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Purpose: Long intergenic noncoding RNA 01121 (LINC01121) has been reported to be

aberrantly expressed and acts as an oncogene in pancreatic cancer. However, the detailed

molecular mechanism of LINC01121 in breast cancer remains largely unclear. In this study, we

aimed to investigate the expression and biological function of LINC01121 in breast cancer.

Methods: LINC01121 and miR-150-5p expression were measured in breast cancer cell lines

using quantitative reverse transcription PCR. MTS and flow cytometry assays were per-

formed to determine cell proliferation, the cell cycle, and apoptosis. Cell migration and

invasion were assessed by transwell assay. The protein expression of HMGA2 in breast

cancer cell lines was measured by Western blotting. A luciferase reporter assay was used to

assess the binding of LINC01121 and miR-150-5p.

Results: We found that LINC01121 was markedly up-regulated in breast cancer cell lines

compared with normal breast epithelial cells. LINC01121 down-regulation markedly suppressed

cell proliferation, cell cycle progression, migration, and invasion and promoted apoptosis in breast

cancer cells. Further investigation showed that LINC01121 could serve as a molecular sponge for

miR-150-5p and indirectly modulate the expression of its target, HMGA2. Moreover, miR-150-5p

knockdown rescued the effects of LINC01121 down-regulation on HMGA2 protein expression,

cell proliferation, cell cycle progression, apoptosis, migration, and invasion in breast cancer cells.

Conclusion: Knockdown LINC01121 inhibited breast cancer cell proliferation, migration,

and invasion via the miR-150-5p/HMGA2 axis.
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Introduction
Breast cancer is the most commonly diagnosed invasive malignancy in females

worldwide.1 In recent years, the incidence and mortality of breast cancer has been

increasing.2 Epidemiological studies indicate that approximately 1.6million cases of breast

cancer are diagnosed and 1.2 million deaths result from breast cancer each year in China.3

During the past 10 years, many efforts have been made in breast cancer diagnosis and

therapy, including combinations of surgery, hormone therapy, and adjuvant therapy.4

However, the overall prognosis of breast cancer is still unsatisfactory due to recurrence

and distant metastasis.5 The proliferation and metastasis of breast cancer is a multi-step

biological process that involves the activation or silencing of genes and epigenetic

modifications; however, the details of its molecular mechanism are still largely
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unknown.6 Therefore, further elucidation of the molecular

mechanisms of breast cancer metastasis is urgently needed to

provide the theoretical basis for improved breast cancer therapy.

LncRNAs play key regulatory roles in various biological

process, such as proliferation, invasion, and metastasis. They

have been shown to be aberrantly expressed in many types of

cancers, including breast cancer.7 HOTAIR has been shown to

have increased levels of expression in breast cancer tissues and

cells and may act as oncogene.8 Low levels of FENDRR

expression are associated with decreased survival time of

breast cancer patients and increased breast cancer cell prolif-

eration and migration.9 However, the detailed mechanism of

lncRNA-mediated tumorigenesis in breast cancer remains lar-

gely unclear. Long intergenic non-protein coding RNA 01121

(LINC01121) is a 1114 bp non-coding RNA located on human

chromosome 2p21. LINC01121 has been reported to be aber-

rantly expressed and act as an oncogene in pancreatic cancer.10

Huang et al11 reported that pterostilbene could suppress pro-

liferation and epithelial-to-mesenchymal transition and pro-

mote apoptosis in breast cancer cells. Further investigation

showed that pterostilbene can decrease the expression of

LINC01121, suggesting that LINC01121 may act as an onco-

gene in breast cancer. Therefore, we aimed to further study the

function of LINC01121 in breast cancer.

LncRNAs act as competing endogenous RNAs (ceRNAs)

to sponge microRNAs (miRNAs).12 miRNAs can affect var-

ious cellular processes by inhibiting the expression of their

target genes.13,14 miR-150-5p, a hematopoiesis-related

miRNA, has been frequently reported to be aberrantly

expressed in various types of human cancers.15,16 Tang et al

found that miR-150-5p has decreased levels of expression in

breast cancer tissues and thatmiR-150 suppressesmetastasis of

breast cancer cells by inhibiting high-mobility group protein 2

(HMGA2) expression.17 However, whether LINC01121 acts

as anmiR-150-5p sponge to regulate the growth andmetastasis

of breast cancer cells remains unclear.

In the present study, we first evaluated the expression

of LINC01121 in breast cancer cell lines. Subsequently, we

assessed the biological function of LINC01121 in breast

cancer cells. Finally, the interaction between LINC01121

and miR-150-5p and the underlying mechanisms of

LINC01121 in breast cancer cells were investigated.

Materials and Methods
Cell Culture and Transfection
The human breast cancer cell lines, MCF-7, BT-549,

MDA-MB-231, and MDA-MB-453 and the normal

human breast cell line, MCF-10A, were purchased from

the Shanghai Cell Bank of the Chinese Academy of

Science (Shanghai, China). Cells were cultured in

DMEM (Gibco, Grand Island, NY, USA) containing 10%

fetal bovine serum (FBS, Gibco) and incubated in

a humidified incubator with 5% CO2 at 37 °C. An

siRNAs against LINC01121 (si-LINC01121-): si-

LINC01121-1(5ʹ-CAAAGACAAGGAUGAAAUAAG-3ʹ),

si-LINC01121-2 (5ʹ-GACUAAACUAAUUAAGCUACA

-3ʹ), si-LINC01121-3 (5ʹ-GUUCUCAUUUGAUGUUGAA

UA-3ʹ), a negative control siRNA (si-NC, 5ʹ-UUCUCCGA

ACGUGUCACGUGC-3ʹ), miR-150-5p mimics (5ʹ-

CTGGTACAGGCCTGGGGGACAG-3ʹ), a miR-150-5p

inhibitor (5ʹ-CTGTCCCCCAGGCCTGTACCAG-3ʹ), a mi

RNA mimic negative control (NC mimic, 5ʹ-

TTCTCCGAACGTGTCACGTAA-3ʹ), and a mi

RNA inhibitor negative control (NC inhibitor, 5ʹ-

TTCTCCGAACGTGTCACGTAA-3ʹ) were purchased

from GenePharma (Shanghai, China). Cell transfections

were performed using Lipofectamine 2000 (Invitrogen,

Carlsbad, CA, USA), following the manufacturer’s

protocol.

Nuclear and Cytoplasmic RNA Isolation
Cytoplasmic and nuclear RNAs were separated and pur-

ified using a PARIS kit (Thermo Fisher Scientific, Inc.).

The expression of linc00467 in the nucleus and cytoplasm

was measured by qRT-PCR.

Quantitative Reverse Transcription PCR

(qRT-PCR)
Total RNA was extracted from cells using TRIzol reagent

(Invitrogen). For LINC01121, first-strand cDNAwas reverse

transcribed from total RNA using the ImProm-IITMReverse

Transcription System (Promega, Madison, WI, USA). For

miR-150-5p, cDNA was reverse transcribed using the

ImProm-IITM Reverse Transcription System and stem-loop

primer (Promega). The conditions of reverse transcription

were 42°C for 60 min, followed by 85°C for 10 min. All

PCRs were performed using an ABI 7500 RT-PCR system

(Applied Biosystems) with SYBR® Premix Ex Taq™ Kit

(TaKaRa, Kusatsu, Japan). PCR primers were purchased

from GenePharma with the following sequences:

LINC01121 forward, 5ʹ-TGGATGGATGGGTTGTGGTCT

T-3ʹ and reverse, 5ʹ-TCCTTGTCTTTGTTACGCCTGT-3ʹ;

GAPDH forward, 5ʹ-GCTCATTTGCAGGGGGGAG-3ʹ

and reverse, 5ʹ- GTTGGTGGTGCAGGAGGCA-3ʹ; miR-
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150-5p forward, 5ʹ-ACACTCCAGCTGGG TCTCCCAA

CCCTTGTA-3ʹ and reverse, 5ʹ-CTCAACTGGTGTCGTGG

A-3ʹ; miR-1193 forward, 5ʹ- ACACTCCAGCTGGGAT

AGACCGGTGACGTGC-3ʹ and reverse, 5ʹ- CTCA

ACTGGTGTCGTGGA-3ʹ; miR-520h forward, 5ʹ-

ACACTCCAGCTGGGAGTGCTTCCCTTTAGAG-3ʹ and

reverse, 5ʹ- CTCAACTGGTGTCGTGGA-3ʹ; miR-520g-3p

forward, 5ʹ- ACACTCCAGCTGGGATTCCCTTTAGAG

TGT-3ʹ and reverse, 5ʹ- CTCAACTGGTGTCGTGGA-3ʹ;

and U6 forward, 5ʹ-CTCGCTTCGGCAGCACA-3ʹ and

reverse, 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ. GAPDH

and U6 were used as endogenous controls for LINC01121

and miR-150-5p expression, respectively. Fold change in

expression was calculated using the 2−ΔΔCT method.18 All

experiments were repeated in independent triplicate.

MTS Assay
Cell proliferation was evaluated using a CellTiter 96®

AQueous One Solution Cell Proliferation Assay (MTS,

Promega). In brief, after transfection, 96-well plates were

seeded with 1 × 104 cells/100 μL/well in triplicate and

incubated in a humidified incubator with 5% CO2 at 37 °C.

The AQueous One Solution reagent (10 μL) was then added
to the wells at 0, 24, 48, and 72 h. After cultured for 4 h at 37

°C, the absorbance was measured at 490 nm using

a microplate reader (Bio-Rad, Hercules, CA, USA). All

experiments were repeated in independent triplicate.

Cell Cycle and Apoptosis Assay
A Cell Cycle Detection Kit (Keygentec, Nanjing, China)

was used to assess the cell cycle and an Annexin V-FITC

Apoptosis Detection Kit (Keygentec) was used to detect

apoptosis. The percentage of the cell population in differ-

ent phases of the cell cycle and the percentage of the cells

undergoing apoptosis were measured using flow cytometry

(BD Biosciences, San Jose, CA, USA). All experiments

were repeated in independent triplicate.

Transwell Migration and Invasion Assays
A BD 24-well transwell chamber (BD Biosciences) was

used to assess cell migration and invasion. Briefly, 2 × 105

transfected MCF-7 or MD-MBA-231 cells, in 200 μL of

serum-free medium, were seeded to the top chamber. For

invasion assays, the upper chamber was coated in Matrigel

(BD Biosciences), but for migration assays, Matrigel was

not added. Medium containing 10% FBS was loaded into

the lower transwell chamber. After incubation at 37 °C

with 5% CO2 for 24 h, cells on the transwell membrane

were stained with 0.5% crystal violet for 15 min. Migrant

or invasive cells were counted under a microscope

(Olympus, Tokyo, Japan). All experiments were repeated

in independent triplicate.

Western Blotting
RIPA lysis buffer with protease inhibitor (Beyotime,

Shanghai, China) was used to extract total protein. Equal

amounts of denatured protein (30 μg) were separated by

10% SDS-PAGE and transferred onto polyvinylidene

fluoride membranes. The membranes were blocked with

Tris-buffered saline (TBS), containing 5% non-fat milk

powder, at 25 °C for 2 h. The membranes were then

incubated at 4 °C overnight with the following diluted

primary antibodies: anti-HMGA2 (dilution 1:1000;

ab97276, Abcam; Danvers, MA, USA) and anti-β-actin
(dilution 1:1000; ab8227; Abcam). After washing with

TBS containing Tween 20 (TBST), membranes were incu-

bated with an HRP-labeled secondary antibody (dilution

1:5000) for 2 h at 25 °C. After washing three times with

TBST, the protein bands were detected using an enhanced

chemiluminescence detection kit (Beyotime) and

a ChemiDoc™ XRS imaging system (Bio-Rad). All

experiments were repeated in independent triplicate.

Luciferase Reporter Assays
Wild-type (WT) LINC01121 containing putativemiR-150-5p

binding sites and LINC01121 containing mutated miR-150-

5p binding sites (MUT) were synthesized and then inserted

into the luciferase reporter vector, psi-CHECK-2 (Promega).

For luciferase assays, MCF-7 cells were co-transfected with

luciferase reporter plasmids and an miR-150-5p mimic, an

miR-150-5p inhibitor, or a negative control miRNA. Forty-

eight hours after transfection, relative luciferase activity was

determined using a Dual-Luciferase Reporter Assay System

(Promega), according to the manufacturer’s instructions. All

experiments were repeated in independent triplicate.

Statistical Analysis
Statistical analyses were performed using SPSS 19.0 sta-

tistical software (IBM Inc., Chicago, IL, USA). Data are

presented as means ± standard deviation (SD). A t-test was

performed to detect significant differences between two

groups. An ANOVA was performed to detect significant

differences between three groups. A p-value less than 0.05

was regarded as statistically significant.
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Results
LINC01121 Was Markedly Up-Regulated

in Breast Cancer Cell Lines
The structure of LINC01121 (1095bp) such as chromo-

somal locations and exons were diagrammed in

Figure 1A. First, we investigated the relative expression

levels of LINC01121 in breast cancer cell lines by qRT-

PCR. The expression of LINC01121 in breast cancer cell

lines (including MCF-7, BT-549, MDA-MB-231, and

MDA-MB-453) was markedly up-regulated, especially
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in MCF-7 and MDA-MB-231 cell lines, compared with

its expression in the normal breast epithelial cell line,

MCF-10A (Figure 1B). Therefore, MCF-7 and MDA-

MB-231 cell lines were selected for subsequent experi-

ments. Additionally, we found that LINC01121 expres-

sion was significantly higher in cytoplasm than that in

nuclear in MCF-7 and MDA-MB-231 cell lines

(Figure 1C and D).

LINC01121 Down-Regulation Significantly

Suppressed Breast Cancer Cell

Proliferation and Cell Cycle Progression

and Promoted Apoptosis
To investigate the biological function of LINC01121 in

breast cancer cells, we transfected MCF-7 and MDA-

MB-231 cells with si-LINC01121 to down-regulate
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progression and apoptosis in MCF-7 and MDA-MB-231 cells were assessed using flow cytometry after transfected si-LINC01121 at 48 h (*P<0.05, ***p < 0.001).
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LINC01121 expression. qRT-PCR results showed that

the expression of LINC01121 was markedly decreased

in both MCF-7 and MDA-MB-231 cells after trans-

fected si- LINC01121-1/2/3, particularly si-LINC01121

-1 which chose for further study (Figure 2A). MTS

results showed that LINC01121 down-regulation sig-

nificantly suppressed the proliferation of MCF-7 and

MDA-MB-231 cells compared with cells transfected

with si-NC (Figure 2B and C). Cell cycle analysis

revealed that LINC01121 down-regulation increased

the fraction of MCF-7 and MDA-MB-231 cells in G1

phase and decreased the fraction of MCF-7 and MDA-

MB-231 cells in S phase compared with cells trans-

fected with si-NC (Figure 3A). LINC01121 down-

regulation significantly promoted the apoptosis of

MCF-7 and MDA-MB-231 cells compared with cells

transfected with si-NC (Figure 3B). These data

suggested that LINC01121 down-regulation suppressed

breast cancer cell proliferation and cell cycle progres-

sion and promoted apoptosis.

LINC01121 Down-Regulation Significantly

Suppressed Breast Cancer Cell Migration

and Invasion
Next, transwell experiments showed that LINC01121

down-regulation significantly suppressed cell migration

and invasion in both MCF-7 and MDA-MB-231 cells

compared with cells transfected with si-NC (Figure 4).

LINC01121 Directly Bounds to miR-150-

5p
Next, we investigated whether LINC01121 acted as

a ceRNA of miRNAs in breast cancer. Bioinformatics

prediction analysis showed that LINC01121 has
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Figure 4 LINC01121 down-regulation suppressed MCF-7 and MDA-MB-231 cell migration and invasion. (A and B) Migration and invasion of MCF-7 and MDA-MB-231 cells

was determined by transwell experiments after transfected si-LINC01121 at 48 h (***p < 0.001).
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theoretical binding site for miR-1193, miR-520h, miR-

520g-3p, and miR-150-5p. However, previous studies

reported that only miR-150-5p is an anti-cancer gene.17

Thus, miR-150-5p was selected for further investigation.

The theoretical binding site between LINC01121 and

miR-150-5p was shown in Figure 5A. To verify that

LINC01121 can directly bind to miR-150-5p, luciferase

reporter assays were performed. Compared with the

blank+ WT LINC01121 group, relative luciferase activ-

ity was inhibited in miR-150-5p+ WT LINC01121 group

while it was promoted in miR-150-5p inhibitor+ WT

LINC01121 group (Figure 5B). However, the relative

luciferase activity was not affected between MUT

LINC01121 +blank, MUT LINC01121 +miR-150-5p,

and MUT LINC01121 +miR-150-5p inhibitor groups

(Figure 5B). Next, miR-150-5p expression levels were
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LINC01121 at 48 h. (F) The expression of HMGA2 in MCF-7 and MDA-MB-231 cells was measured by Western blotting after transfected si-LINC01121 at 48 h (***p < 0.001).
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significantly lower in the four breast cancer cell lines

than that in the normal breast epithelial cell line, MCF-

10A (Figure 5C). Previous studies have shown that miR-

150-5p modulates breast cancer metastasis by targeting

HMGA2.17 We found that HMGA2 expression was up-

regulated in four breast cancer cell lines compared with

its expression in MCF-10A cells (Figure 5D). Moreover,

we found that miR-150-5p expression was promoted

while HMGA2 expression was inhibited in MCF-7

and MDA-MB-231 cells after transfected si-LINC01121

-1/2/3, particularly si-LINC01121-1 (Figure 5E–F).

Additionally, other three predict miRNA (miR-1193,

miR-520h, miR-520g-3p) expression after LINC01121

knockdown at 48 h were measured by qRT-PCR. The

results showed that LINC01121 knockdown promoted

miR-1193, miR-520h, and miR-520g-3p expression

(Supplement Figure 1). But the change of miR-150-5p

expression significantly higher than the change of other

three miRNA (miR-1193, miR-520h, miR-520g-3p).

These data suggested that LINC01121 may directly

bound to miR-150-5p to regulate HMGA2 expression.

Knockdown miR-150-5p Significantly

Attenuated the Effects of LINC01121
Down-Regulation on HMGA2 Protein

Expression, Cell Proliferation, Cell

Cycle Progression, and Apoptosis in

Breast Cancer Cells
To further investigate the relationship between

LINC01121 and miR-150-5p, we transfected MCF-7

and MDA-MB-231 cells that had previously been trans-

fected with si-LINC01121, with an miR-150-5p inhibitor.

miR-150-5p expression significantly decreased, while

HMGA2 expression significantly increased, in MCF-7

and MDA-MB-231 cells co-transfected an miR-150-5p

inhibitor and si-LINC01121 compared with cells co-

transfected with an NC inhibitor and si-LINC01121

(Figure 6A and B). Moreover, miR-150-5p knockdown

promoted cell proliferation (Figure 6C and D), increased

the fraction of cells in S phase, decreased the fraction of

cells in G1 phase (Figure 7A), and suppressed apoptosis

(Figure 7B) in MCF-7 and MDA-MB-231 cells co-

transfected with an miR-150-5p inhibitor and si-
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LINC01121 compared with cells co-transfected with an

NC inhibitor and si-LINC01121. These data suggested

that miR-150-5p knockdown attenuated the effects of si-

LINC01121 on HMGA2 protein expression, cell prolif-

eration, cell cycle progression, and apoptosis in MCF-7

and MDA-MB-231 cells.
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miR-150-5p Knockdown Significantly

Attenuated the Repressive Effects of

LINC01121 Down-Regulation on the

Migration and Invasion of Breast Cancer

Cells
Transwell migration and invasion assays showed that miR-

150-5p knockdown significantly promoted the migration and

invasion of MCF-7 andMDA-MB-231 cells co-transfected an

miR-150-5p inhibitor and si-LINC01121, compared with cells

co-transfected with an NC inhibitor and si-LINC01121

(Figure 8).

Discussion
LncRNAs function as regulators of gene expression and have

a great impact on the development and progression of various

human cancers, including breast cancer.19 In the present study,

we found that LINC01121 was markedly up-regulated in

breast cancer cell lines compared with normal breast epithelial

cells. LINC01121 down-regulation significantly suppressed

cell proliferation, cell cycle progression, migration, and inva-

sion and promoted apoptosis in MCF-7 and MDA-MB-231

cells. These results indicated that LINC01121 acts as an onco-

gene and is involved in the process of breast cancer prolifera-

tion, migration, and invasion. Qian et al10 reported that

LINC01121 is overexpressed and acts as an oncogene in

pancreatic cancer tissues, which is similar to our results.

One of the functions of lncRNAs is to act as miRNA

sponges to regulate the expression of their miRNA targets.

Herein, we used bioinformatics tools to predict thatmiR-150-

5p was a target of LINC01121. The interaction between

LINC01121 and miR-150-5p was confirmed using luciferase

reporter assays, which showed that LINC01121 could

directly bind to miR-150-5p. Moreover, LINC01121
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Figure 8 miR-150-5p knockdown significantly attenuated the repressive effects of LINC01121 down-regulation on the migration and invasion of breast cancer cells (A and B)
Migration and invasion of MCF-7 and MDA-MB-231 cells were measured by transwell after co-transfected miR-150-5p inhibitor and si-LINC01121 or co-transfected with an

NC inhibitor and si-LINC01121 at 48 h (***p < 0.001).
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knockdown promoted miR-150-5p expression in both MCF-

7 and MDA-MB-231 cells. These results suggested that

LINC01121 directly bound to miR-150-5p. Tang et al17

found that miR-150-5p suppresses the migration of breast

cancer cells and its expression is decreased in triple-negative

breast cancer tumor tissues, indicating that miR-150-5p may

play an inhibitory role in triple-negative breast cancer. Hu

et al20 found that BLACAT1 promotes breast cancer cell

growth and metastasis by sponging miR-150-5p. Alipoor

et al also found that MIAT knockdown suppresses MCF7

cell growth and migration by sponging miR-150-5p.21

Further rescue experiments demonstrated that miR-150-5p

knockdown significantly reversed the effects of LINC01121

silencing on cell proliferation, cell cycle progression, apop-

tosis, migration, and invasion in MCF-7 and MDA-MB-231

cells. Taken together, these data indicated that LINC01121

down-regulation suppressed breast cancer cell proliferation

and metastasis through themiR-150-5p axis, which is similar

to the results of Hu and Alipoor.20,21

Previous studies have demonstrated that HMGA2 is highly

overexpressed in breast cancer and promotes breast cancer cell

proliferation and metastasis.22,23 miR-150-5p suppresses tri-

ple-negative breast cancer metastasis by inhibiting HMGA2

expression.17 In the present study, we found that HMGA2was

overexpressed in breast cancer cell lines, which is similar to

the results of previous studies.17,22,23 Additionally, we found

that LINC01121 knockdown inhibited HMGA2 expression in

MCF-7 and MDA-MB-231 cells and that inhibiting miR-150-

5p expression promoted HMGA2 expression and reversed the

effect of LINC01121 silencing on HMGA2 expression. These

data indicated that HMGA2, a target gene of miR-150-5p, is

involved in the LINC01121-mediated regulation of breast

cancer cell proliferation migration, and invasion.

Conclusion
LINC01121 knockdown suppressed breast cancer cell pro-

liferation, migration, and invasion through the miR-150-

5p/HMGA2 axis. These findings suggested that

LINC01121 may serve as a novel molecular target for

breast cancer therapy. We will confirm the effect of

LINC01121 on breast cancer cell growth and metastasis

in vitro in future experiments.

Abbreviations
LINC01121, Long intergenic noncoding RNA 01121;

ceRNAs, competing endogenous RNAs; miRNAs, micro

RNAs; HMGA2, high-mobility group protein 2; qRT-PCR,

quantitative reverse transcription PCR; SD, standard deviation.
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