-3p. Silencing of LRP11-AS1 increased the expression of miR-149-3p and overexpression of miR-149-3p
suppressed the expression of LRP11-AS1. Inhibition of miR-149-3p could reverse the anticancer effect of LRP11-AST
deficiency in TNBC cells. Moreover, Neuropilin-2 (NRP2) was found to be the target of miR-149-3p. Rescue experiments
revealed that NRP2 overexpression could rescue the anticancer effect of LRP11-AS1 deficiency in TNBC cells.

Conclusion: LRP11-AST overexpressed in TNBC showed the oncogenic effects possibly by sponging miR-149-3p and
regulating the miR-149-3p/NRP2 axis, which indicated LRP11-AS1 as a potential diagnostic biomarker and therapeutic
target in TNBC.
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Background

Breast cancer is the most frequently diagnosed cancer
in women. In 2020, female breast cancer has surpassed
lung cancer as the most commonly diagnosed cancer,
with an estimation of 2.3 million new cases, leading to
the death of 680,000 patients worldwide [1]. Treatment
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of breast cancer is a multidisciplinary management,
including surgery, radiation and medical therapy.
Medical treatment such as chemotherapy, endocrine
therapy or HER-2 directed therapy is determined by
factors including disease stage, hormone receptor sta-
tus, lymph node involvement and tumor size [2]. Triple
negative breast cancer (TNBC) is a subtype of breast
cancer defined by a deficiency in estrogen, progester-
one and HER2 receptors. TNBC was highly aggressive
with high recurrence and organ metastasis rate. Due to
the lack of drug-targetable receptors, chemotherapy is
the only recommended systemic treatment of TNBC,
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inevitably with resistance and relapse. New diagnostic
biomarkers and drug targets are needed for the treat-
ment of this type of breast cancer [3, 4].

LncRNAs are long noncoding RNAs with more than
200 nucleotides, functioning as master regulators of
gene expression in various biological events and disease
processes including cancer. They could regulate the
targeted genes in the transcriptional or post-transcrip-
tional levels [5]. A recent “competing endogenous RNA
(ceRNA)” hypothesis proposed that IncRNA could
regulate gene expression by sequestering microRNAs
(miRNAs) to control their concentration within the cell
and act as a negative regulator of miRNAs and there-
fore, a positive regulator of the targeted gene expres-
sion [6, 7]. ENSG00000273132, located at chromosome
6 is a novel long noncoding RNA (IncRNA) antisense
to low-density lipoprotein (LDL) receptor related pro-
tein 11 (LRP11). We here named it LRP11 antisense
RNA 1 (LRP11-AS1). This IncRNA was reported to be
overexpressed in papillary thyroid cancer [8]. However,
to date, the expression of LRP11-AS1 in other cancer
apart from thyroid cancer has not been investigated.
We analyzed the expression of LRP11-AS1 in the cell
lines of different cancer types. Interestingly, we found
that LRP11-AS1 was significantly overexpressed in
TNBC cells as compared to the non-TNBC cells and the
normal mammary epithelial cells. The roles of LRP11-
AS1 played in TNBC and the possible mechanisms of
its oncogenic behavior are therefore investigated here.

On the basis of target prediction using bioinformat-
ics analyses, LRP11-AS1 may serve as a ceRNA for
miR-149-3p. miR-149-3p was reported to be a tumor
suppressive miRNA in breast cancer. The expression of
miR-149-3p was reported to be decreased in the clini-
cal samples of breast cancer. Inhibition of miR-149-3p
could promote the proliferation, invasion and migra-
tion of breast cancer cells [9, 10]. Moreover, online bio-
informatics analysis tool TargetScan (http://www.targe
tscan.org/vert_72/) predicted Neuropilin-2 (NRP2) as
one potential target of miR-149-3p. NRP2 is a mem-
ber of neuropilin family, which are cell surface antigens
that bind to vascular endothelial growth factor (VEGF).
NRP2 was found to be involved in multiple cellular
physiological functions including proliferation, angio-
genesis and migration [11-13]. It was found to be over-
expressed in invasive breast cancer and TNBC, and was
correlated with lymph node metastasis [12, 14].

In this work, we explored the relationships among
LRP11-AS1, miR-149-3p and NRP2 in triple negative
breast cancer cells. Our findings may provide a poten-
tial diagnostic biomarker and therapeutic target in
TNBC.
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Materials and methods

Cell culture and transfection

MDA-MB-231, MDA-MB-468, MCF7 and MCF10A cells
were purchased from cell bank of Chinese Academy of
Sciences (Shanghai, China). Cells were cultured in RPMI
1640 (8121465, Gibco, USA) with 10% Foetal Bovine
Serum (FBS, 1709A, Bovogen, Australia) and 1% penicil-
lin—streptomycin (25200-056, Gibco, USA) at 37 °C in
an incubator in a saturated humidified atmosphere sup-
plied with 5% CO,. MCF10A was cultured in the same
cell culture conditions but with 20% FBS. Knockdown of
LRP11-AS1 was performed by transiently transfected the
cells with smart silencer (RIBOBIO, China) using lipo-
fectamine 2000 (2067563, Invitrogen, USA) according to
the manufacturer’s protocol. Smart silencer is a mixture of
3 siRNAs and 3 antisense oligonucleotides. The targeted
sequences of siRNAs were 5-CCAGCAGACCTAGCT
GCCA-3, 5-CTAGCTGCCAGCAGTGACA-3, 5'-CAT
CCTTTTCTGAGAAAGA-3'. The targeted sequences
of antisense oligonucleotides were 5-GACAACATG
CGTTACCTTCA-3, 5-TGCAGCAGTGCCCACTCA
TA-3/, 5"-TGGTCATCTGTGCTCTCGCG-3'. Overex-
pression of LRP11-AS1 was conducted using lentivirus.
The virus were packed with packaging plasmid psPAX2,
pMD2.G and PHBLVTM, and recombinant plasmid
pHBLV-CMV-MCS-EF1-ZsGreen-T2A-Puro  encoding
the sequence of LRP11-AS1 (ENSG00000273132, Han-
bio Biotechnology, China). NRP2 overexpression plas-
mid (HG10695-CF) and control plasmid (CV012) were
purchased from Sino Biological (Beijing, China). miRNA
mimics and inhibitors were purchased from RIBOBIO
(Guangzhou, China). Cells were transfected using lipo-
fectamine 2000 (2067563, Invitrogen, USA) according to
the manufacturer’s instructions.

Cell proliferation and colony formation assay

A total of 5000 cells/well in 100 uL of culture media were
seeded in the 96-well plate. CCK-8 reagent (HB-CCKS8-1,
Hanbio Biotechnology, China) was used to determine cell
proliferation according to the manufacturer’s instruc-
tions. OD450 was determined at different time points
(day 0, 1, 2,3 and 4 for the knockdown study and day 0, 1,
2 and 3 for the overexpression study) after CCK-8 incu-
bation. Colony formation was performed by seeding cells
in 6-well plate and allowed to grow for 8 days followed by
fixing with methanol and staining with crystal violet. The
cell number seeded in the well was as follows: A number
of 5000 cells/well of MDA-MB-468 cells were seeded. A
number of 3000 cells/well of MDA-MB-231 cells were
seeded except for the LRP11-AS1 overexpression experi-
ment, 2000 cells/well were seeded. The media used in the
colony formation assay were 2 mL/well.


http://www.targetscan.org/vert_72/
http://www.targetscan.org/vert_72/

Li et al. Cancer Cell International (2022) 22:116

Page 30f 18

1701 *
120+

1.5 ns
1.0-

0.5+
0.0-

Relative expressoin of LRP11-AS1

A N >
& F
© S S
g &

& 8

Normal Non-TNBC TNBC

MDA-MB-231
0.25+

-~ NC
-% LRP11-AS1 KD

0.20+

0.154

0.10-

0.05

Relative cell proliferation

™ —

0.00 T T T

m

MDA-MB-231

et
o
]

-o- \ec
044 —= LRP11-AS1OE

Tkk

[
w
1

o
N
1

Relative cell proliferation
(=4
-
1

g
(-
W -

0 1 2
Day

Fig.1 LRP11-AS1 promoted the growth and metastasis of TNBC cells and regulated cell cycle. A LRP11-AS1 was found to be overexpressed in
TNBC cells. The expression of LRP11-AS1 was evaluated by qPCR. B LRP11-AS1 was knocked down in TNBC cells. The expression of LRP11-AS1 was
evaluated by gPCR. C Knockdown of LRP11-AS1 inhibited the proliferation of TNBC cells. CCK-8 assay was performed to determine the proliferation
of TNBC cells. D LRP11-AS1 was overexpressed in TNBC cells. The expression of LRP11-AS1 was evaluated by gPCR. E Overexpression of LRP11-AS1
promoted the proliferation of TNBC cells. F Colony formation assay of TNBC cells knocked down with LRP11-AS1 or overexpressed with LRP11-AST.
G Knockdown of LRP11-AS1 inhibited the soft agar colony formation of TNBC cells. Bar= 100 um, the images were taken under 4X magnification.
H, I Knockdown of LRP11-AS1 induced cell cycle arrest of TNBC cells. J, K Knockdown of LRP11-AS1 downregulated cell cycle checkpoint cyclin D1
and p21. Western blot results were shown in J and quantitation of western blots was shown in K. L Silencing of LRP11-AS1 inhibited the migration
and invasion of TNBC cells. The images were taken under x4 magnification. M Overexpression of LRP11-AS1 enhanced the migration and invasion
of TNBC cells. The images were taken under x4 magnification. Data were presented as mean = SD. Statistic significant differences were indicated as

*P<0.05, **P<0.01, ***P <0.001
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Fig. 1 continued

Soft agar colony formation assay

The base agar layer consisted of 0.5% of low-gelling-point
agarose (C12595402, Macklin, China) in culture medium.
Top agar layer consisting of 0.3% of low-gelling-point

agarose in culture medium with 6000/well of transfected
MDA-MB-231 or MDA-MB-468 cells were plated on
top of the base agar in 6-well plate. Cells were allowed to
grow for 14 days before taking photos under microscope.
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Fig. 1 continued

Migration and invasion assay

For cell migration assay, 5x 1074 cells/well of MDA-
MB-231 or 1x 1075 cells/well of MDA-MB-468 cells
were seeded into the upper chamber of the transwell
insert (725301, NEST) in RPMI medium without FBS.
The lower chamber was added with RPMI medium with
10% EBS. Cells were allowed to migrate for 24 h. After
that, the cells in the upper chamber of the insert were
removed and the migrated cells at the bottom of the
insert membrane were fixed with methanol and stained
with crystal violet. For cell invasion assay, the membrane
of the transwell insert was coated with Matrigel (354234,
Corning,) according to the manufacturer’s instructions.
A total of 8 x 1074 cells/well of MDA-MB-231 cells were
seeded in the upper chamber of the insert. Other condi-
tions were the same as cell migration assay.

Wound healing assay

A total of 4x 1075 cells/well of transfected MDA-
MB-231 cells or a total of 6 x 1075 cells/well of trans-
fected MDA-MB-468 cells were seeded in 12-well plate
for 24 h. Wound was scratched using a 100uL tip. The
cells were allowed to migrate for 24 h. Images were
taken at 0 h and 24 h after wound scratching.

Western blot

Cell lysate was prepared with RIPA lysis buffer supple-
mented with 1 x protease inhibitor (70090050, Biosharp,
China) and 1 x phosphatase inhibitor (70080020,
Biosharp, China) at 4 °C. Western blot was performed
according to the common protocol. The primary anti-
bodies used were anti-cyclin D1 antibody (92G2, Cell
Signaling Technology), anti-NRP2 antibody (D39A5, Cell

(See figure on next page.)

Fig. 2 miR-149-3p was the target of LRP11-AS1 in TNBC. A The expression of miR-149-3p was found to be downregulated in TNBC cells and

negatively correlated to LRP11-AS1. The expression of miR-149-3p was evaluated by gPCR. B Knockdown of LRP11-AS1 increased the expression of
miR-149-3p in TNBC cells. C Overexpression of miR-149-3p decreased the expression of LRP11-AS1 in TNBC cells. D The predicted binding sequence
between LRP11-AS1 and miR-149-3p. E, F Dual-luciferase reporter assay of the interaction between LRP11-AST and miR-149-3p. Cells were
co-transfected with miRNA mimics and the dual-luciferase reporter plasmid. Luciferase activity was measured at 48 h post-transfection. Data were
presented as mean = SD. Statistic significant differences were indicated as *P <0.05, **P < 0.01, ***P <0.001
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Fig. 3 Overexpression of miR-149-3p inhibited the growth and metastasis of TNBC cells. A miR-149-3p was overexpressed in TNBC cells. The
expression of miR-149-3p was evaluated by qgPCR. B, C Overexpression of miR-149-3p inhibited the proliferation of TNBC cells. CCK-8 assay was
performed to determine the proliferation of TNBC cells. D, E Inhibition of miR-149-3p promoted the proliferation of TNBC cells. F Overexpression of
miR-149-3p abrogated the colony formation ability of TNBC cells. G Overexpression of miR-149-3p attenuated the migration and invasion ability of
TNBC cells. The images were taken under x4 magnification. Data were presented as mean = SD. Statistic significant differences were indicated as

*P<0.05, **P <0.01, ***P <0.001
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Signaling Technology), anti-p21 antibody (12D1, Cell
Signaling Technology) and anti-GAPDH (D16H11, Cell
Signaling Technology) with a dilution of 1:1000. Anti-
rabbit secondary antibody (7074S, Cell Signaling Tech-
nology) was used with a dilution of 1:3000.

RNA extraction, reverse transcription and quantitative PCR
(qPCR)

Extraction of total RNA and miRNA was conducted
using RNA extraction kit (DP419, DP501, Tian-
gen, China). Reverse transcription of total RNA and
miRNA was conducted using reverse transcription
kits (RR037A, Takara and KR211, Tiangen). qPCR was
performed using LightCycler 480 instrument (Roche)
and SYBR green qPCR kit (AG11701, Accurate Biol-
ogy, China). The primers used in the qPCR assays were:
LRP11-AS1 forward: 5-CTAGCTGCCAGCAGTGAC
AA-3, LRP11-AS1 reverse: 5-GCGAGAGCACAG
ATGACCAC-3; p-actin forward: 5-TGGCATCCA
CGAAACTACCT-3, p-actin reverse: 5-ACGGAG
TACTTGCGCTCAG-3'; NRP2 forward: 5-GTGGAC
CTGCGCTTTTTAACC-3/, NRP2 reverse: 5-GCC
ATTCTGTGTTTCCCTGG-3'. The forward and
reversed primers for the quantitation of miR-149-3p
was designed and synthesized by Tiangen. The primers
for the quantitation of U6 were: U6 forward: 5-AAC
GCTTCACGAATTTGCGT-3, U6 reverse: 5-CTC
GCTTCGGCAGCACA-3'.

Flow cytometry

A total of 1x 1075 cells/well were seeded in 12-well
plate for 24 h before transfection with smart silencer
for 72 h followed by cell cycle analysis using cell cycle
analysis kit from BD (550825). BD FACSCanto II flow
cytometry was used as assay system.

Dual-luciferase reporter assay

Fragments of LRP11-AS1 containing the binding site
of miR-149-3p or the mutant sequence were synthe-
sized and sub-cloned into the pmirGLO dual-lucif-
erase reporter plasmid (GENEWIZ, China). Cells were
seeded in 24-well plate at a density of 5x 10”4 cells/
well for 24 h before co-transfection with miR-149-3p

Page 10 of 18

mimics or mimics NC and the wild type dual-luciferase
reporter plasmid or the mutant plasmid. Luciferase
activity was determined at 48 h post-transfection using
the Dual-Luciferase Reporter Assay System (E1910,
Promega). Fragments of the 3’-untranslated region
(3”-UTR) of NRP2 containing the binding site of miR-
149-3p or the mutant sequence were synthesized and
sub-cloned into the pmirGLO dual-luciferase reporter
plasmid (GENEWIZ, China). Other experiment condi-
tions were the same.

Statistical analysis

All quantitative results were presented as the
mean +standard deviation (SD). The Student’s t-test
(two-sided) was used to compare the statistical signifi-
cance between two groups using Prism. Differences were
considered significant as *P <0.05; **P <0.01, ***P < 0.001.

Results

LRP11-AS1 promoted the growth and metastasis of TNBC
cells and regulated cell cycle

In our previous research, LRP11-AS1 was found to be an
oncogenic IncRNA in thyroid cancer. The role of LRP11-
ASI1 in breast cancer was investigated here. As shown in
Fig. 1A, LRP11-AS1 was found to be overexpressed in
TNBC cell line MDA-MB-231 and MDA-MB-468 com-
pared to the non-TNBC cell line MCF7 and the mammary
epithelial cell line MCF10A. Knockdown of LRP11-
AS1 (Fig. 1B) inhibited the proliferation of TNBC cells
(Fig. 1C and Additional file 1: Fig. S1). Overexpression
of LRP11-AS1 (Fig. 1D) promoted the proliferation of
TNBC cells (Fig. 1E and Additional file 1: Fig. S2). Silenc-
ing of LRP11-AS1 inhibited whereas overexpression pro-
moted the colony formation of TNBC cells (Fig. 1F and
Additional file 1: Fig. S3). Silencing of LRP11-AS1 also
inhibited the soft agar colony formation of TNBC cells
(Fig. 1G). Cell cycle analysis indicated that silencing of
LRP11-AS1 inhibited cell cycle G1/S transition of MDA-
MB-231 cells (Fig. 1H) and inhibited cell cycle S/G2 tran-
sition of MDA-MB-468 cells (Fig. 1I). The expression of
cyclin D1 was downregulated after the knockdown of
LRP11-AS1 in both MDA-MB-231 and MDA-MB-468
cells. The expression of p21 was suppressed after the
knockdown of LRP11-AS1 in MDA-MB-231. The basal

(See figure on next page.)

Fig. 4 miR-149-3p inhibition reversed the anticancer effect of LRP11-AS1 deficiency in TNBC cells. A, B miR-149-3p inhibition partially reversed the
inhibitory effect of LRP11-AS1 knockdown on the proliferation of TNBC. € miR-149-3p inhibition partially reversed the inhibitory effect of LRP11-AS1
knockdown on the colony formation of TNBC. D Inhibition of miR-149-3p partially restored the anticancer effect on the migration and invasion by
LRP11-AS1 knockdown. The images were taken under x4 magnification. Data were presented as mean =% SD. Statistic significant differences were

indicated as *P <0.05, **P <0.01, **P <0.001
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expression of p21 in MDA-MB-468 was low (Fig. 1] and
1K). The effect of LRP11-AS1 on the metastasis of TNBC
cells was evaluated. Knockdown of LRP11-AS1 inhib-
ited the migration and invasion of TNBC cells (Fig. 1L
and Additional file 1: Fig. S4). Overexpression of LRP11-
AS1 promoted the migration and invasion of TNBC cells
(Fig. 1M and Additional file 1: Fig. S5). Knockdown of
LRP11-AS1 also inhibited the wound healing migration
of TNBC cells (Additional file 1: Fig. S6). These results
suggested that LRP11-AS1 could promote the growth
and migration of TNBC cells and also regulate cell cycle.

miR-149-3p was the target of LRP11-AS1 in TNBC

Bioinformatics analysis was performed to investigate the
possible binding target of LRP11-AS1. The possible inter-
acting miRNAs were predicted by LncRNASNP2 (http://
bioinfo life.hust.edu.cn/IncRNASNP#!/) and the miRNAs
with binding energy less than -20 were shown in Addi-
tional file 1: Fig. S7. After searching the biological func-
tions of these miRNAs, miR-149-3p, miR-338-3p and
miR-4508 were selected for further study since they were
reported to be involved in cell growth, migration or as a
tumor suppressive miRNA in breast cancer [9, 15, 16].
Figure 2A showed that TNBC cell line MDA-MB-231
and MDA-MB-468 showed significantly lower expres-
sion of miR-149-3p compared to the mammary epithe-
lial cell line MCF10A. Even though LRP11-AS1 was not

upregulated in MCF7, the expression of miR-149-3p was
low in this cell line, which may be due to the regulation of
other upstream regulators. Knockdown of LRP11-AS1 in
TNBC cells upregulated the expression of the tumor sup-
pressive miR-149-3p (Fig. 2B). Moreover, overexpression
of miR-149-3p in TNBC cells suppressed the expression
of LRP11-AS1 (Fig. 2C). Knockdown of LRP11-AS1 did
not regulate the expression of miR-338-3p nor miR-4508,
which were not investigated further. Dual-luciferase
reporter assay was performed to investigate the binding
between LRP11-AS1 and miR-149-3p. Figure 2D exhib-
ited the possible binding sequence between LRP11-AS1
and miR-149-3p predicted by bioinformatics analysis.
Figure 2E and F indicated that miR-149-3p could bind to
LRP11-AS1 at the predicted binding site. These results
indicated that miR-149-3p was a target of LRP11-AS1 in
TNBC cells.

Overexpression of miR-149-3p inhibited the growth

and metastasis of TNBC cells

The effect of miR-149-3p on the growth and metastasis of
TNBC was investigated. miR-149-3p was overexpressed
in TNBC cells (Fig. 3A). Figure 3B and C showed that
overexpression of miR-149-3p inhibited the proliferation
of TNBC cells. Figure 3D and E showed that inhibition
of miR-149-3p by inhibitors enhanced the proliferation
of TNBC cells. Moreover, overexpression of miR-149-3p
inhibited the colony formation (Fig. 3F), migration and

(See figure on next page.)

Fig. 5 NRP2 was a target of miR-149-3p and LRP11-AS1 regulated NRP2 through miR-149-3p. A NRP2 was found to be overexpressed in TNBC cells
compared to the non-TNBC cells and normal mammary epithelial cells. The expression of NRP2 was evaluated by western blot. B The predicted
binding sequence between NRP2 and miR-149-3p. C, D Dual-luciferase reporter assay of the interaction between NRP2 and miR-149-3p. Cells
were co-transfected with miRNA mimics and the dual-luciferase reporter plasmid. Luciferase activity was measured at 48 h post-transfection. E
Overexpression of miR-149-3p downregulated the expression of NRP2 mRNA. The expression of NRP2 was evaluated by gPCR. F, G Overexpression
of miR-149-3p downregulated the expression of NRP2 protein. The expression of NRP2 was evaluated by western blot. H Knockdown of LRP11-AS1
downregulated the expression of NRP2 mRNA. The expression of NRP2 was evaluated by gPCR. I, J Knockdown of LRP11-AS1 downregulated

the expression of NRP2 protein. The expression of NRP2 was evaluated by western blot. K, L LRP11-AS1 regulated the expression of NRP2

mRNA through miR-149-3p. The expression of NRP2 was evaluated by gPCR. M, N LRP11-AS1 regulated the expression of NRP2 protein through
miR-149-3p. The expression of NRP2 was evaluated by western blot. Data were presented as mean = SD. Statistic significant differences were

indicated as *P < 0.05, **P <0.01, ***P < 0.001
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invasion (Fig. 3G) of TNBC cells. And miR-149-3p inhib-
itor promoted the migration and invasion of TNBC cells
(Additional file 1: Fig. S8).

miR-149-3p inhibition reversed the anticancer effect

of LRP11-AS1 deficiency in TNBC cells

Rescue experiments were performed to investigate
whether LRP11-AS1 promoted the growth and metas-
tasis of TNBC cells by targeting miR-149-3p. Inhibition

of miR-149-3p partially reversed the inhibitory effect of
LRP11-AS1 deficiency on cell proliferation (Fig. 4A and
B) and colony formation (Fig. 4C) in TNBC cells. Fig-
ure 4D exhibited that inhibition of miR-149-3p partially
restored the inhibitory effect of LRP11-AS1 knockdown
on the migration and invasion of TNBC cells. These
results indicated that knockdown of LRP11-AS1 inhib-
ited the growth and metastasis of TNBC cells by target-
ing miR-149-3p.
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Fig. 6 Overexpression of NRP2 reversed the anticancer effect of LRP11-AS1 deficiency in TNBC cells. A Overexpression of NRP2 in TNBC cells.
MDA-MB-231 cells were transfected with NRP2 or vector control plasmid. The expression of NRP2 was evaluated by western blot. B Overexpression
of NRP2 partially reversed the inhibitory effect of LRP11-AS1 deficiency on cell proliferation. CCK-8 assay was performed to determine the
proliferation of TNBC cells. C Overexpression of NRP2 partially reversed the inhibition of the colony formation by LRP11-AS1 knockdown. D
Overexpression of NRP2 partially reversed the inhibition of the migration and invasion by LRP11-AS1 knockdown. The images were taken under x4
magnification. Data were presented as mean = SD. Statistic significant differences were indicated as *P <0.05, **P <0.01, ***P <0.001
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Fig. 7 LRP11-AS1 promoted the growth and metastasis of TNBC
cells by targeting the miR-149-3p/NRP2 axis. A graphic description
of the mechanisms underlying the oncogenic role of LRP11-AS1 in
TNBC cells. The overexpression of LRP11-AS1 in TNBC suppressed the
expression of miR-149-3p and therefore, enhanced the expression of
NRP2, which resulted in the promotion of the growth and metastasis
of TNBC cells. LRP11-AST exhibited the malignant behavior in TNBC
by sponging miR-149-3p and regulating the miR-149-3p/NRP2 axis

NRP2 was a target of miR-149-3p and LRP11-AS1 regulated
NRP2 through miR-149-3p

The downstream targets of miR-149-3p were predicted
using online bioinformatics analysis tool TargetScan
(http://www.targetscan.org/vert_72/). The top 10 pre-
dicted targets were listed in Additional file 1: Fig. S9.
The expression of the top 3 targets was measured after
the overexpression of miR-149-3p. The expression of the
3 targets were not significantly affected. Five more tar-
gets of miR-149-3p were selected among the top 2000
predicted targets according to TargetScan. These genes
were TP53, AKT2, MMP2, FOXC2 and NRP2, which
were reported to be involved in the proliferation, migra-
tion or invasion of cancers. Among these 5 predicted tar-
gets, Neuropilin-2 (NRP2) was the only gene found to be
regulated by miR-149-3p. Figure 5A showed the relative
expression of NRP2 in different cell lines. TNBC cell line
MDA-MB-231 and MDA-MB-468 showed higher expres-
sion of NRP2 compared to the non-TNBC cell line MCF7
and mammary epithelial cell line MCF10A. Figure 5B
represented the possible binding site on the 3’-untrans-
lated region (UTR) of NRP2 to miR-149-3p. Dual-lucif-
erase reporter assay indicated the binding of miR-149-3p
to NRP2 at the predicted binding site (Fig. 5C and D).
Overexpression of miR-149-3p downregulated the
mRNA (Fig. 5E) and protein (Fig. 5F and G) levels of
NRP2 in TNBC cells. Silencing of LRP11-AS1 inhibited
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the mRNA (Fig. 5H) and protein (Fig. 5] and J) expression
of NRP2 in TNBC cells. Rescue experiments indicated
that inhibition of miR-149-3p restored the suppression
of NRP2 by LRP11-AS1 knockdown in both of the tran-
scriptional (Fig. 5K and L) and translational (Fig. 5M and
5N) levels. These results suggested that NRP2 was a tar-
get of miR-149-3p and NRP2 was regulated by LRP11-
AS1 through miR-149-3p.

Overexpression of NRP2 reversed the anticancer effect

of LRP11-AS1 deficiency in TNBC cells

Since NRP2 was determined to be the target of miR-
149-3p and was regulated by LRP11-AS], rescue experi-
ments were performed by overexpressing NRP2 in TNBC
cells. Figure 6A showed the overexpression of NRP2
in MDA-MB-231 cells. The overexpression of NRP2
in MDA-MB-468 was insignificant. Overexpression of
NRP2 partially rescued the inhibitory effect of LRP11-
AS1 deficiency on cell proliferation (Fig. 6B). Overex-
pression of NRP2 also partially rescued the inhibitory
effect of LRP11-AS1 deficiency on the colony formation
(Fig. 6C), migration and invasion (Fig. 6D) of TNBC
cells. These results indicated that knockdown of LRP11-
AS1 inhibited the growth and metastasis of TNBC cells
by inhibiting NRP2. LRP11-AS1 that was overexpressed
in TNBC cells promoted the growth and metastasis of
TNBC cells by targeting the miR-149-3p/NRP2 axis.

Discussion

Triple negative breast cancer (TNBC) is a very aggres-
sive subtype of breast cancer characterized by a defi-
ciency in the hormone receptors, which could serve as
drug targets. Chemotherapy is the only recommended
systemic treatment with inevitable resistance or relapse.
In this study, IncRNA LRP11-AS1 was firstly reported to
be overexpressed in TNBC cells compared to the non-
TNBC cells and normal mammary epithelial cells. Func-
tional studies suggested that silencing of LRP11-AS1
inhibited the growth and metastasis of breast cancers and
induced cell cycle arrest.

Mechanistically, miR-149-3p was predicted to be the
target of LRP11-AS1 by bioinformatics analysis. miR-
149-3p was previously reported to be downregulated in
breast cancer clinical samples [9, 17]. In our study, low
expression of miR-149-3p was found in TNBC cell lines.
Overexpression of miR-149-3p could inhibit the growth
and metastasis of TNBC, which indicated the tumor
suppressive role of miR-149-3p in TNBC cells. Dual-
luciferase reporter assay proved the binding of LRP11-
AS1 with miR-149-3p in the predicted binding site.
More importantly, knockdown of LRP11-AS1 increased
the expression of miR-149-3p and overexpression of
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miR-149-3p reduced the expression of LRP11-AS1. Res-
cue experiments showed that inhibition of miR-149-3p
could partially rescue the anticancer effect of LRP11-AS1
deficiency in TNBC cells. These results indicated that
LRP11-AS1 possibly served as the ceRNA to sponge miR-
149-3p to promote the growth and metastasis of TNBC.

NRP2 was previously reported as a member of the mem-
brane protein neuropilin family. Increased expression of
NRP2 was found in invasive and TNBC and was corre-
lated with lymph node metastasis [12, 14, 18, 19]. In our
study, dual-luciferase reporter assay revealed the interac-
tion between miR-149-3p and the 3/-UTR of NRP2. miR-
149-3p mimics could inhibit the expression of NRP2 in
TNBC cells. Moreover, silencing of LRP11-AS1 could
also inhibit the expression of NRP2 in TNBC cells. Rescue
experiments represented that inhibition of miR-149-3p
could restore the inhibited expression of NRP2 by LRP11-
AS1 knockdown, indicating that LRP11-AS1 regulated
NRP2 expression through miR-149-3p. Functionally, over-
expression of NRP2 could partially reverse the antican-
cer effect of LRP11-AS1 deficiency on the proliferation,
migration and invasion of TNBC cells. Figure 7 repre-
sented a graphic description of the possible mechanisms
of the oncogenic role of LRP11-AS1 played in TNBC. In
our results, bioinformatics analysis predicted the possible
binding sequence between LRP11-AS1 and miR-149-3p
(Fig. 2D) and knockdown of LRP11-AS1 could promote
the expression of miR-149-3p (Fig. 2B). The overexpres-
sion of LRP11-AS1 in TNBC lead to the suppression of
miR-149-3p and the upregulation of NRP2, which resulted
in the promotion of the growth and metastasis of TNBC
cells. LRP11-AS1 exhibited the tumorigenic effect in
TNBC by sponging miR-149-3p and targeting the miR-
149-3p/NRP2 axis. LRP11-AS1 could serve as a potential
biomarker in the diagnosis and treatment of TNBC. Limi-
tations still exist in this study, even though TNBC cell lines
overexpress LRP11-AS1, the expression of this IncRNA
in TNBC clinical samples needs investigation. After vali-
dating the function of LRP11-AS1 in vitro, the role and
mechanism of this novel IncRNA could be further studied
in vivo in the future research.

Conclusions

LncRNA LRP11-AS1, which was overexpressed in
TNBC cells could promote the growth and metastasis
of TNBC cells by working as a ceRNA to sponge miR-
149-3p and regulating the miR-149-3p/NRP2 axis,
indicating LRP11-AS1 as a potential biomarker in the
diagnosis and treatment of TNBC.
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