
Abstract. Aim: We evaluated the role of long noncoding
ribonucleic acid (lncRNA) in breast cancer cell lines by
quantitative reverse transcription-polymerase change reaction.
Materials and Methods: The effects of small NF90-associated
RNA (snaR) with RNA interference on proliferation, migration
and invasion of MDA-MB-231 cells were observed by 3-(4,5-
dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide, wound
healing and transwell assay. Results: Among 90 lncRNAs, E2F
transcription factor 4, p107/p130-binding (E2F4) antisense,
insulin-like growth factor 2 antisense (IGF2AS), snaR, and
small nucleolar RNA host gene 5 (SNHG5) were up-regulated
in MDA-MB-231 and 7SK, antisense noncoding RNA in the
INK4 locus (ANRIL), IGF2AS, Nespas, p53 mRNA, and snaR
were up-regulated in MCF-7 cells. Down-regulation of snaR
inhibited the proliferation, migration, and invasion of MDA-
MD-231 breast cancer cells. Conclusion: LncRNA snaR was
found to be up-regulated in breast cancer cells, and the cancer
progression of MDA-MB-231 cells was significantly
suppressed by down-regulation of snaR. Therefore, snaR
knockdown has potential as a treatment modality for triple-
negative breast cancer.

Different types of noncoding RNAs have been identified and
revealed to regulate the expression of various target genes. In
particular, small noncoding RNAs, such as small interfering
RNAs (siRNAs), microRNAs (miRNAs) and Piwi-interacting
RNAs (piRNAs), have been extensively investigated, and

their underlying molecular mechanisms have been well
documented in transcriptional and post-transcriptional
processes. Long noncoding RNAs (lncRNAs), a new class of
transcript, were recently revealed to be widely transcribed in
human and mouse genomes; these are non-protein-coding
transcripts longer than 200 nucleotides. However, the detailed
biological function and mechanism of action of most
lncRNAs are still being identified (1). Based on previous
studies, lncRNAs may participate in a diverse range of
biological processes from cell-cycle control to cell
differentiation through distinct mechanisms at the
transcriptional, post-transcriptional, and epigenetic regulatory
levels, suggesting that lncRNAs serve as oncogenic or tumor-
suppressor genes similar to protein-coding genes (2, 3). 

It has been shown that lncRNAs play a major role as gene-
expression regulatory factors which modulate tumorigenesis
or promote tumor inhibition (1, 4, 5). Although no specific
drug against lncRNAs has been developed, the modulation of
lncRNAs associated with a specific cancer type may be a
novel therapeutic target. In particular, triple-negative breast
cancer (TNBC), which is characterized by the lack of
hormone receptor and human epidermal growth factor
receptor 2 (HER2) gene expression, is difficult to treat by any
immunomodulating agent except chemotherapy. 

In the current study, we explored the expression of
lncRNAs in various breast cancer cell lines based on the
pathological subtypes and further investigated the role of
small NF90-associated RNA (snaR) in proliferation,
migration, and invasion of breast cancer cells including
TNBC.

Materials and Methods
Human breast cancer cell lines. The normal breast epithelial cells
MCF10A and the breast cancer cell lines MDA-MB-231 (basal type,
TNBC), MCF-7 (luminal-A type, estrogen receptor-positive breast
cancer), SKBR3 (HER2-positive breast cancer), T47D (luminal-A
type, estrogen receptor-positive breast cancer), BT474 (estrogen
receptor-positive breast cancer), and BT20 (TNBC) were purchased
from the American Type Culture Collection (Manassas, VA, USA) (6,
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7). MCF10A was maintained in Dulbecco’s modified Eagle’s medium
(DMEM)/F-12 (1:1) medium (Lonza, Walkersville, MD, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco, Grand
Island, NY, USA), 10 ng/ml epidermal growth factor, 0.5 μg/ml
hydrocortisone, 100 ng/ml cholera toxin, and 10 μg/ml insulin. MDA-
MB-231, MCF7, and SK-BR3 were maintained in DMEM (Gibco)
supplemented with 10% FBS. T-47D, BT-20, and BT-474 cells were
cultured in RPMI (Gibco) supplemented with 10% FBS.

RNA extraction and lncRNA profiling. Total RNA was isolated from
cells using RNAiso Plus (Takara, Otsu, Japan), in accordance with
the manufacturer’s instructions. RNA concentration was measured
using NanoDrop ND-2000 (Thermo Scientific, Wilmington, DE,
USA). RNA was treated with DNA-free™ DNase Treatment and
Removal Reagents (Life Technologies, Carlsbad, CA, USA). For
lncRNA expression profiling, 2 μg of total RNA was reverse-
transcribed to cDNA using Human LncProfilers™ qPCR Array Kits
(System Biosciences, Mountain View, CA, USA), in accordance
with the manufacturer’s recommendations. 

Confirmation by quantitative reverse transcription-polymerase
chain reaction (RT-PCR). In order to confirm the LncProfilers™
qPCR Array results, the total RNA in breast cancer cells was
extracted using RNAiso Plus (Takara) and was treated with DNA-
free™ DNase Treatment and Removal Reagents (Life
Technologies). Reverse transcription was performed using
Superscript III RT (Invitrogen, Carlsbad, CA, USA) and random
hexamer (ELPIS-Biotech Inc., Daejeon, South Korea), following the
manufacturer’s protocol. Real-time PCR was performed for relative
quantification of the expression levels of each lncRNA using Power
SYBR Green PCR Master Mix (Applied Biosystems, Foster City,
CA, USA). The 2−ΔΔCT method was used to determine relative gene
expression, and the level of expression was normalized to that of β-
actin (ACTB). The primer sequences for real-time PCR were as
follows: snaR: 5’-ATT GTG GCT CAG GCC GGT T-3’ and 5’-TTT
TTC CGA CCC ATG TGG ACC-3’; urothelial cancer associated 1
(UCA1): 5’-CCC AAG GAA CAT CTC ACC AA-3’ and 5’-GAT
GGT CCA AGG GGC TTC-3’; antisense noncoding RNA in the
INK4 locus (ANRIL): 5’-TTG TTA GAA ACC AGG CTG CAC-3’
and 5’-TTC TCT CTT TCT GTG GTT TCT CAA T-3; 200-
nucleotide-long non-messenger RNA (BC200): 5’-GCC CAG GAG
TTC GAG ACC-3’ and 5’-GCT TTG AGG GAA GTT ACG CTT
AT-3’; small nucleolar RNA host gene 5 (SNHG5): 5’-GAG CAG
CTC TGA AGA TGC AA-3’ and 5’-TTT TAA CCA AGC GAT TTT
CCA-3’; ACTB: 5’-TTG CCG ACA GGA TGC AGA A-3’ and 5’-
GCC GAT CCA CAC GGA GTA CT-3’.

siRNA transfection. siRNAs specific to snaR and control RNA were
synthesized by Cosmogentech (Seoul, South Korea). The sequence
of si-snaR was 5’-CCA CAU GGG UCG GAA AAA AUU-3’, and
the sequence for the negative control (NC), not showing homology
with the human genome, was 5’-UUC UCC GAA CGU GUC ACG
UTT-3’ (12).

Cells were inoculated in a six-well plate (2×105/well) for the
wound-healing assay or a 96-well plate (5×103/well) for the 3-(4,5-
dimethylthiazol-2yl)-2,5-diphenyltetrazolium bromide (MTT) assay.
After culture overnight, cells were transfected using Lipofectamine
RNAiMAX reagent (Invitrogen) with the synthesized specific snaR
or control siRNA. At 48 h after transfection, total RNA was extracted
and the silencing effect was determined by real-time RT-PCR. 

MTT assay. The effect of siRNA interference for snaR on the
proliferation of breast cancer cells was determined by the MTT assay
(Sigma, St. Louis, MO, USA). Cells at a total volume of 200 μl were
inoculated in a 96-well plate, with 5×103 cells in each well. At each
time point, 50 μl of MTT (2 mg/ml) was added to the wells and the
cells were cultured at 37˚C for 4 h. After removal of the medium,
100 μl of dimethyl sulfoxide was added and the mixture was shaken
for 10 min. The optical density was then determined at 570 nm. All
of the experiments were conducted in triplicate.

Wound-healing assay. In order to determine effect of siRNA
interference for snaR on cell migration, MDA-MB-231 cells were
seeded in six-well culture plates and transfected with negative
control siRNA or si-snaR. Next, a line was scratched into the cell
monolayer using a sterile pipette tip, and the cells were further
incubated. Images were then captured with the aid of a microscope
after 0, 24, 48 h of incubation. The data are representative of three
independent experiments. 

Cell invasion assay. For the invasion assay, transwell chambers with
8-μm pores were coated with Matrigel (Corning Inc., Tewksbury,
MA, USA) and incubated at 37˚C for 2 h, allowing it to solidify.
After transfection, cells were resuspended in DMEM containing 1%
FBS and plated in the upper chamber at a density of 1×104 cells.
The lower chamber contained complete medium supplemented with
10% FBS. After incubation for 48 h, the cells on the internal surface
of the chamber bottom were wiped with a cotton swab, fixed with
2% paraformaldehyde, stained with 0.5% crystal violet, and rinsed
with phosphate-buffered saline. Cells were counted in four random
fields for each well chambers under a light microscope.

Statistical analysis. Data are presented as the mean±standard
deviation (SD) of three or more independent experiments. The
differences in experimental results between two groups were
analyzed using Student’s t-test and a statistically significant
difference was defined at p<0.05.

Results
snaR was significantly up-regulated in breast cancer cell
lines. We screened for lncRNAs associated with the breast
cancer cells MDA-MB-231 and MCF7, which represent
triple-negative breast cancer and estrogen receptor-positive
breast cancer, respectively, using qPCR array analyses.
Among 90 lncRNAs, we extracted transcripts that were up-
regulated (expression change >2-fold) or down-regulated
(expression change <0.5-fold) relative to MCF10A and
analyzed them. E2F transcription factor 4, p107/p130-
binding (E2F4) antisense, insulin-like growth factor 2
antisense (IGF2AS), snaR, and SNHG5 were shown to be up-
regulated in MDA-MB-231 cells and 7SK, ANRIL, IGF2AS,
Nespas, p53 mRNA, and snaR were found to be up-regulated
in MCF-7 cells. In addition, BC200, Scm-related gene
containing four mbt domains (SFMBT2), maternally
expressed 9 (MEG9), nucleotide transport (NTT), UCA1, and
yeast ribonucleic acid 1 (YRNA1) were down-regulated in
MDA-MB-231, and SFMBT2 and YRNA1 were down-
regulated in MCF-7 (Tables I and II).

ANTICANCER RESEARCH 36: 6289-6296 (2016)

6290



Confirmation of transcript expression by real-time RT-PCR
in various breast cancer cell lines. In order to confirm the
validity of the array methods, five of the 15 transcripts that
showed significant up- or down-regulation in the array
analysis were selected and subjected to real-time RT-PCR
using RNAs from breast cancer cell lines MCF-10A (normal
breast epithelial cells), MDA-MB-231 (basal type, TNBC),
MCF-7 (luminal-A type, estrogen receptor-positive breast
cancer), SKBR3 (HER2-positive breast cancer), T47D
(luminal-A type, estrogen receptor-positive breast cancer),
BT474 (estrogen-receptor-positive breast cancer), and BT20
(TNBC). The expression of each lncRNA in the breast
cancer cell lines is shown in Figure 1. The expression of
snaR, ANRIL, and SNHG5 in the breast cancer cell lines was
higher than in normal breast cells. In particular, the
expression of snaR was significantly high in the breast
cancer cell lines compared with that in normal breast cells.
Finally, UCA1 and BC200 were significantly down-regulated
in the breast cancer cell lines.

Knockdown of snaR inhibits proliferation, migration, and
invasion of MDA-MB-231 cells. Because snaR was found to
be significantly up-regulated in MDA-MB-231 and MCF7
cells, we selected it from among those dysregulated in breast
cancer cell lines. In order to investigate the functional role
of snaR in breast cancer cells, we treated the MDA-MB-231
cells with an siRNA that knocks down snaR. We also
determined the efficiency of this interference by quantitative
RT-PCR. The specific siRNA was shown to induce
significant down-regulation of the expression of snaR in
MDA-MB-231 cells (Figure 2A). Upon this down-regulation
of snaR, the proliferation of MDA-MB-231 cells was
significantly inhibited, as determined by the MTT assay
(Figure 2B). Furthermore, the migration of MDA-MB-231
cells was found to decrease upon this treatment in a wound-
healing assay (Figure 2C). Functionally, down-regulation of
snaR by siRNA was also undertaken in a third experiment to
assess the invasiveness of MDA-MB-231 cells in an invasion
assay. This showed that the invasiveness of MDA-MB-231
cells was also significantly reduced by the down-regulation
of snaR compared to that in the NC cells (Figure 3). These
combined results (proliferation, migration, and invasiveness)
for the down-regulation of snaR in MDA-MB-231 cells show
that this lncRNA is strongly associated with tumor
progression. 

Discussion

LncRNAs, which are a major part of the noncoding RNA
family, are important modulators and regulators in various
malignancies. Numerous studies on various types of
lncRNA have demonstrated their diverse regulation of
biological function and the knockdown of specific

lncRNAs can have a reverse biological function, which can
be applied to the treatment of cancer. For example, taurine-
up-regulated gene 1 (TUG1), an lncRNA, has been
identified as being up-regulated in hepatocellular
carcinoma; in addition, ANRIL, another lncRNA, is
particularly up-regulated in familial melanoma bladder
cancer (8-10). Furthermore, urothelial carcinoma-associated
1 (UCA1) has been identified as an oncogenic gene in non-
small-cell lung cancer (11). Dysregulation of a specific
lncRNA can thus play a biological role in promoting or
inhibiting cell growth, proliferation, migration, or
apoptosis. However, only few studies on lncRNAs in breast
cancer have been performed (12-15). 

In the current study, diverse breast cancer cell lines based
on molecular subtype, namely MDA-MB-231, MCF7, SK-
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Table I. Details of long noncoding RNA expression levels in MDA-MB-
231 breast cancer cell line. 

Long noncoding          NCBI reference     Expression in MDA-MB-231 
RNA                                   sequence              relative to MCF10A cells

snaR                                NR_004435.1                       9.60±1.50
E2F4 antisense                       N/A                               3.41±1.63
SNHG5                           NR_003038.2                       2.01±0.17
IGF2AS (family)                    N/A                               1.99±0.56
NTT                                    U54776.1                          0.57±0.12
Y RNA-1                         NR_004391.1                       0.54±0.03
MEG9                              EU616813.1                        0.38±0.10
UCA1                              NR_015379.3                       0.26±0.11
BC200                              AF020057.2                        0.16±0.02
SFMBT2                                 N/A                               0.02±0.03

NCBI: National Center for Biotechnology Information; N/A; NCBI
reference sequence information not available.

Table II. Details of the long noncoding RNA expression levels in the
MCF7 breast cancer cell line.

Long noncoding          NCBI reference            Expression in MCF7 
RNA                                   sequence              relative to MCF10A cells

ANRIL                              DQ485453.1                      57.04±16.62
snaR                                NR_004435.1                      16.82±3.44
7SK                                         N/A                               3.53±0.46
IGF2AS (family)                    N/A                               3.28±0.33
Nespas                              AJ251759.1                        1.93±0.36
p53 mRNA                      DA932053.1                        1.81±0.51
DLG2AS (family)                   N/A                               0.43±0.25
YRNA1                            NR_004391.1                       0.35±0.04
SFMBT2                                 N/A                               0.08±0.01

NCBI: National Center for Biotechnology Information; N/A; NCBI
reference sequence information not available.



BR3, T47D, BT474 and BT20, were used to explore the role
of lncRNAs. Although various lncRNAs were expressed
highly in each cell line, snaR and ANRIL were identified as
being predominantly up-regulated in the TNBC cell line
(MDA-MB-231) as well as the hormone receptor-expressing
cell line (MCF7). In particular, snaR was shown to be
16.82±3.44-fold (mean±SD) more highly expressed in the
TNBC cell line.

snaR is a double-stranded RNA that binds important
proteins implicated in multiple cellular functions by in vivo
cross-linking followed by immunoprecipitation, indicating
the possibility that it has a regulatory role in cancer
development and progression (16, 17). Recently, snaR was,
for example, identified to play a role in chemosensitivity to
5-fluorouracil in colon cancer cell lines, suggesting its
potential usefulness for cancer treatment (18).
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Figure 1. Confirmation study of the selected long noncoding RNA in different breast cancer cell lines. Small NF90-associated RNA (snaR) (A),
urothelial cancer associated 1 (UCA1) (B), antisense noncoding RNA in the INK4 locus (ANRIL) (C), 200-nucleotide-long non-messenger RNA
(BC200) (D), and small nucleolar RNA host gene 5 (SNHG5) (E), which were significantly up- or down-regulated in MDA-MB-231 or MCF7 cells,
were selected, and quantitative reverse transcriptase polymerase chain reaction was performed for relative quantification of their expression levels
in MCF10A, MDA-MB-231, MCF7, SK-BR3, T-47D, BT474, and BT20 cells. Data are presented as mean±SD from three independent experiments.



Recent evidence has also revealed that ANRIL regulates
the proliferation, apoptosis, and metastasis of cancer cells in
hepatocellular carcinoma, and lung, ovarian and gastric
cancer, but not breast cancer (19-25). Although the
expression of ANRIL in breast cancer cell lines was up-

regulated, this lncRNA was also expressed in normal breast
cells. In contrast, the difference in expression of snaR was
more significant in breast cancer cell lines than in ANRIL
when compared to the normal breast cell line. The functional
study with the knockdown of snaR proved that blockage of
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Figure 3. The effects of small NF90-associated RNA (snaR) knockdown on MDA-MB-231 cell invasion. A: The cell invasion analysis of MDA-MB-
231 cells upon transfection with si-snaR or negative control scramble (NC) was performed by transwell assays with Matrigel-coated membrane. B:
The number of invasive cells per field is shown. Data are presented as mean±SD. **Significantly different at p<0.005 compared with the NC group. 

Figure 2. Knockdown of small NF90-associated RNA (snaR) suppresses the proliferation and migration of MDA-MB-231 cells. A: The level of snaR
expression was determined in MDA-MB-231 cells upon transfection with si-snaR or negative control scramble (NC) by quantitative reverse
transcriptase polymerase chain reaction. B: Cell proliferation assay following transfection with si-snaR or NC. C: Wound-healing assay. MDA-
MB-231 cells were transfected, cultured to monolayer and scratched with a pipette tip, and images were taken at 0, 24, and 48 h after wound
formation. Data are presented as mean±SD. Significantly different at *p<0.05, and **p<0.005 compared with the NC group.



biological function in snaR improves antitumoral efficacy by
inhibiting cancer cell proliferation, migration and invasion. 

TNBC confers poorer outcomes than other types of breast
cancer (26). Because this group of breast cancer is
characterized by a lack of expression of genes encoding
hormone receptors as well as HER2, any hormone treatment
or target should improve the outcome of patients with this
disease. This explains the difficulty of finding an effective
treatment for TNBC besides chemotherapy. However, based
on several studies, several lncRNAs have been shown to be
up-regulated or overexpressed specifically in TNBC (27,
28). 

We assumed that a specific up-regulated lncRNA can
easily be inhibited by a knockdown technique, although
increasing the expression of a specific lncRNA that is
down-regulated in breast cancer would be difficult. In the
current study, snaR was found to be significantly up-
regulated in MDA-MB-231, TNBC, cells, and its
expression was significantly inhibited by knockdown, as
we expected. Consequently, the proliferation, migration,
and invasion of breast cancer cells were significantly
inhibited. If the knockdown of snaR can be applied
clinically to TNBC, it would provide an innovative
treatment for such cancer.

To the best of our knowledge, this is the first report of
lncRNA snaR in breast cancer cell lines, showing that it
regulates the proliferation, migration and invasion of cancer
cells. However, there are still several barriers to applying a
knockdown technique in treating breast cancer. Firstly, a
further confirmatory study should be conducted at the tissue
level in breast cancer, as well as an in vivo study. Secondly,
we have yet to clarify the mechanism by which snaR
significantly inhibited the proliferation, migration and
invasion of TNBC cells. Further studies with breast cancer
tissue should supply more information that could potentially
lead to a novel treatment of breast cancer.

Conclusion

The lncRNA snaR was found to be up-regulated in breast
cancer cell lines, especially in TNBC cells, and the
proliferation, migration and invasion of TNBC cells were
significantly suppressed by the knockdown of snaR. This
study and further work may lead to snaR becoming a
promising biomarker and therapeutic targeting agent for
clinical application in TNBC.
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