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Long noncoding RNA LINC00115 promotes breast cancer
metastasis by inhibiting miR-7
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Breast cancer is the second leading cause of cancer-related deaths in
women. The long noncoding RNA LINCO00115 has been reported to be
involved in the poor outcome of patients with breast cancer, but the bio-
logical function and underlying mechanism remain unclear. Here, we report
that LINCO0115 expression is increased in triple-negative breast cancer tis-
sue compared with matched normal tissue, and LINC00115 knockdown
suppresses breast cancer cell migration and invasion. Furthermore, we
show that LINCO00115 directly targets miR-7 and inhibits its expression.
LINCO00115 also reduces the expression of KLF4, which is a direct target
of miR-7 and is involved in breast cancer metastasis. Together, our find-
ings suggest that LINCO00115 promotes breast cancer metastasis through
modulating the expression of miR-7 and KLF4.
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Breast cancer is the most common malignancy and the
second leading cause of cancer-related deaths in
women. It was established that 266 120 women were
diagnosed with invasive breast cancer and 40 920
women died from breast cancer in the United States in
2018 [1]. Triple-negative breast cancer (TNBC) is a
cancer without estrogen receptors, progesterone recep-
tors, and excess HER2 protein, and includes three
common features: (a) more aggressive and poorer
prognosis than other types of breast cancer; (b) be
higher grade than other types of breast cancer; and (c)
usually be like ‘basal-like’ [2]. Approximately 10-20%
of breast cancers are TNBCs [2]. According to the
American Cancer Society report, the 5-year survival
rate of patients with stage IV (metastatic) breast
cancer is 22%. Poly-adenosine diphosphate-ribose

Abbreviations

polymerase inhibitors are effective drugs to treat
TNBCs with BRCA1 or BRCA2 mutation, but just
about 30% of TNBCs are with BRCA mutation [3].
Therefore, exploring novel therapeutic target for
TNBC is still urgent.

Long noncoding RNAs (IncRNAs) are a large class
of single-stranded RNAs with more than 200 nucleo-
tides in length and without ability to encode proteins
[4]. In the past decades, IncRNAs as tumor suppressor
or oncogene have been confirmed to affect the progres-
sion of cancer [5]. In breast cancer, for example, Inc-
BM is upregulated in the tumor tissue and its overex-
pression is positively correlated with the poor patient
survival, and Inc-BM promotes the breast cancer cells
to spread into the brain [6]. An increasing number of
IncRNAs have also been reported to participate in

IncRNA, long noncoding RNA; qRT-PCR, quantitative reverse transcription polymerase chain; ROC, receiver operating characteristic; TNBC,

triple-negative breast cancer.
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breast cancer development, such as MALATI [7],
AKO023948 [8], and GASS [9]. Recently, Xu et al. [10]
integrated the GEO data and TCGA data, as well as
their own RNA-sequencing data, and revealed hun-
dreds of oncogenic IncRNAs in breast cancer, among
which LINCO00115 is involved in the survival time of
patients with breast cancer and do not respond to
estrogen. Otherwise, the previous study has also
reported that LINCO00115 may interact with miR-7 to
regulate lung cancer progression [l1]. However, the
role of underlying mechanisms of LINCO00115 in
TNBC remains to be explored.

In the present study, we found that LINCO00115
expression is increased in TNBC tissue compared with
matched normal tissue, and LINCO00115 knockdown
inhibits the migration and invasion of breast cancer
cells. Furthermore, we demonstrated that LINCO00115
directly represses the expression of miR-7, which has
been confirmed to suppress breast cancer metastasis.

Results

LINCO00115 expression is frequently increased in
TNBC and is associated with the poor overall
survival

To determine the expression of LINCO00115 in TNBC
tissues, we collected 48 pairs of tumor tissues and
matched normal tissues from 48 patients with TNBC,
25 among whom presented with lymph node metasta-
sis. We detected the expression of LINCO00115 in the
tissues using quantitative reverse transcription poly-
merase chain (QRT-PCR) experiments, and the results
showed that LINCO00115 expression was significantly
increased in TNBC tissues compared with matched
normal tissues (Fig. 1A), and also elevated in lymph
node-metastatic TNBC tissues than in nonmetastatic
TNBC tissues (Fig. 1B). These suggest that LINCO00115
upregulation is associated with metastatic TNBC.

We further determined whether the expression signa-
ture of LINCO00115 can distinguish lymph node-meta-
static TNBC from those nonmetastatic TNBC. Receiver
operating characteristic (ROC) curve analyses showed
that LINCO00115 expression signature has an AUC of
0.6732, with sensitivity of 79.17% and specificity of
62.5%, in distinguishing the TNBC tissues from the
matched normal tissues (Fig. 1C), and also has an AUC
of 0.7165, with sensitivity of 52% and specificity of
95.65%, in distinguishing the lymph node-metastatic
TNBC tissues from the nonmetastatic TNBC tissues
(Fig. 1D). These suggest that the expression signature
of LINCO00115 may serve as a potential biomarker for
the prognosis of patients with TNBC.

LINC00115 promotes breast cancer metastasis

LINC00115 promotes breast cancer cell migration
and invasion in vitro

To determine the biological functions of LINCO00115
in breast cancer cell, we selected four breast cancer cell
lines (MCF7, SKBR3, BT474, and BT20). We then
chose BT20 cells to investigate the biological functions
because it is a TNBC cell line with an invasive charac-
teristic [12], and has the highest expression of
LINCO00115 compared with other cell lines (Fig. 2A).
Next, we conducted the loss of function using the
specific siRNAs for LINC00115 and confirmed that
these siRNAs could markedly decrease the expression
of LINCO00115 in BT20 cells (Fig. 2B). Because upreg-
ulation of LINCO00115 assciates with TNBC metastasis
in our findings, we directly detected its effect on breast
cancer cell migration and invasion. Transwell experi-
ments showed that LINCO00115 knockdown signifi-
cantly decreased the migration and invasion of BT20
cells (Fig. 2C,D). These suggest that LINCO00115 acts
as an oncogene in breast cancer and promotes cell
metastasis.

LINC00115 directly inhibits the expression of
miR-7

Next, we ought to explore the underlying mechanism
by which LINCO00115 promotes breast cancer metasta-
sis. We initially used miRcode (http://mircode.org/) to
predict the candidate miRNAs that may bind to
LINCO00115, and then considered miR-7 being a poten-
tial candidate, because miR-7 is downregulated in
breast cancer and involved in breast cancer metastasis
[13]. The binding site of miR-7 to LINCO00115 is
shown in Fig. 3A. We then identified the binding site
using a luciferase report system. We found that miR-7
mimics significantly inhibited the luciferase activity in
HEK?293 cells which had been transfected with the
constructed luciferase report vectors containing the
wild-type binding site, but it did not influence the luci-
ferase activity in those with the vectors containing the
mutant binding site (Fig. 3B). We further found that
LINCO00115 knockdown significantly increased the
expression of miR-7, while miR-7 mimics significantly
inhibited the expression of LINCO00115 in BT20 cells
(Fig. 3C,D). Moreover, we found that there is a nega-
tive correlation between the expression of LINC00115
and miR-7 in TNBC tissues (Fig. 3E). Moreover, we
also detected whether LINCO00115 can inhibit the
expression of KLF4, which is a confirmed target of
miR-7 in breast cancer [14]. The results revealed that
LINCO00115 knockdown significantly inhibited the
mRNA and protein expression of KLF4 (Fig. 3F,G).
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These suggest that LINCO00115 promotes breast cancer
through inhibiting miR-7 expression.

LINC00115 regulates breast cancer cell migration
and invasion via inhibiting miR-7 in vitro

To further determine whether LINCO00115 enhances
breast cancer cell migration and invasion through reg-
ulating miR-7, LINC00675-overexpressing vectors and
miR-7 mimics were co-transfected into BT20 cells, and
their expression was measured (Fig. 4A). Transwell
assays showed that miR-7 mimics significantly rescued
LINCO00115-induced migration and invasion of BT20
cells (Fig. 4B,C). These suggest that LINCO00115 pro-
motes breast cancer cell metastasis through inhibiting
miR-7.

Discussion

Lymph node-metastatic TNBC causes markedly
poorer outcome [15]. IncRNA expression profiles may
serve as potential biomarkers for the diagnosis and
prognosis of breast cancer [16,17]. Lv et al. [18]
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node-metastatic TNBC tissues from 23
nonmetastatic TNBC tissues. **P < 0.01.

reported four IncRNAs that may serve as new
biomarkers to distinguish TNBC from non-TNBC.
Recently, Xu et al. [10] used the GEO and TCGA
database, and their own high-throughput sequencing
data to find multiple IncRNAs that are overexpressed
in breast cancer tissue compared with normal tissue,
and some of them are associated with worse survival
outcome. More interestingly, LINCO00115 does not
respond to estrogen, suggesting that this IncRNA may
be associated with TNBC. In the present study, we
found that LINCO0115 expression is increased in
TNBC tissue versus matched normal tissue, suggesting
that its expression signature may serve as a novel bio-
marker for differentiating lymph node-metastatic
TNBC from those with nonmetastatic TNBC. How-
ever, the number of specimens is modest, and a large-
scale validation needs to be performed in the future.
We selected four breast cancer cell lines (MCF7,
SKBR3, BT474, and BT20), among which BT20 is a
cell line with negative tests of estrogen, progesterone,
and excess HER2, and without BRCA1 mutation.
Moreover, we also found that BT20 cells have a higher
expression of LINCO00115 than the other three cell
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Fig. 2. LINC00115 promotes breast
cancer cell migration and invasion in vitro.
(A) Box and whiskers show LINC00115
expression in 48 normal breast tissues;
whiskers: Tukey. Bars show LINC00115
expression in four breast cancer cell lines.
(B) Bars show LINC00115 expression in
BT20 cells which were transfected with
two specific siRNAs of LINC0O0115. gRT—
PCR was used to detect the expression of
LINC00115, and GAPDH served as an
internal control. (C) Representative
micrographs (x100) show the migration of
BT20 cells, which were transfected with
siRNA1 or siRNA2, respectively. (D)
Representative micrographs (x100) show
the invasion of BT20 cells, which were
transfected with siRNAT or siRNA2,
respectively. Scale bars represent 25 pm.
These experiments were repeated three
times. Student’s ttest and the one-way
ANOVA, followed by Tukey's post hoc
test, were used. All bars represent data
with SD. ***P < 0.001; ****P < 0.0001.

normalized to GAPDH

Relative LINC00115 expression

lines. These suggest that BT20 cell line is suitable for
researching the biological function. There are other
studies that also used these cell lines to investigate
breast cancer metastasis [19,20].

Next, we used specific siRNAs to inhibit the expres-
sion of LINCO00115. The IncRNA location in cells can
influence the effect of the IncRNA siRNA on inhibit-
ing its expression [21]. Although we are not clear
about the location of LINCO00115 in breast cancer
cells, the specific siRNAs can markedly inhibit the
expression of LINCO00115 and repress the migration
and invasion of BT20 cells. Future studies should iden-
tify the exact distribution of LINCO00115 in breast can-
cer cells.

We further investigated the underlying mechanism
by which LINCO00115 promotes breast cancer cell
metastasis. We used miRcode to predict the candidate
miRNAs that may bind to LINC00115. This tool has
been widely used to predict the interaction between
miRNA and IncRNA, as well as miRNA and mRNA
[22]. We considered that miR-7 might be a potential
candidate, because miR-7 has been well known in
breast cancer metastasis. For example, miR-7 inhibits
the ability of breast cancer stem-like cells to spread
into the brain through modulating KLF4 [14]; miR-7
directly inhibits SETDBI and reverses the epithelial—
mesenchymal transition of breast cancer stem-like cells.
Our findings indicate that LINCO00115 directly inhibits
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the expression of miR-7 in breast cancer cells, while
this regulatory mechanism has been also suggested in
lung cancer [11]. We further confirmed that
LINCO00115 promotes breast cancer metastasis via
inhibiting miR-7.

Collectively, our findings indicate that LINC00115
expression is increased in lymph node-metastatic TNBC
tissue compared with nonmetastatic TNBC tissue, as well
as matched normal breast cancer tissue; LINC00115 pro-
motes breast cancer cell metastasis by directly inhibiting
miR-7. These suggest that LINC00115 may be a potential
therapeutic target for TNBC.

Materials and methods

Clinical specimen

A total of 48 patients with TNBC were enrolled in this
study. The mean age of the 48 women was 58, and 25
women had lymph node metastasis and the others without
any metastasis. Forty-eight pairs of TNBC tissues and
matched normal tissues were collected from the consenting
individuals according to the protocols approved by the
Ethics Review Board at the Second Affiliated Hospital of
Nanchang University from April 2015 to July 2018. The
tissues were cut into about 1 x 1 cm? after surgery and
stored in nitrogen liquid immediately. The matched normal
tissues were collected at a distance of more than 5 cm from
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Fig. 3. LINC00115 directly inhibits the expression of miR-7. (A) The binding site of LINCO0115 to miR-7. (B) Bars show the luciferase
activity in HEK293 cells which were co-transfected with miR-7 and the constructed vectors containing LINCO0115 fragment having the
binding site of miR-7, as well as the corresponding control. (C) Bars show the expression of miR-7 in BT20 cells which were transfected
with siRNA1, siRNA2, or NC, respectively. (D) Bars show the expression of LINCO0115 in BT20 cells which were transfected with miR-7
mimics or NC. (E) Pearson correlation analysis shows that there was a negative correlation between the expression of miR-7 and
LINC00115. (F, G) The mRNA and protein expression of KLF4 in BT20 cells which were transfected with NC, siRNA1, or siRNA2. gRT-PCR
was used to detect the expression of miR-7 and LINC0O0115, and GAPDH served as an internal control for LINC0O0115 and U6 for miR-7.
The one-way ANOVA, followed by Tukey's post hoc test, and Student’'s t-test were used. Western blotting was used to measure the
protein expression of KLF4, and GAPDH served as an internal control. All bars represent data with SD. *P < 0.05; **P < 0.01; and
*¥**p < 0.001.

the tumor, and all tumors were histologically identified as
TNBC. The patients prior to the surgery were not subject
to any therapeutics, including chemotherapy or radiother-
apy. The experiments were undertaken with the under-

Cell culture

Four breast cancer cell lines (MCF7, SKBR3, BT474, and
BT20) were purchased from the American Type Culture

standing and written consent of each subject. The study
methodologies conformed to the standards set by the Dec-
laration of Helsinki.

Collection (ATCC; Manassas, VA, USA). MCF-7 cells
were cultured in RPMI-1640 (Gibco, Carlsbad, CA, USA)
supplemented with 10% FBS (Gibco, Grand Island, NY,
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Fig. 4. LINC00115 regulates breast cancer cell migration and invasion via inhibiting miR-7 in vitro. (A) Bars show the expression of
LINC00115 and miR-7 in three groups of BT20 cells, including (a) NC; (b) overexpression of LINCO0115; and (c) overexpression of both
LINC00115 and miR-7. gRT-PCR was used to detect the expression, and GAPDH served as an internal control for LINC0O0115 and U6 for
miR-7. Representative micrographs (x100) show the migration (B) and invasion (C) of BT20 cells, respectively, in the three groups. Scale
bars represent 25 um. These experiments were repeated three times. The one-way ANOVA, followed by Tukey’'s post hoc test, was used.

All bars represent data with SD. **P < 0.01; ****P < 0.0001.

USA), and SKBR3, BT474, and BT20 cells were cultured
in Dulbecco’s modified Eagle’s medium (Gibco) supple-
mented with 10% FBS (Gibco). Cells were kept at 37 °C in
a humidified incubator with 5% CO..

Total RNA isolation and quantitative reverse
transcription polymerase chain (qQRT-PCR)

Total RNAs were extracted from the breast cancer and
normal tissues and cells using a TRizol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instruction. qRT-PCR for detecting LINC00115 was per-
formed using a QuantiTect SYBR® Green RT-PCR Kit
(Qiagen, Hilden, Germany) according to the manufac-
turer’s instruction, and GAPDH was used to normalize the
expression of LINCO00115 in all samples. The sequences of
the primers are shown as follows: 5-TGGCTTGT
CTTCCATCGTCC-3' (forward) and 5- GCACGAGGGT
TGTTACAGGA-3' (reverse) for LINCO00115 and 5'-ACC
ACAGTCCATGCCATCAC-3' (forward) and 5'- TCCAC
CCTGTTGCTGTA-3' (reverse) for GAPDH. For mature
miR-7 expression analysis, the ABI miRNA reverse tran-
scription kit (Applied Biosystems, Foster City, CA, USA)
was used along with miR-7-specific primers (Applied
Biosystems), and then, the qPCR was performed on the
ABI 7500 Thermocycler (Applied Biosystems) according to
the manufacturer’s protocol. U6 was used to normalize the
expression of miR-7 in all samples.

Transfection

The specific siRNAs for LINCCO00115 were synthesized
from Sangon Biotech (Shanghai, China), and miR-7 mimics
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were purchased from GenePharma (Shanghai, China).
BT20 cells were cultured in six-well plates up to 70% con-
vergence and transfected with the siRNAs or miR-7 mimics
using Lipofectamine 2000 reagent (Invitrogen) according to
the manufacturer’s instruction. The sequences of the siR-
NAs are shown as follows: siRNAI1, Y- AAGGATGACCT
GGATTGTCCT-3'; and siRNA2, 5-AACACCGACAGT-
GAAGGAGAG-3'.

Luciferase assay

HEK?293 cells were cultured in a 24-well plate and grown up
to 70% coverage. The pGL4 Luciferase Reporter Vectors
(Promega, San Luis Obispo, CA, USA) containing
LINCO00115 fragment that has the wild-type or mutant bind-
ing site of miR-7 were constructed. The wild-type or mutant
vectors combined with the Renilla vectors, as well as miR-7
mimics or negative control (NC), were transfected into
HEK?293 cells, respectively. The luciferase assay was per-
formed according to the manufacturer’s protocol. These
experiments were repeated three times.

Migration and invasion assay

Twenty-four hours after BT20 cells were transfected with the
siRNAs or miR-7 mimics, or co-transfected with them both,
the cells were suspended and diluted into a density of
1 x 10° per mL using the culture medium without FBS, and
then, 200 pL of the medium containing the cells was added
into the transwell chamber (Millipore, Bedford, MA, USA)
with (for invasion) or without (for migration) the Matrigel
(BD, Franklin Lakes, NJ, USA). The chamber was placed in
a 24-well plate, where 600-uL culture medium with FBS
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(Gibco) was added. After 24 h, the chambers were stained
with crystal violet for 10 min, and the cells in the inside of
the chambers were wiped off, and then, the migrated cells on
the outside of the chambers were calculated under a micro-
scope.

Western blotting

Total proteins were isolated from BT20 cells using RIPA
reagent (Invitrogen). The proteins were subject to separating
in a 10% SDS/PAGE gel and then transferred onto a poly
(vinylidene difluoride) (PVDF) membrane (Millipore). The
PVDF membrane was incubated with a blocking buffer (3%
BSA) for 1 h at room temperature and then incubated with
anti-KLF4 [Cell Signaling Technology (CST), Danvers, MA,
USA; rabbit mAb #12173; 1 : 1000] or anti-GAPDH (CST;
rabbit mAb #5174; 1 : 1000) primary antibodies overnight at
4 °C. Then, the PVDF membrane was incubated with the
secondary antibodies (Zhongshan Biotechnology, Beijing,
China; goat anti-rabbit; 1 : 10 000) for 1 h at room tempera-
ture. Finally, the PVDF membrane was exposed by using a
SuperSignal West Dura Extended Duration Substrate Kit
(Thermo Fisher Scientific, Beijing, China).

Statistics

All data are presented as the means + standard deviation
(SD). Comparison between two groups was analyzed by Stu-
dent’s r-test or nonparametric Mann—Whitney—Wilcoxon
test. The difference among more than two groups was ana-
lyzed by the one-way ANOVA, followed by Tukey’s post hoc
test. A P value < 0.05 was considered statistically significant.
All statistical analyses were performed using the GRAPHPAD
prisM 8.0 (GraphPad Software Inc, San Diego, CA, USA)
and spss 19.0 software (IBM company, Chicago, IL, USA).

Acknowledgement

This study was supported by the Jiangxi Provincial
Health Department Project (No. 20151081).

Conflict of interest

The authors declare no conflict of interest.

Author contributions

LG designed this study. CY and LG drew the manu-
script. CY, XL, and SD performed the experiments
and analyzed the data in this study.

References

1 Siegel RL, Miller KD and Jemal A (2018) Cancer
statistics, 2018. CA Cancer J Clin 68, 7-30.

1236

10

11

12

13

14

15

16

C. Yuan et al.

Pusztai L, Foldi J, Dhawan A, DiGiovanna MP and
Mamounas EP (2019) Changing frameworks in treatment
sequencing of triple-negative and HER2-positive, early-
stage breast cancers. Lancet Oncol 20, €390—396.

Shi Y, Jin J, Ji W and Guan X (2018) Therapeutic
landscape in mutational triple negative breast cancer.
Mol Cancer 17, 99.

Kopp F and Mendell JT (2018) Functional classification
and experimental dissection of long noncoding RNAs.
Cell 172, 393-407.

Huarte M (2015) The emerging role of IncRNAs in
cancer. Nat Med 21, 1253-1261.

Wang S, Liang K, Hu Q, Li P, Song J, Yang Y, Yao J,
Mangala LS, Li C, Yang W et al. (2017) JAK2-binding
long noncoding RNA promotes breast cancer brain
metastasis. J Clin Invest 127, 4498-4515.

Kim J, Piao HL, Kim BJ, Yao F, Han Z, Wang Y,
Xiao Z, Siverly AN, Lawhon SE, Ton BN ef al. (2018)
Long noncoding RNA MALATI suppresses breast
cancer metastasis. Nat Genet 50, 1705-1715.

Koirala P, Huang J, Ho TT, Wu F, Ding X and Mo
YY (2017) LncRNA AK023948 is a positive regulator
of AKT. Nat Commun 8, 14422.
Mourtada-Maarabouni M, Pickard MR, Hedge VL,
Farzaneh F and Williams GT (2009) GASS, a non-
protein-coding RNA, controls apoptosis and is
downregulated in breast cancer. Oncogene 28, 195-208.
Xu S, Kong D, Chen Q, Ping Y and Pang D (2017)
Oncogenic long noncoding RNA landscape in breast
cancer. Mol Cancer 16, 129.

Li DS, Ainiwaer JL, Sheyhiding I, Zhang Z and Zhang
LW (2016) Identification of key long non-coding RNAs
as competing endogenous RNAs for miRNA-mRNA in
lung adenocarcinoma. Eur Rev Med Pharmacol Sci 20,
2285-2295.

Dai X, Cheng H, Bai Z and Li J (2017) Breast cancer
cell line classification and its relevance with breast
tumor subtyping. J Cancer 8, 3131-3141.

Zhao J, Tao Y, Zhou Y, Qin N, Chen C, Tian D and
Xu L (2015) MicroRNA-7: a promising new target in
cancer therapy. Cancer Cell Int 15, 103.

Okuda H, Xing F, Pandey PR, Sharma S, Watabe M,
Pai SK, Mo YY, liizumi-Gairani M, Hirota S, Liu Y
et al. (2013) miR-7 suppresses brain metastasis of breast
cancer stem-like cells by modulating KLF4. Cancer Res
73, 1434-1444.

Hernandez-Aya LF, Chavez-Macgregor M, Lei X,
Meric-Bernstam F, Buchholz TA, Hsu L, Sahin AA, Do
KA, Valero V, Hortobagyi GN et al. (2011) Nodal status
and clinical outcomes in a large cohort of patients with
triple-negative breast cancer. J Clin Oncol 29, 2628-2634.
Huang P, LiF,LiL, YouY, Luo S, Dong Z, Gao Q, Wu
S, Brunner N and Stenvang J (2018) IncRNA profile study
reveals the mRNAs and IncRNAs associated with
docetaxel resistance in breast cancer cells. Sci Rep 8, 17970.

FEBS Open Bio 10 (2020) 1230-1237 © 2020 The Second Affiliated Hospital of Nanchang University. FEBS Open Bio published by John Wiley & Sons Ltd

on behalf of Federation of European Biochemical Societies.



C. Yuan et al.

17 Yousefi H, Maheronnaghsh M, Molaei F, Mashouri L,
Reza AA, Momeny M and Alahari SK (2020) Long
noncoding RNAs and exosomal IncRNAs:
classification, and mechanisms in breast cancer
metastasis and drug resistance. Oncogene 39,

953-974.

20

LINC00115 promotes breast cancer metastasis

cells promotes breast cancer progression and metastasis
through exosomal miRNAs. Sci Rep 9, 8418.

Wu Y, Wu P, Zhang Q, Chen W, Liu X and Zheng W
(2019) MFAPS promotes basal-like breast cancer
progression by activating the EMT program. Cell Biosci
9, 24.

18 Lv M, Xu P, Wu Y, Huang L, Li W, Lv S, Wu X, 21 Lennox KA and Behlke MA (2016) Cellular
Zeng X, Shen R, Jia X et al. (2016) LncRNAs as new localization of long non-coding RNAs affects silencing
biomarkers to differentiate triple negative breast cancer by RNAi more than by antisense oligonucleotides.
from non-triple negative breast cancer. Oncotarget 7, Nucleic Acids Res 44, 863-877.
13047-13059. 22 Jeggari A, Marks DS and Larsson E (2012) miRcode: a
19 Kim KS, Park JI, Oh N, Cho HJ, Park JH and Park map of putative microRNA target sites in the long non-
KS (2019) ELK3 expressed in lymphatic endothelial coding transcriptome. Bioinformatics 28, 2062-2063.
FEBS Open Bio 10 (2020) 1230-1237 © 2020 The Second Affiliated Hospital of Nanchang University. FEBS Open Bio published by John Wiley & Sons Ltd 1237

on behalf of Federation of European Biochemical Societies.



	Outline placeholder
	feb412842-aff-0001
	feb412842-aff-0002

	 Results
	 LINC00115 expres�sion is fre�quently increased in TNBC and is asso�ci�ated with the poor over�all sur�vival
	 LINC00115 pro�motes breast cancer cell migra�tion and inva�sion in vitro
	 LINC00115 directly inhibits the expres�sion of miR-7
	 LINC00115 reg�u�lates breast cancer cell migra�tion and inva�sion via inhibit�ing miR-7 in vitro

	 Dis�cus�sion
	feb412842-fig-0001

	 Mate�ri�als and meth�ods
	 Clin�i�cal spec�i�men
	feb412842-fig-0002
	 Cell cul�ture
	feb412842-fig-0003
	 Total RNA iso�la�tion and quan�ti�ta�tive reverse tran�scrip�tion poly�merase chain (qRT-PCR)
	 Trans�fec�tion
	 Luciferase assay
	 Migra�tion and inva�sion assay
	feb412842-fig-0004
	 Western blot�ting
	 Statis�tics

	 Acknowl�edge�ment
	 Con�flict of inter�est
	 Author con�tri�bu�tions
	feb412842-bib-0001
	feb412842-bib-0002
	feb412842-bib-0003
	feb412842-bib-0004
	feb412842-bib-0005
	feb412842-bib-0006
	feb412842-bib-0007
	feb412842-bib-0008
	feb412842-bib-0009
	feb412842-bib-0010
	feb412842-bib-0011
	feb412842-bib-0012
	feb412842-bib-0013
	feb412842-bib-0014
	feb412842-bib-0015
	feb412842-bib-0016
	feb412842-bib-0017
	feb412842-bib-0018
	feb412842-bib-0019
	feb412842-bib-0020
	feb412842-bib-0021
	feb412842-bib-0022


