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Notch-1 promotes breast cancer cells proliferation by 
regulating LncRNA GAS5
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Abstract: Background: Notch signaling is indicated as novel therapeutic targets to prevent recurrence of breast 
cancer. LncRNAs were identified as downstream target of Notch pathway. However, the exact mechanisms involved 
in Notch signaling, lncRNAs and breast cancer remain to be explained. Objective: This original research aimed to 
determine the prognostic implications of Notch-1 for breast cancer, and explain mechanisms involved in regulation 
of lnRNA GAS5 by Notch-1, and identify the function of this mechanism on breast cancer. Method: Thirty breast can-
cer patients were included from The First Affiliated Hospital of Anhui Medical University (China) since January 2006 
in this study. The mRNA level by RT-PCR and protein level of Notch-1 by western blot in tumor tissues and adjacent 
normal tissues were evaluated and 5-year survival analysis was applied to examine the significance of Notch-1. The 
levels of ten reported lncRNAs were determined by RT-PCR, and subsequently linear analysis was applied to analyze 
the relationship between these four unique lncRNAs and protein level of Notch-1, which identified the most relevant 
lncRNA GAS5 with Notch-1 in breast cancer. Subsequently, Notch1-siRNA was applied to influence the expression 
of Notch-1 in T47D, then the level of RSA5 was measured by RT-PCR, and CCK-8 assay was applied to measure the 
proliferation of T47D cells. Results: High level of Notch-1 provided a poor prognosis in breast cancer. Interference of 
Notch-1 significantly suppressed proliferation of T47D cell (P < 0.05), and significantly increased the level of GAS5. 
Conclusion: Notch-1 promotes breast cancer cells proliferation by regulating LncRNA GAS5.
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Introduction

Breast cancer is the leading cause of cancer 
death in women aged 20 to 59 years, which is 
expected to be account for 29% of all new can-
cers in women [1]. Recently, radiotherapy, che-
motherapy and surgery have been applied as 
common therapeutic modalities for patients 
with breast cancer [2]. These traditional che-
mo-radio therapeutic approaches could pro-
vide consequent disease remission, however, 
are toxic and of limited efficacy in the treatment 
of breast cancer [3]. Therefore, developing new 
and effective prognostic markers and thera-
peutic strategies is an urgent issue to improve 
treatment of breast cancer.

Notch signaling was indicated as novel thera-
peutic targets to prevent recurrence of pre-
invasive and invasive breast cancer [4]. Notch 

signaling, which included four receptors 
(Notch1-Notch4) [5], regulated cell fate during 
development, stem cell renewal and differentia-
tion in postnatal tissues [6]. Notch-1 was 
reported to be intimately linked to the behav-
iors of breast cancer stem cells (BCSCs), and 
blocking Notch-1 signaling could inhibit the 
malignant behaviors of BCSCs [7]. Furthermore, 
Qun et al. suggested that Notch-1 promoted 
gastric cancer formation through up-regulating 
the expression of lncRNA AK022798 expres-
sion, which indicated that notch-1 signaling sys-
tem might involve in the regulation of lncRNAs 
[8]. However, the exact system has not been 
well documented.

The development of high resolution microarray 
and genome wide sequencing technologies 
have revealed that human genomes with pro-
tein coding mRNAs constitute only a minor frac-
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tion of the transcribed sequences, while more 
than 70% is transcribed as noncoding RNAs 
(ncRNAs) [9]. These ncRNAs function as regula-
tors of gene expression, which identified a 
novel RNA-based gene regulation mechanism 
that complements the central dogma [10].

Long noncoding RNAs (lncRNAs, > 200 nt) 
belong to ncRNAs [11], which still remain poorly 
understood, however, evidence for their impor-
tance and functionality is mounting. Emerging 
studies suggest that lncRNAs play critical roles 
in numerous biological processes, including 
tumorigenesis [12], cell growth [13] and tran-
scriptional regulation [14], and are associated 
with a number of diseases involved in cancer 
[15], cardiovascular disease [16] and neurode-
generation disease [17]. According to the 
lncRNA Disease Database [18], there are 17 
lncRNAs known to play a role in breast cancer 
(Table 1) including BCAR4, PVT1, MALAT1 and 
GAS5. Recently, other lncRNAs were also 
reported to be associated with breast cancer, 
including UCA1 [19], LUNAR1 [20], POU3F3 
[21] and HIF1A-AS1 [22]. 

In this study, we examined the prog-
nostic role of Notch-1 in breast cancer, 
which indicated that high expression 
of Notch-1 would provide poor progno-
sis. And we aimed to investigate the 
most relevant lncRNA (GAS5) with 
Notch-1 in breast cancer, and further 
explored the clinical significance and 
biological functions of Notch-1 and 
GAS5 in cancer cells.

Materials and methods

Patients and specimens

The original research was approved by 
the Medical ethics committee of “The 
First Affiliated Hospital of Anhui 
Medical University” and the informed 
consent letters were obtained from 
patients. A total of 30 breast cancer 
patients were included from The First 
Affiliated Hospital of Anhui Medical 
University (China) since January 2006 
in this study. All patients recruited in 
this study were not subjected to pre-
operative radiotherapy and/or chemo-
therapy. All patients were regularly fol-
lowed up, with up to 100 months after 
the surgery. Tumor specimens and 

Table 1. The lncRNAs reported to be associated with 
breast cancer
Index LncRNA name Dysfunction type Species
2 BCYRN1 Expression Human
3 CDKN2B-AS1 Expression Human
4 DSCAM-AS1 Expression/Locus/Mutation Human
5 GAS5 Expression Human
6 H19 Expression/regulation Human
7 HOTAIR Expression/Mutation/regulation Human
8 Loc554202 Regulation/Expression Human
9 LSINCT5 Regulation Human
10 MALAT1 Expression Human

Regulation Human
11 MEG3 Expression Human
12 MIR31HG Epigenetics Human
13 PINC N/A Mouse
14 PVT1 Expression Human
15 SRA1 Regulation/Locus Human
16 XIST Mutation Human
17 ZNFX1-AS1 Expression/Locus Human
18 UCA1 Regulation Human
19 LUNAR1 Regulation Human
20 POU3F3 Regulation Human
21 HIF1A-AS1 Regulation Human
22 7SK Regulation Human

corresponding adjacent normal tissues were 
collected and stored in liquid nitrogen until use.

Cell culture

The human breast cancer cell lines were pur-
chased from the American Type Culture 
Collection (ATCC, USA) including MDA-MB-453, 
MDA-MB-231, MCF-7 and T47D. All the cells 
were maintained in DMEM/F-12 (1:1) medium 
(HyClone, USA) containing 10% fetal bovine 
serum (FBS, Hyclone, USA) and 1% penicillin-
streptomycin solution (100×, Beyotime, China) 
at 37°C in a humidified atmosphere containing 
5% CO2. 

SiRNA transfection

Small interfering RNA that targeted Notch1-
RNA (Notch1-siRNA) and a scrambled nega- 
tive control (Scrambled-SiRNA) were gene- 
rously provided by Life Technologies. Human 
breast cancer cells were transfected with  
either 50 nmol Notch1-siRNA or Scrambled-
SiRNA using Lipofectamine 2000 transfection 
reagent according to the manufacturer’s proto-
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col (Life Technologies). The sequences were as 
follows:

Notch1, Forward 5’-GTCTCCATTGCTAGCCAC-3’ 
and Reverse 5’-ATGCAGCTGCAGGTCTTAAGAG- 
3’; GAPDH, Forward 5’-ACAGGGGAGGTGATA- 
GCATT-3’ and Reverse 5’-GACCAAAAGCCTTC- 
ATACATCTC-3’.

Notch1-SiRNA: GUC CAG GAA ACA ACU GCA ATT 
(sense) and UUG CAG UUG UUU CCU GGA CTT 
(antisense).

Scrambled-SiRNA: UUC UCC 
GAA CGU GUC ACG UTT 
(sense) and ACG UGA CAC 
GUU CGG AGA ATT (anti- 
sense).

Quantitative real-time PCR 
assay

Total RNA was isolated from 
tissues using TRIZOL reagent 
(Invitrogen) or cells using 
Trizol plus kit (TaKaRa, Japan) 
according to the manufactur-
er’s protocol. RNA was reverse 
transcribed using SuperScript 
First Strand cDNA System 
(Invitrogen) according to the 
manufacturer’s instructions. 
The PCR amplification were 
performed for 40 cycles of 
94°C for 30 s, 60°C for 30 s, 
and 72°C for 30 s, on a 
Applied Biosystems 7900HT 
(Applied Biosystems) with 1.0 
μl of cDNA and SYBR Green 
Real-time PCR Master Mix 
(Takara). Data was collected 
and analyzed by SDS2.3 
Software (Applied Biosys- 
tems). The expression level of 
each sample was internally 
normalized against that of the 
GAPDH. The relative quantita-
tive value was expressed by 
the 2-ΔΔCt method. Each ex- 
periment was performed in 
triplicates.

Western blot analysis

Tissues or cells were rinsed 
with cold PBS and harvested 
in lysis buffer. Then, the 
extractions were obtained 

Figure 1. The mRNA level and protein level of Notch-1 in breast tumor tissues 
and their adjacent normal tissues. *P < 0.05.

Figure 2. The mRNA level of LncRNAs in tumors and adjacent normal tissues. 
*P < 0.05.

and then centrifuged at 14,000 rpm for 30 min. 
Twenty-five micrograms of protein was loaded 
per lane and separated by 10% SDS-PAGE, 
then transferred to nitrocellulose membranes 
and blocked overnight in Trisbuffered saline 
containing 0.1% Tween and 5% skim milk. Then, 
the membrane was incubated with primary 
antibodies (Notch 1, and β-actin) at 4°C and 
subsequently incubated with a secondary anti-
body for 2 h at room temperature. The detec-
tion of specific proteins was carried out using 
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an ECL western blotting kit (Amersham 
Biosciences, Piscataway, New Jersey, USA) 
according to the recommended procedure.

Cell proliferation assay

The CCK-8 assay kit (Beyotime Biotech 
Company) was used to determine the prolifera-
tion of T47D cells. In each 96-well plate, the 
cells (1×105) were seeded and cultured for 24 
h, then transfected with Scrambled-SiRNA or 
Notch1-siRNA, and further incubated for 0 h, 
12 h, 24 h, 36 h and 48 h respectively. After 10 
μL CCK-8 reagents had been added to each 
well, the plate was re-incubated for 1 h and the 
absorbance at 450 nm was subsequently 
detected. In each group, five wells were mea-
sured for cell proliferation, and all of the inde-
pendent groups were performed in triplicate.

Statistical analysis

All computations were carried out using the 
software of SPSS version 18.0 for Windows. 
Data were expressed as mean ± SD. The data 
were analyzed using independent two-tailed t 
test. Categorical data were analyzed using the 
two-side chi-square test. Overall survival was 

estimated by using Kaplan-Meier method, and 
univariate analysis was conducted by log-rank 
test. The Cox proportional hazards model was 
used in the multivariate analysis. Values of P < 
0.05 were considered statistically significant.

Results

Breast cancer tumors highly expressed 
Notch-1

The mRNA and protein level of Notch-1 in 
tumors and adjacent normal tissues were mea-
sured, which revealed that the level of Notch-1 
increased significantly (about 3 folds) than 
adjacent normal tissues (Figure 1). This indi-
cated that Notch-1 might be a potential bio-
marker for breast cancer. Subsequently, 
according to the protein level of Notch-1, we 
divided these patients into two groups, includ-
ing Notch1-high group and Notch1-low group. 
After the follow-up of about 100 months, the 
5-year survival analysis showed that Notch1-
high group has a significantly poorer prognosis 
(28% of survival rate) than Notch1-low group 
(57% of survival rate), which indicated that 
Notch-1 might play a pivotal role in breast 
cancer.

Figure 3. Linear analyses of lncRNAs and Notch1 in breast cancer tumors. *P < 0.05.
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LncRNA GAS5 was identified as the most rel-
evant one with Notch-1 in tumor tissues 

Ten different lncRNAs were applied in this 
study, which was reported to be associated 
with Notch-1. The level of these ten lncRNAs in 
breast tumors and adjacent normal tissues 
were evaluated (Figure 2), which suggested 
that HOTAIR and MALAT1 increased most sig-
nificantly, and LUNAR1 and GAS5 decreased 
most significantly. This indicated that these 
four lncRNAs might be most relevant with 
breast cancer. Subsequently, the mRNA level of 
these four lncRNAs and the protein level of 
Notch-1 in tumor tissues was analyzed based 
on linear analysis, which suggested that GAS5 
and Notch-1 mostly conformed (r = 0.905) to 
the linear relationship (Figure 3). This indicated 
that there might be a strong association 
between Notch-1 and GAS5 in breast cancer.

Interference of Notch1 up-regulates the ex-
pression of GAS5 in T47D cells and suppress-
es the proliferation of T47D cell lines

Further investigation in cell lines was carried 
out. The expression of Notch-1 and GAS5 was 
investigated in four breast cancer cell lines 
including MDA-MB-453, MDA-MB-231, MCF-7 
and T47D, which showed that T47D was a suit-
able cell line model for further investigation. 
The reasons were as follows: (i) the expression 
in MDA-MD-453 was regarded as the compa-
rable object, then the expressions of Notch-1 in 
MCF7 and T47D was expressed lower than 

MDA-MB-453 (Figure 4A); (ii) but only the 
mRNA level of GAS5 in T47D cell lines was high-
er than that in MDA-MB-453 (Figure 4B). 

Subsequently, Notch1-siRNA was applied to 
influence the expression of Notch1 in T47D cell 
lines. As Figure 5A shown, Notch1-siRNA sig-
nificantly decreased the protein level of Notch1 
in T47D cell lines. Then the mRNA level of GAS5 
in Notch1-siRNA significantly increased (more 
than 2 folds) compared with that in scrambled-
siRNA group or that in wild group (Figure 5B).

The cell proliferation assay was applied to fur-
ther confirm the role of Notch-1 in breast can-
cer cells. These cell lines were incubated for 48 
h following the interference of Notch-1 in T47D 
cell lines, which showed that the interference 
of Notch-1 suppressed T47D cell proliferation 
significantly (Figure 5C). 

Discussion

The function of Notch-1 on cancers has been 
investigated for decades, but the exact mecha-
nisms remained to be explained. Co-expression 
of Notch-1 and vascular endothelial growth 
factor-A were reported to predict poor survival 
in nonsmall cell lung cancer [23]. However, 
Jiayuan et al. showed that patients with posi-
tive Notch-1 expression had a prolonged pro-
gression of overall survival compared with 
those with negative Notch-1 expression [24]. 
We demonstrate that the expression of Notch-1 
was significant higher in tumor tissues than the 

Figure 4. The protein level of Notch-1 (A) and the mRNA level of GAS5 (B) in four breast cancer cell lines including 
MDA-MB-453, MDA-MB-231, MCF-7 and T47D. *P < 0.05.
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adjacent normal tissues. And 5-year survival 
analysis in our study based on Western Bot has 
been applied to confirmed that high level of 
Notch-1 provide poor prognosis for breast can-
cer. Additional studied has confirmed the role 
of Notch-1 in breast cancer. The mRNA expres-
sion of Notch-1 based on in-situ hybridization 
showed that patients with high level of Notch-1 
had a 5-year survival rate of 42% compared 
with patients with low level of Notch-1 with a 
5-year survival rate of 65% [25]. And Notch-1 

signaling was proven to promote the malignant 
behaviors of breast cancer stem cells (BCSCs) 
[7]. Although many studies have investigated 
the mechanisms of Notch-1 signaling, most of 
them focused on the factors regulating Notch-1 
signaling, including Silibinin [26], Genistein [27] 
and p53 [28, 29]. Our study examined the 
strong association between lncRNAs and 
Notch-1, and suggested that GAS5 identified as 
downstream target of Notch-1 signaling in 
breast cancer. 

Figure 5. After interference of the expression 
of Notch1 in T47D cell lines, the expression 
of Notch-1 (A), the level of GAS5 (B) was mea-
sured, *P < 0.05. Then the proliferation assay 
was applied to identify the proliferation of T47D 
cell lines (C), *P < 0.05 compared with the wild 
group.
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Only a few studies investigated the mecha-
nisms involved in lncRNAs and Notch-1. In 
2007, Tsutsumi and Itoh suggested that 
lncRNAs might be novel downstream target 
genes of Notch pathway by conducting a micro-
array screen in zebrafish [30]. Tang et al identi-
fied the cross talk between Notch signaling and 
lncRNAs on the fate of stem cells [31]. Recently, 
Trimarchi et al. confirmed that lncRNAs are 
important downstream targets of the Notch sig-
naling pathway, and additionally they are key 
regulators of the oncogenic state in acute leu-
kemia [32]. Furthermore, Hang et al. indicated 
that Notch-1 promoted the expression lncRNA 
AK022798 and subsequently leaded to the for-
mation of SGC7901/DDP and BGC823/DDP 
cells in gastric cancer [8]. Our group suggested 
the possibility that Notch-1 played a role in 
breast cancer by regulating lncRNAs, and we 
found the high correlation of lncRNA GAS5 (r = 
0.907) with Notch-1. Mourtada et al. suggested 
that GAS5 transcript levels were significantly 
reduced in breast cancer samples relative to 
adjacent unaffected normal breast epithelial 
tissues [33]. Unfortunately, the emerging func-
tional role of GAS5 in breast cancer remains 
largely unknown. Our results revealed that 
GAS5 was regulated by Notch-1 involved in the 
proliferation of breast cancer cells. The level of 
GAS5 was increased significantly by the down-
regulation of Notch-1 in T74D cells, and conse-
quently the proliferation of these cells was sig-
nificantly inhibited. This regulation might 
explain the prognostic role of Notch-1 in breast 
cancer patients, however, the exact mecha-
nisms remained to be identified. Breast cancer 
remains to be one of the leading causes of 
death, the crosstalk between Notch signaling 
and lncRNAs might provide new therapeutic 
method. 
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