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Abstract
Long non-coding RNAs (lncRNAs) are non-coding RNAs longer than 200 nucleotides that function
as regulatory factors in many human diseases, including cancer. However, majority of lncRNAs
remain to be characterized. In this study, we characterized a novel lncRNA transcript, named
UNC5B antisense RNA1 (UASR1). UASR1 is 647bp in length consisting of two exons. This lncRNA
is an antisense of intron 1 of unc-5 netrin receptor B (UNC5B) gene. In breast cancer tissues,
UASR1 was upregulated. Ectopic expression of UASR1 promoted proliferation and clonogenic
growth of breast cancer cells MCF7 and MDA-MB-231. The migration of these cells also increased
as demonstrated by wound healing and transwell assays. In contrast, silencing of UASR1 suppressed
cell proliferation and migration. Further studies showed that UASR1 activated AKT and
AKT-mediated mTOR signaling pathway to stimulate cell proliferation and growth. In these cells,
active pAKT, pTSC2, p4EBP1 and pp70S6K were increased. Taken together, our data suggest that
UASR1 plays an oncogenic role in breast cancer cells through activation of the AKT/mTOR signaling
pathway, being a novel RNA oncogene.
Key words: Long non-coding RNA, UASR1, oncogenic lncRNA, AKT/mTOR, Breast cancer.

Introduction
Only 1.5% of nucleic acids in human genome are
used for protein encoding, but other 98.5% of the
genome does not encode proteins. Some of them are
for non-coding RNA transcripts longer than 200
nucleotides, called long non-coding RNAs (lncRNAs)
[1, 2]. To date, it is well known that lncRNAs
participate in chromatin modifications and
transcriptional and translational regulation of
protein-encoding genes or regulate protein function
and activity through specific binding [3-5].
In tumor tissues, lncRNAs are markedly

deregulated
and
pervasively
involved
in
development and progression of cancers [6-8]. In
breast cancer, lncRNAs are abnormally expressed and
demonstrate differential expression in subtypes of
tumors [9, 10]. Some lncRNAs affect the growth and
development of breast cancer by regulating cell
proliferation and apoptosis, and others are involved
in invasion and metastasis and drug resistance of
breast cancer [6]. For instance, H19 is the first lncRNA
transcribed by RNA polymerase II and is expressed
mainly in human embryonic cells. H19 gene is
http://www.jcancer.org
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reactivated and up-regulated during tissue
regeneration or tumorigenesis [11, 12]. Oncogene
E2F1 is an important transcription factor, promoting
cell growth and proliferation, and c-Myc is an
oncogene activated in multiple tumors; both E2F1 and
c-Myc are stimulating factors of H19 expression, and
the H19 lncRNA functions as a downstream effector
of c-Myc and E2F1 in tumor development and
progression [11]. H19 may play as an oncogene or
suppressor depending on tumor types [13].
HOX antisense intergenic RNA (HOTAIR) is
overexpressed in multiple malignant tumors, such as
breast cancer, liver cancer and colon cancer [14]. In
breast cancer, HOTAIR promotes transformation of
normal epithelial cells by competitively binding to the
tumor suppressor BRCA1 [15, 16]. HOTAIR is
upregulated in primary and metastatic breast cancer
when compared to the normal breast epithelium, and
the expression of HOTAIR is associated with distant
metastasis and poor prognosis of patients [17].
Therefore, oncogenic HOTAIR is an independent
prognostic factor in breast cancer.
Breast cancer is a leading cause of cancer death
in women, and in the United States, over 266,000 new
invasive breast cancer cases plus 63,000 new
carcinoma in situ (CIS) are diagnosed annually,
leading to more than 40,000 cancer death [18].
LncRNAs function as tumor suppressors or
oncogenes in the development and progression of
breast cancer [19, 20]. Several lncRNAs have been well
characterized in breast cancer, such as HOTAIR and
BORG [21, 22], but lncRNAs that are involved in
breast cancer and their pathogenic role in disease
progression remain to be fully understood. In this
study, we characterized a novel oncogenic lncRNA,
named UNC5B antisense RNA 1 (UASR1). This
UASR1 lncRNA, encoded by a gene located at 10q22.1
chromosome, consists of two exons with 647bp in
length (Gene ID: 728978). Our data demonstrated that
UASR1 promoted growth and migration of breast
cancer cells through activation of the AKT/mTOR
signaling pathway, functioning as an oncogene in
breast cancer.

Materials and Methods
Human sample procurement. Frozen breast
cancer (n=30 pairs) and matched normal adjacent
tissues were procured following approved IRB
protocol from the Tissue Bank of Simmons Cancer
Institute at the Southern Illinois University,
Springfield, IL. These frozen specimens were used for
RNA extraction and real-time RT-PCR analyses of
UASR1 expression.
Cell culture. Human breast cancer cells (MCF7
and MDA-MB‑231) were cultured in Dulbecco's
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modified Eagle's medium (DMEM; Thermo Fisher
Scientific, Waltham, MA) supplemented with 10%
FBS (Sigma-Aldrich, St. Louis, MO) and 1%
penicillin/streptomycin at 37˚C, 5% CO2. The basal
medium for HEK 293T cells was the same as that for
MCF7 cells, but 2.0 mM L-glutamine was added. All
cells were purchased from the American Type Culture
Collection (ATCC) (Manassas, VA).
RNA preparation and quantitative RT-PCR.
Total RNA was extracted using TRIzol reagent
(Invitrogen, CA). RNA was treated with RNase-free
DNase I and the first strand cDNA was synthesized
from 1.0μg of total RNA with oligo dT primers and
Moloney Murine Leukemia Virus (M-MLV) reverse
transcriptase according to the manufacturer's protocol
(New England Biolab, Beverly, MA). To detect the
UASR1 transcript, SYBR Green mix was used with
UASR1 primers: forward, 5'-GCGGATCGCAGACCC
TAAG-3' and reverse, 5'-GAGAACACTTTGCGGA
AGGC-3'. The internal control was β-actin. ΔΔCt
values were used to determine relative expression
levels as fold changes [23].
Plasmid construction. For ectopic expression of
UASR1, its cDNA was amplified by RT-PCR and then
subcloned into the pCDH-CMV-EF1-copGFP vector
(System Biosciences, Mountain View, CA). High
Fidelity Phusion DNA polymerase (Thermo Fisher
Scientific, FL) was used for PCR amplification, and
conventional sequencing was conducted to confirm
the DNA sequence. PCR primers for UASR1
subcloning were: forward, 5'-CCCTCCTCAAACA
CACATCC-3' and reverse, 5'-TTAAGGAAATTAAA
AATACC.
Three shRNA constructs were designed to knock
down UASR1 expression. shRNA-1 is forward
5'-CACCTGCTTAATACACATT-3' and reverse 5'-AA
TGTGTATTAAGCAGGTG-3'; shRNA-2 is forward
5'-CCTCAGGGAAATGCATGGA-3' and reverse
5'-TCCATGCATTTCCCTGAGG-3'; and shRNA-3 is
forward 5'-CCGCAAAGTGTTCTCTCCTT-3' and
reverse 5'-AAGGAGAGAACACTTTGCGG-3'.
Cell transfection and infection. For packaging
of lentiviruses, HEK 293T cells were seeded in 10cm
dishes. Cells were transfected with UASR1 expression
or shRNA plasmids plus packaging plasmids REV,
VSVG and GAG for 24h. Then the medium was
changed and cells were continued to culture for 48
-72h to collect viral particles [24]. For infection, cells
were spread at 60% of confluence and exposed to
lentiviruses (MOI=1) with 1:2000 diluted Polybrene
(Millipore, Billerica, MA).
Cell proliferation. For cell proliferation assays,
cells were split into 96-well plates at 2000-3000
cells/per well. Viable cells were measured by
tetrazolium salt, 3-(4,5-dimethylthiazol-2-yl)-2,5http://www.jcancer.org
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diphenyltetrazolium bromide (MTT) assays over 5
days [25]. For cell counting assays, cells were split into
12-plates. At the indicated time points, cells were
collected and subjected to trypan blue staining. Viable
cells were counted in a Vi-cell counter (Beckman
Coulter, Brea, CA). For rapamycin treatment, cells
were fed with fresh medium containing rapamycin
(20 nM) for 24 hours and then subjected to counting.
Colony formation assays. Cells were harvested
by trypsin and seeded in 6‑well plates (100
cells/well). The culture medium was refreshed every
three days. Once colonies formed were visible, cells
were rinsed twice with phosphate buffered saline
(PBS) followed by fixation with 4% paraformaldehyde
and staining with Giemsa for 5 min. The number of
colonies was photographed and counted.
Wound healing assays. Cells were seeded in
6-well plates at 90% confluence and cultured in
medium supplemented with 2% FBS. Scratches were
made using a 200μl tip. Migration distance was
estimated with photographs taken at each time point
[26].
Transwell
migration
assays.
Transwell
migration assays were performed using 8.0μm pore
inserts (BD Biosciences, San Jose, CA). A total of
2-5x104 cells were suspended in 500μl serum-free
medium and loaded into upper wells; lower chambers
were filled with 750μl complete medium with 10%
FBS. Migration chambers were incubated in a 5% CO2
incubator at 37˚C for 36-48h. Cells were then stained
and counted for 5 random microscope fields [27].
Western blotting. Cells were lysed in a cell lysis
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buffer (Roche, IN) with a protease inhibitor cocktail
followed by centrifugation at 14,000 rpm for 5 min to
collect soluble proteins in supernatant. Cell lysates
were separated by 10~12% SDS-polyacrylamide gel
electrophoresis (SDS-PAGE), transferred onto 0.22μm
PVDF membranes (Millipore, CA) [28]. The
membranes were incubated with an appropriate
primary antibody with gentle shaking at 4˚C
overnight. After incubation with a goat anti-rabbit or
anti-mouse secondary antibody at 37˚C for 1h. Protein
bands were visualized using an enhanced
chemiluminescence.

Results
Identification of a novel long non-coding RNA
transcript UASR1. Unc-5 netrin receptor B (UNC5B)
is a ligand-dependent receptor. In absence of netrins,
the intracellular death domain is cleaved by caspase 3
and then combined with death associated protein
kinase (DAPK) to induce cell apoptosis; however, in
the presence of netrins, the death domain is not
cleaved, and apoptosis is inhibited [29]. The lncRNA
LOC28978 (Gene ID: 728978) is named UNC5B
antisense RNA 1 (UASR1) and we investigated its
function in this study. DNA sequence analyses
indicated that UASR1 is located in intron 1 of UNC5B
gene (Fig. 1A). The intron 1 of UNC5B gene is
composed of 66,758bp and UASR1 is located at 5,164
to 4,160bp as an antisense. UASR1 RNA is 647bp in
length, consisting of two exons; the intron of UASR1
gene is 358bp in length (Supplementary Figure S1).

Figure 1. Chromosomal location and expression of UASR1 in breast cancer tissues. (A) UASR1 chromosome localization. Data were edited from the
web page https://www.ncbi.nlm.nih.gov/gene/?term=728978. (B) UASR1 expression in breast cancer tissues (n=30 pairs). Total RNA extracted from tissues was
converted into cDNA for templates. UASR1 RNA levels were determined by quantitative real-time RT-PCR using the SYBR Green technology. ΔΔCt values were
used to determine relative expression levels. Data are expressed as fold over the UASR1 level in the matched adjacent normal tissues.

http://www.jcancer.org
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Figure 2: Breast cancer cell growth promoted by UASR1. (A) Expression or shRNA-mediated silencing of UASR1 in MCF7 and MDA-MB-231 cells. Cells
were infected with lentivirus pCDH (vector control), UASR1, pGreenpuro (vector control), shRNA-2 or shRNA-3 for 96 hours. UASR1 mRNA levels were detected
by SYBR Green quantitative real-time RT-PCR with β-actin mRNA as an internal control. **P<0.01 compared to vector control. (B) MTT assays. Viable cells were
measured by a tetrazolium salt, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) method as described in Material and Methods. Upper panel:
UASR1 expression; lower panel: UASR1 silencing. Data indicate mean ± SD from three independent experiments. *P<0.05 and **P<0.01 compared to vector controls.

UASR1 is up-regulates in breast cancer tissues.
To investigate the biological function of UASR1, we
first evaluated the expression of UASR1 in breast
cancer tissues. As shown in Fig. 1B, in 30 paired breast
cancer and adjacent normal tissues, UASR1
expression was increased in 24 (80%) breast cancer
tissues compared to the adjacent normal breast
tissues, in which UASR1 was increased by ＞2.0 fold
in 15 (50%) breast cancer cases. These data imply that
UASR1 may be a new oncogenic RNA transcript in
breast cancer.
UASR1 promotes growth and proliferation of
breast cancer cells. To estimate the biological function
of UASR1 in breast cancer cells, we used the lentivirus

system to deliver UASR1 cDNA or shRNA for
targeted expression or silencing in breast cancer cells
MCF7 and MDA-MB-231. Empty vectors were used as
controls, and RT-qPCR was used to verify the
expression of UASR1 in these cell models (Fig. 2A).
We tested three UASR1 shRNAs, and our data
showed that shRNA-2 and shRNA-3 effectively
knocked down UASR1 expression to 20~30% in MCF7
and MDA-MB-231 cells. The shRNA-1 did not work
efficiently (data not shown).
We then observed the effect of UASR1
expression on growth and proliferation of breast
cancer cells. Results showed that UASR1 expression
increased the growth and proliferation of MCF7 and
http://www.jcancer.org
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MDA-MB-231 cells compared to the empty vector
control (Fig. 2B, upper panel). In contrast, silencing of
UASR1 inhibited the cell growth and proliferation in
MCF7 and MDA-MB-231 cells (Fig. 2B, lower panel).
The stimulation of UASR1 on proliferation of MCF7
and MDA-MB-231 cells was further confirmed by cell
counting assays (Fig. 3A).
Clonogenic growth is a key feature of cancer
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cells. We further estimated the effect of UASR1 on
clonogenicity of breast cancer cells. As shown in Fig.
3B, UASR1 expression promoted colony formation in
MCF7 cells compared to the vector control. In
contrast, UASR1 silencing inhibited the colonization
of MCF7 cells. Together these data suggest that
UASR1 promotes the cell growth and proliferation in
breast cancer.

Figure 3: Proliferation and clonogenic growth of breast cancer cells promoted by UASR1. (A) Cell proliferation by viable cell counting. Cells
(3x104/well) were spread into 12-well plates. At the indicated time points, cells were collected by trypsinization and subjected to trypan blue staining. Viable cells were
counted using a Vi-cell counter. Upper panel: UASR1 expression; lower panel: UASR1 silencing. *P<0.05 and **P<0.01 compared to controls. (B) Colony formation
assays. Cells (100 cells/well) were seeded in 6-well plates. After 2 weeks, visible colonies were fixed with 4% paraformaldehyde and stained with Giemsa for 5 min
to photograph and count colony number. Data indicate mean ± SD from three independent experiments. *P<0.05 and **P<0.01 compared to controls.
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Figure 4: Wound healing and migration of breast cancer cells enhanced by UASR1. UASR1 cDNA or shRNAs were delivered by lentiviral vectors into
MCF7 and MDA-MB-231 cells, and would healing and migration assays were conducted as described in Materials and Methods. (A) Ectopic UASR1 expression. Upper
panel: wound healing; lower panel: migration. Bar charts indicate the cell number migrated. Data indicate mean ± SD from three independent experiments. **P<0.01
compared to controls. (B) UASR1 silencing in MCF7 cells. Left panel: wound healing; right panel: migration. Bar charts indicate cell number migrated. Data indicate
mean ± SD from three independent experiments. **P<0.01 compared to controls.

UASR1 promotes migration of breast cancer
cells. We further tested the effect of UASR1 on
migration of breast cancer cells by wound healing and
transwell migration assays. As shown in Fig. 4A,
targeted expression of UASR1 promoted wound
healing and cell migration through micro-holes in
transwells in MCF7 and MDA-MB-231 cells compared

to the vector controls. In contrast, silencing of UASR1
inhibited the wound healing and migration of breast
cancer cells (Fig. 4B and Supplementary Fig. S2A &
B). These data suggest that UASR1 promotes wound
healing and migration of breast cancer cells.
UASR1 promotes cell proliferation and
migration through activation of the AKT/mTOR
http://www.jcancer.org
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signaling pathway. After we determined the role of
UASR1 in growth and proliferation of breast cancer,
we moved forward to investigate the underlying
mechanism of action. UASR1 is an antisense of
UNC5B (intron 1), and thus we first estimated the
effect of targeted expression of UASR1 on cellular
UNC5B protein levels and neither ectopic expression
nor silencing of UASR1 altered UNC5B protein levels
(data not shown), indicating that UASR1 does not
function via targeting UNC5B.
We thus did a broad exploration on the effect of
UASR1 on major cell growth signaling pathways,
such as AKT, c-Myc and ERK. As a result, UASR1
notably affected the cellular level of pAKT, but not
c-Myc and pERK levels. As shown in Fig. 5A, targeted
expression of UASR1 increased pAKT (Thr308 and
Ser473) in MCF7 and MDA-MB-231 cells, indicating
that UASR1 may regulate cell proliferation by
oncogenic AKT signaling pathway. We then explored
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the downstream targets/effectors of AKT, and the
results showed that pTSC2 and pmTOR expression
was increased by UASR1 (Fig. 5A). The mTOR is an
important serine-threonine protein kinase that
regulates the proliferation, survival and migration of
cells by activating downstream effectors 4EBP1 and
p70S6K and protein translation/synthesis (33, 34).
Our results showed that p-4EBP1 and p-p70S6K levels
were increased by UASR1 (Fig. 5A). In contrast,
UASR1 silencing led to a decrease in the pTSC2,
pmTOR, p4EBP1 and pp70S6K in MCF7 cells (Fig. 5B)
and MDA-MB-231 cells (Supplementary Fig. S2C).
Furthermore, rapamycin (20 nM) abolished the
induction of cell proliferation by UASR1
(Supplementary Fig. S3). Taken together, these
results suggest that UASR1 promotes proliferation of
MCF7 and MDA-MB-231 cells through control of the
AKT/mTOR pathway.

Figure 5: Activation of the AKT/mTOR pathway by UASR1. Cell lysates were collected with lysis buffer containing phosphatase inhibitors as described in
Materials and Methods and then subjected to Western blot analysis of effector proteins pAKT, p-mTOR, p-TSC2, p-p70S6K (Ser371 and Thr389) and p-4EBP1. (A)
Activation of the AKT/mTOR pathway by UASR1 expression. (B) Inhibition of the AKT/mTOR pathway by UASR1 silencing.
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Figure 6: A hypothetic functional model of UASR1. UASR1 promotes
cell proliferation and migration through phosphorylation activation of the
AKT/mTOR pathway. Expression of UASR1 enhances phosphorylation of AKT.
Phosphorylated active AKT in turn phosphorylates and activates mTOR.
Activated AKT also phosphorylates and inhibits TSC1/TSC2 complex, further
activating mTORC1. Activated mTORC1 then phosphorylates and activates
p70S6k and 4E-BP1 to stimulate protein synthesis and cell proliferation.

Discussion
LncRNAs play an important role in tumor
development and progression. Abnormal expression
of lncRNAs is observed in many types of human
cancers, including colorectal cancer, liver cancer, and
breast cancer [30, 31]. This study characterized a new
lncRNA, UASR1 located in the intron 1 of a tumor
suppressor UNC5B gene in the antisense direction.
UASR1 was upregulated in breast cancer and
promoted growth and migration of breast cancer cells
through activation of the AKT/mTOR signaling
pathway.
To explore the possible role of UASR1 in breast
cancer, we started this study with estimate of the
UASR1 expression in tumor tissues. The data showed
that UASR1 was upregulated and may play an
oncogenic role in breast cancer. Unlimited growth and
proliferation and enhanced migration of cancer cells
are common features and triggered by oncogenes,
leading to development and progression of cancer.
Therefore, we investigated the effect of UASR1
expression or silencing on proliferation and migration
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of breast cancer cells. Our data showed that UASR1
promoted the growth and proliferation of breast
cancer cells. UASR1 also enhanced wound healing
and migration of breast cancer cells when it was
targetedly expressed. In contrast, silencing of UASR1
inhibited the proliferation and migration of breast
cancer cells. Furthermore, clonogenic growth of breast
cancer cells was also enhanced by UASR1. These
results suggest UASR1 as an oncogenic lncRNA in
breast cancer.
DNA sequence analyses identified UASR1 as an
antisense of the intron 1 of UNC5B gene. Targeted
expression or silencing of UASR1 did not affect the
expression of UNC5B. Thus UASR1 may not function
through UNC5B, and we started to explore the
UNC5B-independent mechanisms of action of UASR1
in breast cancer cells. LncRNAs function as a
tumorigenic regulator through modulating cellular
signaling networks [32]. AKT, also called protein
kinase B, is a serine-threonine kinase, regulating a
major oncogenic signaling in tumorigenesis [33, 34].
Activated PI3K produces second messenger PIP3 on
cell membrane, which serves as a docking site
through the PH domain of AKT and translocates AKT
in cytoplasm to the cell membrane and in turn,
3-phosphoinositide-dependent
protein
kinase-1
(PDK1) catalyzes Thr308 phosphorylation of AKT.
Furthermore, PDK2 phosphorylates Ser473 of AKT to
make full activation of AKT. Activated AKT enters the
cytoplasm or nucleus and activates or inhibits
downstream effectors, such as mTOR, GSK-3β and
FOXO1. Our results showed that UASR1 activated
AKT with increased phosphorylation at Thr308 and
Ser473, but it is currently unknown how UASR1
activates the phosphorylation of AKT. UASR1 may
function as an adaptor to couple AKT with kinases for
phosphorylation; UASR1 may also bind to AKT and
blocks phosphatases for dephosphorylation. Detailed
mechanistic study is warranted.
AKT is a key activator of mTOR signaling.
Mammalian target of rapamycin (mTOR) protein is a
kinase. AKT directly phosphorylates Ser2448 of
mTOR, activating mTOR signaling cascade[35];
Activated
AKT
also
catalyzes
Thr1462
phosphorylation of TSC2 and inhibits the formation of
TSC1/TSC2 complexes [36]. The TSC1/TSC2 complex
is a main negative regulator of mTOR activity, and
inhibition of the TSC1/TSC2 complex by Thr1462
phosphorylation would further activate mTOR [36].
Therefore, AKT activates mTOR signaling through
both direct phosphorylation activation of mTOR
protein and inhibition of the TSC1/TSC2 complex.
The activated mTOR then phosphorylates and
activates 4E-BP1, and leads to eIF-4E dissociation and
activation, enhancing the formation of translation
http://www.jcancer.org
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initiation complexes and protein synthesis [37]. In
addition, mTOR phosphorylates p70S6K, leading to
ribosomal 40S subunit binding to translation
complexes and increase of translation efficiency [38].
Activation of the AKT/mTOR signaling pathway is
closely related to development of tumors, stimulating
cell proliferation and migration [39]. In this study, we
found that AKT activated by UASR1 triggered
phosphorylation of mTOR that in turn activated
phosphorylation of 4EBP1 and P70S6K, stimulating
proliferation of breast cancer cells (Fig. 6).
In conclusion, this study characterized a new
lncRNA, named UASR1. UASR1 was upregulated in
breast cancer tissues and promoted breast cancer cell
growth, proliferation, wound healing and migration
through activation of the AKT/mTOR signaling
pathway. UASR1 plays an oncogenic role in breast
cancer and be a potential target for breast cancer
management.

Supplementary Material
Supplementary figures and tables.
http://www.jcancer.org/v10p2025s1.pdf
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