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ABSTRACT

Purpose: Non-coding RNA activated by DNA damage (NORAD) has been reported to be 
a cancer-related long non-coding RNA (lncRNA) implicated in the progression of several 
cancers; however, its role in breast cancer (BC) has not yet been clarified.
Methods: Quantitative real-time polymerase chain reaction was used to examine NORAD, 
microRNA (miR)-155-5p, and suppressor of cytokine signaling 1 (SOCS1) mRNA expression 
levels. Western blotting was used to analyze SOCS1 protein expression. The malignancy 
of BC cells was assessed using the cell counting kit-8 (CCK-8), BrdU, and Transwell assays. 
Bioinformatics analysis, RNA immunoprecipitation assay, and dual-luciferase reporter 
gene assays were used to verify the targeted relationship between NORAD and miR-155-5p. 
Additionally, the regulatory effects of NORAD and miR-155-5p on SOCS1 expression were 
determined by western blotting.
Results: NORAD expression was significantly reduced in BC cell lines and tissues, and its low 
expression was associated with poor tumor tissue differentiation. NORAD overexpression 
repressed BC cell proliferation, migration, and invasion, whereas its knockdown produced 
the opposite effects. Additionally, miR-155-5p was found to be a target of NORAD, and 
the biological functions of miR-155-5p and NORAD were counteractive. MiR-155-5p was 
confirmed to target SOCS1, and SOCS1 was found to be positively regulated by NORAD.
Conclusion: NORAD suppresses miR-155-5p to upregulate SOCS1, thereby repressing the 
proliferation, migration, and invasion of BC cells.
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INTRODUCTION

Breast cancer (BC) is one of the most common causes of cancer-related deaths among women 
[1]. Although radical surgery, radiotherapy, chemotherapy, targeted-therapy, and endocrine 
therapy have reduced the mortality of patients with BC, treatment failures are still common 
in clinical practice [2,3]. Therefore, there is an urgent need to decipher the mechanism of BC 
progression and identify novel therapeutic targets.
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Long non-coding RNAs (lncRNAs) are transcripts longer than 200 nucleotides in length 
that do not encode proteins [4]. Over the past few years, several studies have indicated that 
lncRNAs are vital in regulating tumor growth and metastasis [5]. For instance, lncRNA 
TUC338 accelerates lung cancer progression by regulating the mitogen-activated protein 
kinase pathway [6]. Furthermore, lncRNA MALAT1 inhibits BC metastasis, while lncRNA 
ITGB2-AS1 facilitates BC cell metastasis by upregulating ITGB2 [7,8]. As a member of the 
lncRNA family, non-coding RNA activated by DNA damage (NORAD) is associated with 
the progression of multiple cancers, such as gastric, pancreatic, and thyroid cancers [9]. 
However, the role of NORAD in BC remains controversial, as high NORAD expression was 
reported to predict poor prognosis in patients with BC and activate the transforming growth 
factor (TGF)-β pathway to drive the metastasis of BC cells [10]; whereas another study 
reported that NORAD functioned as a tumor suppressor in BC by repressing S100P-elicited 
pro-metastatic signaling [11]. Therefore, its role in BC is not fully understood.

In this study, we demonstrated that NORAD was downregulated in BC tissues and cell lines, 
and functionally, NORAD suppressed the malignancy of BC cells, which indicated that 
NORAD functions as a tumor-suppressor. Mechanistically, NORAD functions as a competing 
endogenous RNA (ceRNA) for miR-155-5p, reduces its expression, and positively regulates 
suppressor of cytokine signaling 1 (SOCS1).

METHODS

Tissue samples and ethics statement
BC and adjacent tissue samples were obtained from 46 patients who underwent surgery. 
The tissues were immediately stored in liquid nitrogen following resection. The collection 
and use of human tissue samples were authorized by the Institutional Review Board (IRB) of 
Yichang Central People's Hospital (IRB approval number: 2017036). All participants provided 
informed consent.

Cell culture
The normal mammary epithelial cell line MCF-10A and BC cell lines HCC70, MCF-7, SK-
BR-3, and T-47D were purchased from the Cell Center of the Chinese Academy of Sciences 
(Shanghai, China). These cells were cultured in RPMI-1640 medium (Hyclone, South Logan, 
USA) supplemented with 100 U/mL penicillin, 100 μg/mL streptomycin (Invitrogen, Carlsbad, 
USA), and 10% fetal bovine serum (FBS) (Invitrogen) in a thermostatic incubator perfused 
with 5% CO2 at 37°C.

Cell transfection
MCF-7 and HCC70 cells in the logarithmic growth phase were selected. After trypsinization, 
the cell suspension was plated in 6-well plates (1 × 105 cells/well) and cultured for 24 hours 
in 5% CO2 at 37°C. Subsequently, the cells were transfected with pcDNA-NORAD, NORAD 
small interfering RNA (siRNA; si-NORAD), miR-155-5p mimics/inhibitors, and their negative 
controls (Biosettia Inc., San Diego, USA) using Lipofectamine® 3000 transfection reagent 
(Invitrogen) according to the manufacturer's instructions. At 48 hours after transfection, 
the transfection efficiency was validated by quantitative real-time polymerase chain reaction 
(qRT-PCR).
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qRT-PCR
Total RNA was extracted from the cells using TRIzol reagent (Invitrogen), and the PrimeScript 
RT Reagent Kit (TaKaRa, Dalian, China) was used to synthesize cDNA. The mRNA expression 
levels of NORAD, miR-155-5p, and SOCS1 were determined using SYBR® Premix Ex Taq™ 
(TaKaRa). The relative expression levels of these genes were normalized to U6 or GAPDH 
using the 2−ΔΔCT method. The primer sequences used in this study are listed in Table 1.

Cell counting kit-8 (CCK-8) assay
The transfected HCC70 and MCF-7 cells were transferred to 96-well plates (2,000 cells/
well) and cultured at 37°C. Cell viability was evaluated every 24 hours using the CCK-8 Kit 
(Dojindo Molecular Technologies, Inc., Kumamoto, Japan) according to the manufacturer's 
instructions. Four days later, the proliferation curves were plotted based on the cell viability 
for each day.

BrdU assay
In brief, cells were transferred into a culture dish (35 mm; with a cover slip in each well), 
and after culturing for 1 day, they were synchronized with medium containing 4% FBS for 3 
days. Then, BrdU solution (BD Pharmingen, San Diego, USA) was added, and the cells were 
cultured for 4 hours at 37°C. Next, the culture solution was discarded, the cover slips were 
rinsed with phosphate-buffered saline (PBS) thrice, and the cells were fixed with methanol 
and air dried. The cells were blocked with rabbit serum. Subsequently, the slides were washed 
with PBS, and anti-BrdU antibody (Abcam, Shanghai, China) was added to the cells and 
incubated at 37°C for 2 hours. DAPI staining solution (BD Pharmingen) was then added to 
stain the nuclei. Five fields of view (× 200), randomly selected from each slide, were observed 
under a fluorescence microscope, and the percentage of BrdU-positive cells was calculated.

Transwell assays
For the migration assay, transfected HCC70 and MCF-7 cells were harvested, resuspended 
in serum-free medium, and the cell concentration was adjusted to 1.0 × 105 cells/mL. Next, 
200 μL of the cell suspension was added to the upper chamber of a Transwell® system 
(Corning, Beijing, China), and the lower chamber was replenished with medium containing 
10% FBS. After 24 hours of culture, cotton swabs were used to remove the cells remaining 
in the upper chamber. The cells on the lower surface of the Transwell membrane were fixed 
with 4% paraformaldehyde and stained with 0.1% crystal violet solution. The membranes 
were washed with tap water, dried, and the cells were then observed and counted under a 
microscope. For the invasion assay, the Transwell® membranes were precoated with a layer 
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Table 1. Sequences used for qRT-PCR
Name Primer sequences
NORAD Forward: 5′-TGATAGGATACATCTTGGACATGGA-3′

Reverse: 5′-AACCTAATGAACAAGTCCTGACATACA-3′
miR-155-5p Forward: 5′-UUAAUGCUAAUUGUGAUAGGGGU-3′

Reverse: 5′-CCCUAUCACGAUUAGCAUUAAUU-3′
U6 Forward: 5′-GAGGGTTAATGCTAATCGTGATAGG-3′

Reverse: 5′-GCACAGAATCAACACGACTCACTAT-3′
SOCS1 Forward: 5′-GGTCCCCCTGGTTGTTGTA-3′

Reverse: 5′-GTTGGTTGGTGTGTGGGAGC-3′
GAPDH Forward: 5′-TAGGAGGTGCGAGTTCAGGT-3′

Reverse: 5′-GGCTGTTGTCATACTTCTCATGG-3′
qRT-PCR = quantitative real-time polymerase chain reaction; NORAD = non-coding RNA activated by DNA 
damage; miR = microRNA; SOCS1 = suppressor of cytokine signaling 1; GAPDH = glyceraldehyde 3-phosphate 
dehydrogenase.



of Matrigel (BD Biosciences, Franklin Lakes, USA). The remaining steps in the protocol were 
identical to those used in the migration assay.

Terminal deoxynucleotidyl transferase (TdT) dUTP Nick-End Labeling (TUNEL) 
assay
Apoptotic cells were determined by TUNEL staining using an In Situ Cell Death Detection 
Kit (Roche Diagnostics GmbH, Mannheim, Germany), according to the manufacturer's 
instructions. Images were captured with an Olympus BX41 fluorescence microscope 
equipped with an OlympusDP72 color digital camera. Five photos (magnification ×250) 
were randomly captured in each sample. The percentage of TUNEL-positive cells in the total 
number of cells was used to calculate the apoptotic rate.

Dual-luciferase reporter assay
StarBase (http://starbase.sysu.edu.cn/index.php) was used to predict the binding site 
between NORAD and miR-155-5p, and PCR was used to amplify the binding fragments 
between miR-155-5p and NORAD. Subsequently, the amplified products were inserted into 
pGL3-promoter plasmid vector (Promega, Madison, USA) to construct a wild-type (WT) 
reporter. Site-directed mutagenesis of the binding fragments was performed to construct 
a NORAD mutant (MUT) reporter. Next, 293T cells were co-transfected with recombinant 
reporter plasmids and miR-155-5p mimics or miR-control. At 48 hours after transfection, 
the cells were collected, and a Dual-luciferase Reporter Kit (Promega) was used to detect 
luciferase activity. The firefly luciferase activity was normalized to that of the renilla.

RNA immunoprecipitation (RIP) assay
The direct interaction between miR-155-5p and NORAD was examined using the Magna 
RIP™ RNA-Binding Protein Immunoprecipitation Kit (Millipore, Billerica, USA). RIP lysis 
buffer was used to lyse the BC cells. Next, the lysate was incubated with anti-argonaute 2 
(Ago2) or control anti-immunoglobulin G (IgG) antibodies conjugated to magnetic beads for 
6 hours at 4°C. After the mixtures were incubated with proteinase K, RNA was extracted from 
the immunoprecipitates using the TRIzol method. qRT-PCR was then performed to detect 
the expression of NORAD.

Western blot analysis
Radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime, Shanghai, China) was used 
to lyse BC cells and tissues, and a BCA Protein Assay Kit (Bio-Rad, Hercules, USA) was used 
to determine the protein concentration. The protein samples were separated by sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), and then transferred 
onto polyvinylidene fluoride (PVDF) membranes (Beyotime). The membranes were then 
blocked with 5% non-fat milk followed by incubation with primary anti-SOCS1 (1:1,000, 
ab62584, Abcam) and anti-γH2AX (1:1,000, ab81299, Abcam) antibodies for 12 h at room 
temperature. Next, the membranes were washed with Tris-buffered saline containing 0.1% 
Tween 20 (TBST), and incubated for 1 h with horseradish peroxidase (HRP) conjugated 
secondary antibodies at room temperature. An Amersham Imager 600 instrument (GE 
Healthcare, Chicago, USA) was used to visualize the protein bands developed using the ECL 
Kit (Beyotime).

Statistical analysis
Data are presented as the mean ± standard deviation (SD). Statistical analysis was performed 
using GraphPad Prism 8.0 Software (GraphPad Inc., San Diego, USA). Student's t-test was 
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used to analyze the differences between two groups, and Pearson's correlation analysis 
was conducted to examine the correlation between NORAD and miR-155-5p expression. 
Statistical significance was set at p < 0.05.

RESULTS

NORAD expression is downregulated in BC tissues and cells
The StarBase database revealed that NORAD expression was markedly reduced in BC samples 
compared to that in normal samples (Figure 1A). Next, we used qRT-PCR to analyze NORAD 
expression in 46 paired BC and adjacent tissue samples. Consistent with the StarBase data, 
qRT-PCR results also showed that NORAD expression was lower in BC tissues compared 
to that in adjacent tissues (Figure 1B). Subsequently, NORAD expression was analyzed in a 
normal mammary epithelial cell line (MCF-10A) and four different BC cell lines (HCC70, 
MCF-7, T-47D, and SK-BR-3). The results showed that NORAD expression was also reduced 
in BC cell lines (Figure 1C). Additionally, NORAD expression was found to be reduced in 
patients with poor tumor tissue differentiation (Figure 1D).

NORAD inhibits BC cell proliferation and metastasis
Next, pcDNA-NORAD and si-NORAD were transfected into MCF-7 and HCC70 cells, 
respectively and qRT-PCR confirmed that NORAD overexpression and knockdown 
were effective (Figure 2A). Subsequently, CCK-8 and BrdU assays revealed that NORAD 
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overexpression suppressed MCF-7 cell proliferation, whereas NORAD knockdown promoted 
HCC70 cell proliferation (Figure 2B and C). In addition, the Transwell assay indicated that 
NORAD knockdown markedly promoted BC cell migration and invasion, whereas NORAD 
overexpression produced the opposite effect (Figure 2D). Furthermore, western blotting 
showed that overexpression of NORAD increased the expression of γH2AX, a marker of DNA 
damage, whereas NORAD knockdown inhibited γH2AX expression (Figure 3A). TUNEL 
assay revealed that NORAD overexpression significantly promoted the apoptosis of BC cells, 
whereas its knockdown inhibited apoptosis (Figure 3B). These findings confirm that NORAD 
suppresses malignancy of BC cells.
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NORAD serves as a molecular sponge of miR-155-5p
The “ceRNA network” is a well-known classic regulatory mechanism by which lncRNAs 
regulate various biological processes. LncRNAs can sponge miRNAs to repress their expression 
and regulate their effect on target mRNAs. The StarBase database suggested a potential 
binding site between miR-155-5p and NORAD (Figure 4A). To confirm this, we performed a 
dual-luciferase reporter assay. The reporter assay indicated that miR-155-5p inhibited luciferase 
activity of NORAD WT reporter but not that of the MUT reporter (Figure 4B). Furthermore, RIP 
assay indicated that in contrast with control IgG, NORAD and miR-155-5p were preferentially 
enriched in Ago2-containing microribonucleoproteins (Figure 4C). Moreover, NORAD 
overexpression reduced miR-155-5p expression in MCF-7 cells, whereas NORAD knockdown 
increased miR-155-5p expression in HCC70 cells (Figure 4D). Notably, the data from the 
StarBase database suggested that compared to normal tissues, miR-155-5p expression was 
higher in BC tissues (Figure 4E), and the expression of NORAD and miR-155-5p were negatively 
correlated with each other in these samples (Figure 4F). Consistently, qRT-PCR showed 
that compared to normal controls, miR-155-5p expression was markedly enhanced in both 
BC tissues and cells (Figure 4G and H). Furthermore, miR-155-5p expression was negatively 
correlated with NORAD expression in BC tissues (Figure 4I). These data suggest that miR-155-
5p is a downstream target of NORAD in BC.
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Tumor suppressor SOCS1 is regulated by the NORAD/miR-155-5p axis
SOCS1 is a target gene of miR-155-5p (Figure 5A) [12]. Importantly, survival analysis in 
the StarBase database indicated that the overall survival rate of patients with BC with high 
SOCS1 expression was higher than that of the low expression group (Figure 5B). Moreover, 
western blotting and qRT-PCR showed that NORAD enhanced SOCS1 expression and 
reversed the miR-155-5p-induced SOCS1 downregulation in HCC70 cells. Conversely, NORAD 
knockdown reduced SOCS1 expression and attenuated miR-155-5p antagonist-induced SOCS1 
upregulation in MCF-7 cells (Figure 5C and D). These data suggest that the NORAD/miR-155-
5p axis regulates BC progression by modulating the expression of SOCS1.
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Overexpression of NORAD/SOCS1 reverses the promotional effects of miR-
155-5p on BC cells
To further investigate the significance of the NORAD/miR-155-5p/SOCS1 axis in regulating 
BC progression, NORAD or SOCS1 overexpression plasmids and miR-155-5p mimics were 
co-transfected into HCC70 cells. Similarly, NORAD or SOCS1 siRNA and miR-155-5p 
inhibitors were co-transfected into MCF-7 cells (Figure 6A). Transfection with miR-155-5p 
mimics promoted the proliferation, migration, and invasion of BC cells, whereas inhibition 
of miR-155-5p reduced the malignancy of BC cells (Figure 6B-D). However, NORAD/
SOCS1 overexpression and knockdown counteracted the effects of miR-155-5p mimics 
and inhibitors, respectively (Figure 6B-D). These findings imply that NORAD inhibits the 
malignant behaviors of BC cells partly by repressing miR-155-5p/SOCS1.
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DISCUSSION

LncRNAs are crucial regulators of tumorigenesis and progression. Small nucleolar RNA 
host gene 16 (SNHG16) is upregulated in cervical cancer tissues and cells, and knockdown 
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of SNHG16 suppresses cancer cell proliferation and epithelial-mesenchymal transition 
(EMT) by modulating the cell cycle and apoptosis [13]. In BC, the upregulation of basal-
like breast cancer-associated transcript 1, resulting from hypomethylation at CpG islands 
in the promoter, reduces apoptosis and promotes the invasion of cancer cells [14]. Nuclear 
transcription factor nuclear factor (NF)-κB-interacting lncRNA represses TGF-β-induced 
EMT by blocking NF-κB signaling in BC [15]. LncRNA cancer susceptibility candidate 9 
functions as an oncogene in BC by sponging the miR-195/497 cluster and promoting BC cell 
proliferation and survival [16]. NORAD is dysregulated in various tumors. However, its role 
in BC remains controversial. We demonstrated that NORAD is downregulated in BC tissues 
and cells, and that the downregulation of NORAD is associated with unfavorable pathological 
characteristics of the patients. Loss- and gain-of-function experiments revealed that NORAD 
repressed the malignancy of BC cells. Our data support that NORAD functions as a tumor 
suppressor, and not an oncogene, in BC.

MiRNAs are non-coding RNAs 21–25 nucleotides in length that are involved in the 
pathogenesis of many human diseases [17]. They are also key regulators of BC tumorigenesis 
and progression. MiR-330-3p promotes BC metastasis by targeting collagen and calcium-
binding epidermal growth factor domain-1 [18]. Another study showed that miR-193b inhibits 
metastasis and angiogenesis by suppressing dimethylarginine dimethylaminohydrolase 1 in 
BC [19]. MiR-155-5p has also drawn a lot of attention in cancer research. MiR-155-5p promotes 
cervical cancer cell metastasis by targeting tumor protein p53-inducible nuclear protein 1 
[20]. MiR-155-5p is pivotal in cancer-associated fibroblast-induced tumor angiogenesis via 
inhibition of SOCS1 expression and activation of Janus kinase (JAK2)/signal transducers and 
activators of transcription (STAT3) signaling pathway in melanoma [12]. Importantly, miR-
155-5p is markedly upregulated in the plasma of patients with BC [21]. Functionally, miR-155-
5p promotes BC cell proliferation and migration by targeting matrix metallopeptidase 16 and 
SOCS1 [22]. In the present work, we also validated that miR-155-5p had the properties of an 
oncomiR, was upregulated in BC, and promoted the malignant behaviors of BC cells.

LncRNAs serve as ceRNAs to regulate the translation of mRNAs by competing for shared 
miRNAs [23]. This mechanism has been shown to be a crucial process during cancer 
progression. For example, lncRNA small nucleolar RNA host gene 5 facilitates BC cell 
proliferation by sponging miR-154-5p and upregulating proliferating cell nuclear antigen 
[24]. LINC01116 upregulates estrogen receptor 1 expression by competing with miR-145, 
thus facilitating BC progression [25]. MiR-155-5p is also involved in ceRNA networks. 
The lncRNA, myocardial infarction-associated transcript, facilitates BC progression and 
functions as a ceRNA by sponging miR-155-5p [26]. In this study, NORAD was identified 
as a ceRNA for miR-155-5p, and NORAD positively regulated SOCS1 by sponging miR-155. 
Importantly, NORAD or SOCS1 overexpression counteracted the tumor-promoting effects of 
miR-155-5p in BC. Therefore, our results support the view that NORAD/miR-155-5p/SOCS1 is 
a novel ceRNA network in BC progression.

As a member of the SOCS family, SOCS1 participates in multiple biological processes, 
including tumorigenesis [27]. SOCS1 contains an SH2 domain, a C-terminal SOCS box 
motif, and an N-terminal variable sequence. Based on its protein structure, SOCS has two 
main functions: first, SOCS1 regulates cell proliferation and apoptosis as a signal inhibitor; 
second, SOCS1 regulates cell growth by participating in ubiquitination and mediating the 
degradation of ubiquitination substrate [28]. With the C-terminal SOCS box motif, SOCS1 
can function as a tumor suppressor by reducing oncoproteins via ubiquitination mechanism 
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[29]. SOCS1 directly or indirectly regulates many cancer-related molecules or pathways, 
including cyclin D1, cyclin-dependent kinase 4 (CDK4), mitogen-activated protein kinase 
(MAPK)/p38, p53, programmed cell death receptor ligand 1 (PD-L1), STAT3, STAT1, STAT6, 
etc. [27]. In previous studies, SOCS1 was shown to be regulated by miRNAs. For example, 
miR-221 represses SOCS1 expression, thereby facilitating prostate cancer cell proliferation 
and metastasis [30]. SOCS1 is targeted and negatively regulated by miR-155-5p [12]. The 
present work demonstrated that low expression of SOCS1 was associated with poor prognosis 
of patients with BC, suggesting a tumor-suppressor role of SOCS1 in BC. Moreover, we 
validated that the NORAD/miR-155-5p axis regulates the expression of SOCS1. Our findings 
provide a novel explanation for the dysregulation of SOCS1 in cancers.

In summary, this study revealed that low expression of NORAD indicates poor prognosis 
for patients with BC. NORAD contributes to BC cell proliferation and high potential of 
metastasis by modulating the miR-155-5p/SOCS1 axis. However, further studies, including 
experiments based on animal models, are needed to validate the tumor-suppressor functions 
of NORAD in BC.
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