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Effects of the lncRNA NBR2 
on the proliferation and autophagy 
of breast cancer cells 
under starvation conditions
Jingrui Yang 1,7, Liu Gao 2,7, Zhu Wang 3, Ying Xu 1, Xin Jin 4, Qili Jin 5 & Li Yu 6*

An increasing number of studies indicate that long noncoding RNAs (lncRNAs) play important roles 
in tumour proliferation, migration and other vital processes and are expected to become novel 
biomarkers for early cancer screening. The expression of the lncRNA NBR2 (adjacent breast cancer 
suppressor BRCA1) has been found to decrease in several cancer types. However, it is still unknown 
whether the lncRNA NBR2 is involved in breast cancer and autophagy. According to the Kaplan–Meier 
plotter survival curve analysis, the survival rate of the group with high lncRNA-NBR2 expression 
was higher than that of the group with low lncRNA-NBR2 expression. The suppression of cancer 
cell proliferation, invasion and migration by the lncRNA NBR2 has been demonstrated, suggesting 
that this lncRNA is involved in the development and progression of cancer. Our subsequent study 
revealed that the lncRNA NBR2 inhibited autophagy in breast cancer cells, and that starvation 
conditions enhanced this inhibitory effect. Moreover, this lncRNA changed the proliferation ability 
of breast cancer cells by affecting protective autophagy. The aim of this study was to investigate 
the link between starvation and lncRNAs by evaluating changes in autophagy-related proteins, cell 
proliferation and other biological processes. Together, these studies provide strategies for the early 
screening of breast cancer and suggest that starvation therapy can be used as a new approach for the 
treatment of cancer.

Keywords Starvation, lncRNA NBR2, Proliferate, Autophagy

Abbreviations
cDNA  Complementary DNA
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MTT  3-(4,5-Dimethyl-2-thiazolyl)-2–5-diphenyl-2H-terazolium bromide
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PI  Propidium iodide
DAPI  4′,6-Diamidino-2-phenylindole, dihydrochloride
qRT-PCR  Real-time quantitative polymerase chain reaction
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Breast cancer refers to the cancerous transformation of normal mammary epithelial cells by a variety of tumour-
causing factors and mainly manifests as a tissue mass in the breast, axillary lymph node enlargement and other 
symptoms. Cancer cells easily metastasize to multiple different organs, seriously threatening the life of  patients1,2. 
Currently, surgical therapy, drug therapy, endocrine therapy and targeted therapy are the main therapeutic 
means for treating breast cancer. Due to the various types of breast cancer, drug resistance and postoperative 
recurrence, the mortality rate of breast cancer is  high3,4. Therefore, identifying new combination treatments is 
urgently needed for increasing the cure rate of cancer.

RNA molecules with transcript lengths of more than 200 bases, known as long noncoding RNAs (lncRNAs), 
have been  identified5,6. In recent years, lncRNAs have become one of the most popular topics in life science 
research. LncRNAs have a variety of biological functions, such as serving as molecular scaffolds in the nucleus, 
assisting in variable splicing, and regulating chromosome  structure7–9. The regulation of tumour occurrence and 
development by lncRNAs, as well as their capacity to regulate gene expression, has been confirmed in previous 
 studies10,11.

NBR2 (immediate breast cancer suppressor BRCA1) is produced under glucose starvation  conditions12, and 
the expression of this gene is dysregulated in several types of cancer, such as osteosarcoma and lung  cancer13. 
Studies have shown that the lncRNA NBR2 is downregulated in liver cancer tissues and liver cancer cell lines. In 
addition, the survival time and overall survival time of liver cancer patients with low lncRNA NBR2 expression 
are shorter. The expression of the lncRNA NBR2 can inhibit the proliferation, migration, and invasion of liver 
cancer cells, suggesting that it is a tumour suppressor in liver  cancer14. However, the specific role of NBR2 in 
breast cancer remains unclear.

Recently, increasing evidence has revealed that protective autophagy is an important factor for the survival 
of cancer cells in adverse environments. The process of autophagy involves the encapsulation of ageing cells or 
misfolded proteins in vesicles, which are then joined with lysosomes to form autophagic lysosomes. These lys-
osomes then degrade their contents, leading to the removal of cells and proteins and enabling the reutilization of 
 substances15,16. In recent years, “starvation” cancer therapy has garnered increasing interest among researchers. 
Many studies have reported that short-term starvation can increase autophagy in tumour  cells17,18. Autophagy 
plays an important role in tumour development. Therefore, is there a direct link between NBR2 and autophagy 
in breast cancer cells, and does NBR2 influence the progression of breast cancer by regulating autophagy? Is the 
increase in autophagy in breast cancer cells under short-term starvation conditions caused by changes in the 
lncRNA NBR2? All of these factors need to be further studied.

Since its potential biological function in breast cancer has remained unexplored, further studies are needed to 
reveal the effect of interfering with NBR2 on tumours and its relationship with autophagy. A better understand-
ing of the contributions of lncRNAs to protective autophagy will be beneficial for developing new approaches to 
achieve sustained remission in breast cancer patients.

Materials and methods
Cell lines and culture conditions
After resuspension, RPMI-1640 medium (Gibco, USA) supplemented with 10% foetal bovine serum (Clark, 
USA) was used to culture MDA-MB-231 and BT-549 cells. These cells were subcultured in an incubator at 37 °C 
with 5%  CO2 every 2 to 3 days. Both cell lines were obtained from Procell Life Science and Technology (Wuhan, 
China).

Construction and chemicals
HBLV-ZsGreen-PURO-overexpressing NC (Lv-NC), HBLV-h-NBR2-Null-ZsGreen-PURO (Lv- NBR2), HBLV-
ZsGreen-PURO NC (Lv-shNC) and HBLV-h-NBR2 shRNA1-ZsGreen-PURO (Lv-shNBR2) were purchased 
from Hanbio (Shanghai, China), and chloroquine was purchased from MedChem Express (Shanghai, China).

Construction of lentivirus packaged cell lines
MDA-MB-231 and BT-549 cells with suitable growth status were inoculated into 24-well plates. Lv-NC, Lv-NBR2, 
Lv-shNC and Lv-shNBR2 were added to the corresponding wells, and the cells were transfected overnight. On 
the second day of transfection, the medium of the cells was replaced with fresh complete medium, and the cells 
were cultured at 37 °C for another 48 h. The fluorescence intensity was preliminarily evaluated via fluorescence 
microscopy. The cells were seeded into six-well plates for culture according to cell growth, and stably transduced 
cell lines were screened with puromycin.

Quantitative real-time PCR (qRT-PCR)
An RNA extraction kit (Vazyme, Nanjing, China) was used to extract total RNA. A ChamQ Universal SYBR 
qPCR Master Mix qRT-PCR kit (Vazyme, Nanjing, China) was then used to reverse transcribe the RNA into 
cDNA, according to the manufacturer’s instructions, and this procedure was performed with QuantStudioDesign 
and Anailsis Software v1.4 (Thermo Company, China). The expression level of the lncRNA NBR2 relative to 
that of GAPDH was measured by PCR. The  2−ΔΔCt method was used to calculate the expression of target genes. 
Shanghai Sangon Company crafted the lncRNA NBR2 primer, the sequence of which is displayed in Table 1.

Western blot analysis
A protease inhibitor was added to the protein lysate to lyse the cells, thereby obtaining the total protein sample. 
Subsequently, a BCA kit was used to quantify the samples, followed by electrophoresis and membrane transfer. 
The membranes were incubated with primary antibodies against LC3B-II/I, P62, Beclin1 and β-actin (Protein-
tech, Wuhan, China) overnight at 4 °C, incubated with secondary antibodies for 2 h at room temperature, and 
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visualized with an enhanced chemiluminescence (ECL) kit (Boster, USA); the bands were subsequently analysed 
with ImageJ software.

MTT cell proliferation assay
MDA-MB-231 and BT-549 cells transfected with the appropriate viral vectors were prepared as 6 ×  103/mL cell 
suspensions, and 100 μL of each cell suspension was added to each 96-well plate. MTT reagent was added at 0 h, 
24 h, 48 h and 72 h, and the culture was continued for 4 h. Then 200 μL of DMSO was added and the cells were 
incubated in the dark for 10 min. Detection was carried out using microplate reader at a wavelength of 490 nm.

Colony formation assay
MDA-MB-231 and BT-549 cells infected with virus were prepared as 1.5 ×  103/mL cell suspensions and seeded 
into six-well plates for 15 days at 37 °C (the number of cells in each cell colony was approximately 100). The old 
medium was discarded, and the cells were washed twice with PBS. The cells were fixed with 1 mL of paraform-
aldehyde/well. Next, 1 mL of crystal violet was added to each well, and the number of cell colonies was counted.

Wound healing assay
The cells were seeded into a 6-well plate. When the cell density was close to 95%, a scratch was generated with a 
10 μL pipette tip, and photographs were taken at 0 h and 24 h to record the degree of wound healing.

Cell apoptosis and cell cycle assays
The cells in each group were collected and washed with precooled PBS. Then, the supernatant was discarded, 
and 400 μL of binding solution was added to the cell precipitate to resuspend the cells. Then, 3 μL of Annexin 
V-APC and 3 μL of PI were added, and the mixture was incubated at 2–8 °C for 2–5 min. Flow cytometry was 
used to detect the percentage of apoptotic cells. The cells from each group were collected, washed with precooled 
PBS, and then rehydrated with precooled ethanol in a refrigerator at 4 °C overnight. On the second day, the cells 
were washed with precooled PBS before the supernatant was discarded. Flow cytometry was used to detect the 
cell cycle distribution after 400 μL of staining buffer, 25 μL of PI staining solution, and 10 μL of RNaseA were 
added to each tube of cell precipitate and incubated at 37 °C for 30 min.

Transwell experiment
The upper chamber was filled with 200 μL of cell suspension (3 ×  104/mL) without FBS, diluted Matrigel was 
added prior to the invasion experiment, and 600 μL of fresh complete medium was added to the lower chamber. 
After 24 h of culture, the cells were fixed with paraformaldehyde for 30 min, and then stained with crystal violet 
for 20 min, and photographs were taken under a microscope.

Immunofluorescence staining
The confocal dishes were filled with cells in a healthy growth state, which were subsequently washed twice with 
PBS, fixed with methanol for 20 min and transferred to membranes for 20 min. After 3 washes with PBS, the 
cells were blocked for an hour, incubated with the primary antibody LC3B- II/I (Proteintech, Wuhan, China) 
overnight, and then washed 3 times with PBST. To prevent illumination, a secondary antibody was added, and 
the membrane was washed 3 times. Subsequently, the cells were stained with DAPI for two minutes, followed 
by a washing with PBST for 3 more minutes. Finally, the cells were observed and photographed under a laser 
scanning microscope. Tumour tissues were also stained with H&E.

Patients and specimens
From May 2022 to November 2022 at the First Affiliated Hospital of Bengbu Medical College, we collected 30 sets 
of breast cancer tissue and paracancerous tissue samples from patients who had undergone surgery. The pathol-
ogy department of the hospital verified that all of the patients with breast cancer had a pathological diagnosis. The 
tumour pathological data of the corresponding patients, including age, breast mass size, histopathological grade, 
TNM stage, distant lymph node metastasis status, molecular type, and Ki67 expression status, were collected. 
The inclusion criteria for patients were as follows: (1) pathological examination, such as a definite diagnosis of 
breast cancer; and (2) received an initial cancer diagnosis and had no history of radiotherapy, chemotherapy 
or targeted anticancer therapy. The exclusion criteria were as follows: (1) had another type of tumour; (2) had 
a previous history of breast cancer and antitumour therapy; (3) had a mental illness or serious heart, liver or 
other serious disease; and (4) had distant organ metastasis. This study strictly complied with the relevant medical 
ethical requirements of the school (All experiments involving animals were approved by the Ethics Committee 
of Bengbu Medical College).

Table 1.  Primers for Real-Time PCR.

Constructs Forward primer sequence (5′–3′) Reverse primer sequence (5′–3′)

LncRNA NBR2 GGA GGT CTC CAG TTT CGG TA TTG ATG TGT GCT TCC TGG G

GAPDH AAC GGA TTT GGT CGT ATT GGG TCG CTC CTG GAA GAT GGT GAT 
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Xenograft tumour model
All experiments involving animals were conducted in accordance with the guidelines of the Ethics Committee of 
Bengbu Medical College. Female BALB/ca-nu nude mice (3–4 weeks old) were purchased from Hefei Qingyuan 
Biotechnology. BT-549 cells (1 ×  106) transfected with Lv-shNC or Lv-shNBR2 lentivirus were injected subcutane-
ously into mice and resuspended in 100 μL of PBS. The mice were euthanized, and the tumours were harvested 
within one month for subsequent analyses, including weight and volume analyses, immunohistochemistry, 
qPCR and western blotting.

Immunohistochemistry (IHC)
The tumours were fixed in 10% formalin solution, embedded in paraffin, and then cut into 5 μm-thick serial 
sections. After dewaxing in xylene and dehydrating in a gradient series of ethanol concentrations antigens were 
extracted with citrate buffer and blocked with 5% goat serum, followed by incubation with an anti-LC3B-II/I 
antibody overnight at 4 °C. Subsequently, the sections were incubated with peroxidase-conjugated goat anti-
rabbit secondary antibody (Abcam, United States) for 2 h at room temperature and stained with a DAB kit 
(ZSGB-BIO, China).

Statistical methods
The experimental results are expressed as the mean ± SEM. Statistical analysis between experimental groups 
was performed using GraphPad Prism 8.0.2 software for tests or analysis of variance (ANOVA). P < 0.05 was 
considered to indicate statistical significance.

Results
LncRNA NBR2 expression
Gene expression data was downloaded from The TCGA database, and R language and other tools were subse-
quently used to construct a box plot. The results revealed that the expression level of the lncRNA NBR2 in the 
normal group was greater than that in the triple -negative breast cancer (TNBC) group and the triple-negative 
breast cancer (non-TNBC) group, and the difference was statistically significant (Kruskal–Wallis test, P < 0.001) 
(Fig. 1A). Kaplan Meier curve analysis of the effect of lncRNA NBR2 expression on the survival of patients with 
triple-negative breast cancer and patients with TNBC. The results of both groups showed that the five-year sur-
vival rate of the group with low lncRNA NBR2 expression was lower than that of the group with high lncRNA 
NBR2 expression. The P value of the survival rate in the group of patients with triple-negative breast cancer was 
0.082 (P < 0.1). Our explanation was that the sample size of the group with high lncRNA NBR2 expression was 

Fig. 1.  Expression of lncRNA NBR2. (A) The dataset was downloaded from the TCGA database, and a 
box plot was constructed with R to analyse the expression levels of the lncRNA NBR2 in the normal group, 
triple-negative breast cancer group (TNBC) and non-triple-negative breast cancer group (non-TNBC). (B) 
Kaplan‒Meier curve analysis of the relationship between the lncRNA NBR2 expression level and the survival 
of patients with triple-negative breast cancer and patients with non-triple-negative breast cancer. (C) LncRNA 
NBR2 expression levels in cancer tissue and paracancerous tissue samples from clinical breast cancer patients 
were analysed by qRT-PCR. (D) LncRNA NBR2 expression levels in breast cancer cells and MCF-10A cells were 
analysed by qRT-PCR. (E) The stable low expression of the lncRNA NBR2 in the BT-549 and MDA-MB-231 
cell lines was verified by qRT-PCR. (F) The stable high expression of the lncRNA NBR2 in the BT-549 and 
MDA-MB-231 cell lines was verified by qRT-PCR. *P < 0.05, **P < 0.01, ***P < 0.001.



5

Vol.:(0123456789)

Scientific Reports |        (2024) 14:22624  | https://doi.org/10.1038/s41598-024-72181-w

www.nature.com/scientificreports/

lower than that of the group with low lncRNA NBR2 expression, and the survival time of the group with high 
lncRNA NBR2 expression was much greater than that of the group with low lncRNA NBR2 expression (Fig. 1B). 
Next, we used qRT-PCR to detect lncRNA NBR2 expression levels in cancer tissue and paracancerous tissue 
samples from 30 clinical breast cancer patients (Fig. 1C) and analysed the correlation between lncRNA NBR2 
and clinically relevant indicators (Table 2). Then, we analysed the expression of the lncRNA NBR2 in nontumo-
rigenic mammary epithelial cells and several breast cancer cell lines by qRT-PCR and found that the lncRNA 
NBR2 was generally underexpressed in breast cancer cell lines (Fig. 1D). We selected two breast cancer cell lines 
with different lncRNA NBR2 expression levels to study the biological function of lncRNA NBR2 in breast cancer 
cells, namely, MDA-MB-231 and BT-549 cells. A lentiviral vector with the lncRNA NBR2 sequence (Lv-NBR2) 
was used to upregulate the expression of the lncRNA NBR2 in MDA-MB-231 and BT-549 cells. Lentiviral vec-
tors with shRNA targeting NBR2 (shNBR2) were used to downregulate the expression of the lncRNA NBR2 in 
MDA-MB-231 and BT-549 cells (Fig. 1E–F).

Inhibitory effect of lncRNA NBR2 on breast cancer cells
We continued to explore the effects of the lncRNA NBR2 on the proliferation of breast cancer cells and used MTT, 
colony formation, cell cycle and apoptosis assays to detect changes in the biological behaviour of breast cancer 
cells after lncRNA NBR2 interference. We found that after downregulating the lncRNA NBR2, the formation 
of individual cell colonies increased (Fig. 2A), cell proliferation increased (Fig. 2B), and the percentage of cells 
in S phase increased (Fig. 2C), while the opposite results were obtained after upregulating the lncRNA NBR2. 
The flow cytometry results showed that the apoptotic effect of lncRNA NBR2 did not significantly change after 
upregulation or downregulation (Fig. 2D), which provided a new direction for our subsequent research.

The lncRNA NBR2 inhibits the invasion and migration of breast cancer cells
Wound healing and Transwell experiments revealed the influence of the lncRNA NBR2 on cancer cell invasion 
and migration. The results showed that downregulation of the lncRNA NBR2 promoted the invasion and migra-
tion of MDA-MB-231 and BT-549 cells (Fig. 3A,B), while upregulation of the lncRNA NBR2 had the opposite 
effect on the breast cancer cells.

Table 2.  Clinicopathologic features of breast cancer patients. *Statistically significant.

Age (years) 0.4032

 ≤ 60 14 1.034

 > 60 16 1.019

Tumor size (cm) 0.0031*

 < 5 26 1.007

 ≥ 5 4 1.417

Histological grading 0.0369*

 I–II 18 0.9892

 III–IV 12 1.174

TNM staging 0.0019*

 I–II 12 0.9601

 III–IV 18 1.090

Lymph node metastasis 0.0448*

 Negative 16 0.9892

 Positive 14 1.104

ER 0.7407

 Negative 5 1.010

 Positive 25 1.019

PR 0.2571

 Negative 7 0.9700

 Positive 23 1.028

HER-2 0.6810

 Negative 7 1.064

 Positive 23 1.024

Ki-67 0.0002*

 ≤ 20% 15 1.076

 > 20% 15 0.7971
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Fig. 2.  Inhibition of the lncRNA NBR2 in breast cancer cells. (A) A colony formation assay was used to evaluate 
the proliferation of MDA-MB-231 and BT-549 cells after knockdown or overexpression of the lncRNA NBR2. 
(B) MTT proliferation experiments showed that overexpression of the lncRNA NBR2 limited the proliferation 
of BT-549 and MDA-MB-231 cells, while silencing lncRNA NBR2 promoted the proliferation of cells. (C) The 
cell cycle distribution of BT-549 and MDA-MB-231 cells was detected by flow cytometry. (D) The percentage of 
apoptotic cells was detected by Annexin V/PI double staining. The data are expressed as the mean ± SD of three 
independent experiments. *P < 0.05, **P < 0.01, ***P < 0.001.
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Fig. 3.  Effects of the lncRNA NBR2 on the invasion and migration of breast cancer cells. (A) The healing ability 
of BT-549 and MDA-MB-231 breast cancer cells after knockdown or overexpression of the lncRNA NBR2 was 
evaluated by a scratch healing assay. (B) Transwell assays were used to detect the longitudinal migration and 
invasion ability of BT-549 and MDA-MB-231 breast cancer cells after knocking down or overexpressing the 
lncRNA NBR2. Each bar represents the mean ± SD of three independent experiments. *P < 0.05, **P < 0.01, 
***P < 0.001.
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The lncRNA NBR2 inhibits autophagy in breast cancer cells
Autophagy increased in the two breast cancer cell lines after medium starvation treatment with EBSS (Earle’s 
balanced salt solution, with  Ca2+ and  Mg2+, autophagy induction reagent) for 0 h, 6 h, 9 h, or 12 h (Fig. 4A), 
and the lncRNA NBR2 expression decreased after short-term starvation for 6 h (Fig. 4B). Immunofluorescence 
assays revealed an increase in the number of autophagosomes in the two breast cancer cell lines after starvation 
for 6 h (Fig. 4C). Western blotting revealed increased autophagy in the downregulated lncRNA NBR2 group, 
and short-term starvation for 6 h promoted autophagy in the downregulated lncRNA NBR2 group (Fig. 4D). 
LncRNA NBR2 upregulation decreased autophagy in breast cancer cells, and starvation abrogated the inhibi-
tory effect of upregulated lncRNA NBR2 on autophagy (Fig. 4E). Immunofluorescence experiments showed 
that under starvation conditions, autophagosome formation significantly increased after downregulation of the 
lncRNA NBR2, while the opposite effect was observed when the lncRNA NBR2 was upregulated (Fig. 4F,G). In 
conclusion, the lncRNA NBR2 inhibits autophagy in breast cancer cells, and starvation conditions can abrogate 
its effect on autophagy.

Downregulating the lncRNA NBR2-induced cytoprotective autophagy and promoted the pro-
liferation of breast cancer cells in vitro
Autophagy plays dual roles in the emergence and growth of tumours by promoting the proliferation of tumour 
cells and impeding their growth. We conducted MTT, colony formation and flow cytometry experiments to 
explore the role of the lncRNA NBR2 in regulating autophagy. Autophagy was further regulated to observe the 
effect of the lncRNA NBR2 on the proliferation of breast cancer cells. The lncRNA NBR2 was knocked down 
in MDA-MB-231 and BT-549 cells, while chloroquine (CQ, a late autophagy inhibitor) was added to inhibit 
autophagy flow, and the proliferation of breast cancer cells was observed. We found that after chloroquine treat-
ment, the proliferation of breast cancer cells decreased (Fig. 5A,C), the colony formation decreased (Fig. 5B,D), 
and the cell cycle was inhibited (Fig. 5E,F). These results imply that downregulating the lncRNA NBR2 can trigger 
autophagy in breast cancer cells, thereby stimulating cell proliferation and thereby protecting them. Blocking 
autophagy can weaken the proliferative effect of lncRNA NBR2 downregulation.

Tumour formation experiment in nude mice
In vitro-constructed BT-549 cells with low expression of the lncRNA NBR2 were implanted beneath the skin of 
nude mice, which were then split into two groups: the control group and the NBR2 low- expression group. The 
tumour size and weight of the latter group were greater than those of the former group (Fig. 6A,C). Moreover, 
protein and RNA were extracted from the tumour tissue, and PCR analysis revealed that lncRNA NBR2 expres-
sion was significantly downregulated in the low-expression group (Fig. 6B). Western blotting revealed increased 
expression of autophagy-related proteins in the group with low expression of the lncRNA NBR2 (Fig. 6D). 
Immunohistochemical analysis of tumour tissue sections revealed that downregulated lncRNA NBR2 expres-
sion promoted the malignant development of tumours and the expression of the autophagy-related index LC3 
(Fig. 6E). In conclusion, the downregulation of lncRNA NBR2 expression can promote the development of 
tumours and autophagy in vivo.

Discussion
The aetiology of breast cancer is relatively complex and involves factors such as genetics, hormones, reproduc-
tion, nutrition and other factors, which have a certain impact on its incidence. In recent years, many studies 
have shown that some RNA molecules are closely related to the proliferation, migration and invasion of tumour 
cells in vivo19–21, which makes lncRNAs attractive targets for identifying breast cancer intervention therapies. 
The TCGA BRCA gene expression data used in this study were downloaded from UCSC Xena (https:// xenab 
rowser. net/). The data type was mRNA FPKM-UQ, and then tools such as R language were used to create a box 
plot. Next, we knocked down or overexpressed lncRNA NBR2 to detect changes in the proliferation, migration, 
invasion, and autophagy of breast cancer cells and in the formation of subcutaneous grafts in nude mice, to clarify 
the specific mechanism of the lncRNA NBR2 in the occurrence and development of breast cancer.

LncRNAs can have a great impact on the development of cancer, including the proliferation and metastasis 
of tumour  cells22. Studies have shown that lncRNAs can regulate the expression of proteins related to epithelial 
mesenchymal  transformation23 and that the expression of these proteins can affect the proliferation of tumour 
cells; therefore, lncRNAs may become key targets for future tumour  therapy24,25. The expression of LINC01123 
is upregulated in ovarian cancer cell lines, and silenced expression of LINC01123 inhibits the proliferation and 
metastasis of ovarian cancer cells and promotes  apoptosis26. The overexpression of the lncRNA FOXD1-AS1 
promotes the occurrence and self-renewal of pancreatic cancer  tumours27. Knocking down TPT1-AS1 inhibits 
the proliferation and metastasis of liver cancer  cells28, all of which suggest that lncRNAs play important roles in 
tumour development.

The literature has shown that the lncRNA NBR2, which is located on human chromosome 17q21 and adjacent 
to the tumour suppressor gene BRCA1, is a product generated by a hypoglycaemic environment. Overexpression 
of the lncRNA NBR2 downregulated TGF-β1. However, overexpression of TGF-β1 does not affect the expression 
of the lncRNA NBR2, which can inhibit cell proliferation, differentiation and metastasis by inhibiting cell dry-
ness in  NSCLC29. Our results are consistent with the conclusions of these studies. In both the biogenic analysis 
and clinical breast cancer tissue sample detection, the expression of the lncRNA NBR2 in breast cancer tissues 
was downregulated, which is associated with poor prognosis. The expression of the lncRNA NBR2 is closely 
related to tumour size, histological grade, TNM stage, lymph node metastasis status and Ki67 expression. At 
the cellular level, lncRNA NBR2 expression was downregulated in a variety of breast cancer cell lines, inhibiting 
the proliferation, migration, invasion, cell cycle progression and other biological behaviours of breast cancer 

https://xenabrowser.net/
https://xenabrowser.net/
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Fig. 4.  Changes in the expression of autophagy-related proteins and the lncRNA NBR2 and the number of 
autophagosomes in breast cancer cells treated with the lncRNA NBR2 under starvation conditions. (A) The 
relative levels of autophagy related proteins such as LC3 and P62 in BT-549 and MDA-MB-231 cells after 
0 h, 6 h, 9 h and 12 h were detected by Western blotting. (B) Changes in lncRNA NBR2 expression were 
verified by qRT-PCR in BT-549 and MDA-MB-231 cells after 6 h of starvation. (C) Changes in the number of 
autophagosomes in BT-549 and MDA-MB-231 cells were detected by immunofluorescence experiments after 
6 h of starvation. (D,E) Western blotting analysis was used to determine the changes in autophagy-related 
proteins such as LC3 and P62 in BT-549 and MDA-MB-231 cells after 6 h of starvation and downregulation/
upregulation of the lncRNA NBR2. (F,G) Immunofluorescence assays were used to detect the number of 
autophagosomes in BT-549 and MDA-MB-231 cells after lncRNA NBR2 upregulation or downregulation after 
6 h of starvation. *P < 0.05, **P < 0.01, ***P < 0.001.
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cells. Flow cytometry results showed that knocking down or overexpressing the lncRNA NBR2 did not change 
cell apoptosis. These results indicated that the lncRNA NBR2 did not change the biological behaviour of breast 
cancer cell proliferation by affecting cell apoptosis. To further verify this conclusion, we conducted tumour 
formation experiments in nude mice, and the results showed that the tumour volume and growth of nude mice 
in the NBR2 group increased compared with those in the NC group. The clinical sample collection in this study 
also has several limitations, such as a small sample size, but the above research results indicate that the lncRNA 
NBR2 plays an anticancer role in human breast cancer by inhibiting biological behaviours such as the growth, 
migration and invasion of breast cancer cells.

We know that autophagy in the current literature can be divided into two aspects: one is to protect tumour 
cells and promote the degradation of damaged substances in cells to achieve the reuse of substances and provide 
nutritional support for tumour cell proliferation; the other is to monitor the malignant changes of cells in the 
body and self-clear to damaged cells to protect the  individual30,31. Autophagy and antiautophagic processes 
need to be balanced, and a change in a small molecule in the cell can alter this balance, so it is crucial to explore 
the factors that affect the balance of autophagy. The long noncoding RNA SNHG11 has been reported to be 
upregulated in gastric cancer, and its upregulation is associated with poor prognosis in patients. Functionally, 
SNHG11 increased the autophagy of gastric cancer cells and promoted their proliferation. Mechanistically, after 
the transcription of SNHG11, the expression of catenin β1 (CTNNB1) and autophagy -associated protein 12 
(ATG12) was upregulated by miR-483-3p, and SNHG11 regulates autophagy in an ATG12-dependent  manner32. 
From the above studies, we can see that lncRNAs can regulate the autophagy level of tumour cells, but what is 
the effect of lncRNA NBR2 on the autophagy of breast cancer cells? We detected the lncRNA NBR2 by western 
blot and immunofluorescence assays, and the results showed that the lncRNA NBR2 inhibited autophagy and 
the formation of autophagosomes in breast cancer cells. MTT, clonogenic and cell cycle assays were used for 
follow-up verification, and the results showed that cell proliferation was inhibited in the Lv-shNBR2 + CQ group 
compared with the Lv-shNBR2 group, and the cell cycle was blocked in the G1 phase. We can conclude that the 
lncRNA NBR2 inhibits cell proliferation, cell cycle progression and other biological behaviours by inhibiting 

Fig. 5.  The lncRNA NBR2 was knocked down in BT-549 and MDA-MB-231 cells, and chloroquine was added 
to inhibit autophagic flow to observe the proliferation of breast cancer cells. (A,B) MTT and colony formation 
assays showed that the viability of BT-549 cells was significantly greater in the lncRNA-knockdown NBR2 group 
than in the control group, but this growth-promoting effect was weakened after CQ treatment. (C,D) MTT and 
colony formation assays were used to detect the proliferative ability of MDA-MB-231 cells after the addition of 
CQ. (E,F) Flow cytometry was used to detect changes in the cell cycle distribution of BT-549 and MDA-MB-231 
cells after the addition of CQ. *P < 0.05, **P < 0.01, ***P < 0.001.
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protective autophagy in breast cancer cells. However, the specific mechanism by which lncRNA NBR2 affects 
protective autophagy in breast cancer cells still needs to be further explored (refer to the Western Blotting Results, 
Supplementary Information).

Glucose starvation induces the recruitment of the DNA damage receptor Mec1 protein to the mitochondrial 
surface, and the energy receptor Snf1 phosphorylates Mec1. Finally, phosphorylated Mec1 interferes with the 
induction of autophagy by affecting the formation of the ATG1  complex33. We further used western blotting, 
fluorescent quantitative PCR and immunofluorescence experiments to conduct studies under starvation condi-
tions, and the results showed that lncRNA NBR2 expression was downregulated and autophagy in breast cancer 
cells was increased under starvation conditions. Compared with lncRNA NBR2 knockdown, lncRNA NBR2 
knockdown combined with starvation significantly increased the expression of autophagy-related proteins and 
the formation of autophagosomes. This role in promoting autophagy may be realized by further downregulating 
lncRNA NBR2 expression under starvation treatment. In addition, starvation treatment alleviated the inhibitory 
effect of lncRNA NBR2 overexpression on cellular protective autophagy. These results indicate that starvation 
treatment and the lncRNA NBR2 have antagonistic effects on the expression of autophagy-related proteins to a 
certain extent, but the specific mechanism of action is still unclear. However, the results of this study provide a 
theoretical basis for the study of breast cancer.

Conclusion
In summary, we believe that the lncRNA NBR2 plays an antitumour role in breast cancer by inhibiting the 
proliferation, migration and invasion ability of breast cancer cells. The lncRNA NBR2 inhibits cell proliferation, 
cell cycle progression and other biological behaviours by reducing protective autophagy in breast cancer cells. 
Starvation can abrogate the inhibitory effect of the lncRNA NBR2 on protective autophagy in breast cancer cells.

Data availability
The data used in this study were public datasets, and the BRCA gene expression data were downloaded from 
UCSC Xena (https:// xenab rowser. net) using The Cancer Genome Atlas (https:// portal. GDC. cancer. gov). The 
corresponding data in the article are available from the corresponding author. All methods and public data were 
implemented according to the relevant guidelines and regulations.
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Fig. 6.  Effects of the lncRNA NBR2 knockdown on tumorigenic ability and autophagy in vivo. (A) BT-549 
cells with low lncRNA NBR2 expression and control cells were subcutaneously inoculated into nude mice. 
Representative images of isolated tumours showing significant growth. (B) RNA was extracted from tumour 
tissue, and the expression of the lncRNA NBR2 was analysed by qRT-PCR. (C) The volume and weight of 
subcutaneously transplanted tumours were measured in nude mice. (D) Protein was extracted from the 
tumour tissue, and autophagy-related protein expression was detected by western blotting. (E) Representative 
images of H&E staining and the expression of the autophagy-related index LC3 by immunohistochemistry in 
subcutaneous tumours. *P < 0.05, **P < 0.01, ***P < 0.001.

https://xenabrowser.net
https://portal.GDC.cancer.gov
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