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Abstract. The talin proteins are a key component of the 
extracellular matrix-integrin-cytoskeleton system, and our 
previous study suggested that talin2 contributes to the tumor 
invasion and metastasis processes regulated by the tumor 
microenvironment. In the present study, the specific effects of 
talin2 on the invasive ability of breast cancer cells, as well 
as the underlying mechanism, were investigated by creating 
two MDA-MB-231 cell lines with stable talin2 knockdown 
by specific RNA interference. Initially, it was confirmed 
that the expression levels of talin2 in human breast cancer 
tissues were upregulated compared with in normal adjacent 
tissues. Subsequently, invasion and wound healing assays 
revealed that depletion of talin2 in MDA-MB-231 cells 
decreased their migratory and invasive abilities. Western 
blot analysis demonstrated that knockdown of talin2 in 
MDA-MB-231 cells caused marked downregulation of the 
tumor microenvironment markers hypoxia-inducible factor 1α, 
phosphorylated ribosomal protein S6 kinase, phosphorylated 
protein kinase B and phosphorylated mechanistic target of 

rapamycin. Furthermore, knockdown of talin2 decreased 
the basal contents of glucose and lactic acid in the breast 
cancer cell line. In conclusion, the findings of the present 
study demonstrated that talin2 knockdown may inhibit the 
invasive ability of human breast cancer MDA-MB-23l cells 
via alterations in the tumor microenvironment.

Introduction

Breast cancer is the most common cancer in women worldwide 
with more than 2 million new cases expected to be diagnosed 
in 2018, accounting for 25% of all new cancer cases in women. 
Breast cancer also is the leading cause of cancer death among 
women worldwide with an estimated 626,700 breast cancer 
deaths in women in 2018 (1). Breast cancer can be divided into 
four subtypes that have distinct prognostic and therapeutic 
implications. Most breast cancers are luminal A (HR+/HER2-), 
being slow-growing and less aggressive than other subtypes, 
and with the most favorable prognosis in part due to increased 
responsiveness to anti-hormone therapy. Triple negative 
(HR-/HER2-) subtype (TNBC) represents approximately 12% 
of all breast cancers, with a poorer short-term prognosis than 
other subtypes. Therefore, there is an urgent need for a greater 
understanding of TNBC at all levels and for the development 
of better therapies (2). As a TNBC cell line, MDA-MB-231 
cell, distinguished by its invasive phenotype, was always used 
in the identification of genes and pathways that are potential 
mediators of metastasis (3).

The tumor microenvironment can markedly affect the inva-
sion and metastasis of cancer cells (4). The main component 
of the tumor microenvironment is the extracellular matrix, a 
network of proteins that interact with cell surface receptors 
to mediate the actin cytoskeleton, and that also contains 
other signaling molecules, including growth factors and cyto-
kines (5). Talins are large adaptor proteins responsible for the 
linkage between the integrin family of adhesion molecules 
and F-actin within cells (6). In vertebrates, two talin genes, 
TLN1 and TLN2, that encode very similar proteins, talin1 
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and talin2, have been identified (7,8). Previous studies have 
established that talin1 can regulate focal adhesion dynamics, 
cell migration and cell invasion (9-11), and recent studies 
involving talin2 knockdown have indicated that talin2 serves 
a role in the migration of hepatocellular carcinoma cells and 
breast cancer cells (12,13). However, the role of talin2 in cell 
invasion and metastasis remains unclear. In the present study, 
talin2 expression was downregulated in MDA-MB-231 human 
breast cancer cells by short hairpin RNA (shRNA)-mediated 
interference. Using the established talin2 knockdown cell 
lines, the effects of loss of talin2 on MDA-MB-231 cell inva-
sion were investigated, along with the influence of the tumor 
microenvironment on the occurrence and development of 
breast cancer.

Materials and methods

Patients and samples. A total of 32 breast cancer tissue 
specimens from tumor and adjacent tissues were obtained 
from previously untreated female patients. The patients were 
aged 36-73 years, with a mean age of 53 years, and underwent 
surgical treatment at the Department of General Surgery, 
The First Affiliated Hospital of Wenzhou Medical University 
(Wenzhou, China) between January 2016 and June 2017. 
All samples were cut into two samples. One tissue sample 
was fixed with 4% paraformaldehyde for 24 h at 4˚C, then 
embedded in paraffin and processed for routine histopatho-
logical examination, while the other tissue sample was frozen 
immediately in liquid nitrogen and stored at ‑80˚C for further 
studies. For all patients, the diagnosis of breast cancer was 
based on clinical and histopathological examination. Tumor 
stage was defined according to the tumor node metastasis 
(TNM) system by Union Internationale Contre le Cancer (14). 
Tumor pathological grade was defined based on the World 
Health Organization classification system (15). The present 
study was approved by the Board and Ethical Committee of 
The First Affiliated Hospital of Wenzhou Medical University. 
All study participants provided written informed consent in 
accordance with the Declaration of Helsinki.

Materials. Anti-talin2 antibody (cat. no. MCA4771GA) was 
purchased from Bio-Rad Laboratories, Inc. (Hercules, CA, USA). 
Anti‑protein kinase B (AKT; cat. no. 2966S), anti‑phosphorylated 
AKT (pAKT; cat. no. 4060S), anti‑mechanistic target of 
rapamycin (mTOR; cat. no. 2983S), anti‑phosphorylated mTOR 
(pmTOR; cat. no. 5536S), anti‑hypoxia‑inducible factor 1α 
(HIF-1α; cat. no. 36168S), ribosomal protein S6 kinase (S6K; 
cat. no. 2708S), anti-phosphorylated ribosomal protein S6 kinase 
(pS6K; cat. no. 9204S), anti‑tubulin (cat. no. 2148S), anti‑actin 
(cat. no. 3700S) and anti-GAPDH antibodies (cat. no. 2188S) 
were obtained from Cell Signaling Technology, Inc. (Danvers, 
MA, USA). Horseradish peroxidase (HRP)-conjugated goat 
anti-rabbit secondary antibody (cat. no. A0208), the 3,3'-diami-
nobenzidine color development kit and the bicinchoninic acid 
(BCA) protein concentration detection kit (cat. no. P0011) were 
obtained from Beyotime Institute of Biotechnology (Haimen, 
China). Talin2 shRNA clones TRCN0000122990 (shRNA1#) 
and TRCN0000122992 (shRNA2#) were purchased from 
Sigma‑Aldrich; Merck KGaA (Darmstadt, Germany). 
Lipofectamine® 2000 was purchased from Invitrogen; Thermo 

Fisher Scientific, Inc. (Waltham, MA, USA). Dulbecco's modi-
fied Eagle's medium (DMEM) and fetal bovine serum (FBS) 
were purchased from Gibco; Thermo Fisher Scientific, Inc. 
West Pico enhanced chemiluminescence (ECL) reagent was 
purchased from Pierce; Thermo Fisher Scientific, Inc. Penicillin 
G and streptomycin were purchased from Sangon Biotech Co., 
Ltd. (Shanghai, China). The glucose assay kit (cat. no. F006) and 
lactate dehydrogenase (LDH) assay kit (cat. no. A020-2) were 
purchased from Nanjing Jiancheng Bioengineering Institute 
(Nanjing, China).

Tissue immunohistochemistry (IHC). Representative 
tumor and adjacent normal regions were marked on the 
paraffin‑embedded blocks. Paired cancer and normal cores 
were punched from a donor block to generate tissue micro-
array (TMA) blocks. IHC was performed as described 
previously (16). Briefly, 4‑µm TMA slides were baked for 1 h 
at 60˚C, deparaffinized, dehydrated and treated with citrate 
buffer (pH 6.0) at 100˚C for 30 min. The TMA slides were 
then incubated with 3% hydrogen peroxide at room tempera-
ture for 1 h, followed by overnight incubation with anti-talin2 
antibodies (1:25 dilution) at 4˚C. Subsequently, the slides were 
incubated with a secondary antibody for 30 min at 37˚C (goat 
anti‑rabbit immunoglobulin G HRP‑conjugated antibody; 
1:2,000 dilution). Subsequently, the slides were incubated 
with peroxidase-conjugated streptavidin complex reagent 
and developed with 3,3‑diaminobenzidine solution until the 
desired staining was achieved (4-5 min). Slides were counter-
stained with hematoxylin, dehydrated, cleared, mounted and 
examined under a Nikon 80i microscope. The distribution 
area of talin2 expression in different tissues was analyzed 
using ImagePro Plus software 6.0 (Media Cybernetics, Inc., 
Rockville, MD, USA).

Cell culture and talin2 knockdown with shRNA. MDA-MB-231 
human breast cancer cells and 293T cells were obtained from 
the American Type Culture Collection (Manassas, VA, USA) 
and maintained in DMEM containing 10% FBS, penicillin 
(100 U/ml) and streptomycin (100 mg/ml) at 37˚C in a humidified 
incubator with 5% CO2 atmosphere. To construct the recombinant 
lentivirus, VSV-G-pseudotyped lentiviral vectors were produced 
by co-transfecting 6x106 293T cells with 2 pmol control shRNA 
(Sigma‑Aldrich; Merck KGaA), talin2 shRNA1# or shRNA2#, 
along with 1 pmol pMDLg.RRE, 0.5 pmol pMD2.G and 0.5 pmol 
pRSV.REV (Addgene Inc., Cambridge, MA, USA) using 
Lipofectamine® 2000, according to the manufacturer's protocol. 
After 8 h, the original medium was replaced with fresh medium, 
and the lentiviral supernatant was collected at 48 and 72 h 
post‑transfection. The collected supernatant was filtered through 
a cellulose acetate membrane (0.45-µm pore size).

A total of 1x105 MDA-MB-231 cells were plated into 
each well of a 6-well plate and infected with 100 µl lentivirus 
(MOI, 20) for 24 h. Cells that stably expressed lentiviral 
shRNAs were obtained by selection with 1 mg/ml puromycin 
over 3‑4 weeks at 37˚C in a humidified atmosphere containing 
5% CO2.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was extracted from MDA-MB-231 
and MDA-MB-231 Talin2 knockdown cells using the 
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PureLink RNA kit (Ambion; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol. cDNA was synthe-
sized at 42˚C for 50 min using the SuperScript First Strand 
Synthesis kit (Invitrogen; Thermo Fisher Scientific, Inc.) using 
0.5-1.0 µg RNA according to the manufacturer's protocol. 
qPCR reactions were performed using SYBR Green PCR 
master mix reagents (cat. no. 4309155; Invitrogen; Thermo 
Fisher Scientific, Inc.) on an ABI 7500 Fast Real‑Time PCR 
System (Applied Biosystems). The relative quantification 
of gene expression for each sample was analyzed using the 
2-ΔΔCq method (17). The following primers were used: Talin2 
forward, 5'-GGGGAATGTGTGGGGATTGCATCC-3' and 
reverse, 5'GATGAGGCGATGCG GCAGGCA‑3'; and 18S 
rRNA forward, 5'-ACCTGGTTGATCCTGCCAGT-3' and 
reverse, 5'-CTGACCGGGTTGGT TTTGAT-3'. The thermo-
cycling conditions were as follows: 20 sec at 95˚C; followed by 
40 cycles of 5 sec at 95˚C and 30 sec at 60˚C. Each experiment 
was repeated three times in duplicate.

Cell invasion assay. A total of 100 µl Matrigel (1:30 dilu-
tion in serum-free DMEM) was added to each Transwell 
polycarbonate filter (diameter, 6 mm; pore size, 8 µm; Costar; 
Corning, Inc., Corning, NY, USA) and incubated at 37˚C for 
6 h. MDA‑MB‑231 cells were trypsinized, washed three times 
with DMEM containing 1% FBS, and resuspended in DMEM 
containing 1% FBS at a density of 5x105 cells/ml for seeding 
into the upper chamber (100 µl/well). Subsequently, 600 µl 
DMEM containing 10% FBS was added to the lower chambers. 
As described previously (18), cells were allowed to invade for 
36 h in a CO2 incubator at 37˚C. The invaded cells were fixed 
for 15 min with 3.7% formaldehyde and stained using 0.1% 
crystal violet in 10% ethanol for 30 min at room temperature. 
The number of invaded cells per field was counted under a 
light microscope at x400.

Wound healing assay. Once cells reached 100% confluence in 
6‑well culture plates, an artificial ‘wound’ was created using a 
10-µl pipette tip to scratch the cell monolayer. The wound area 
was inspected after 36 and 48 h on an inverted phase-contrast 
microscope with a digital camera at room temperature. The 
wound healing speed was calculated as the percentage of the 
initial wound area that remained at different time points until 
total wound closure.

Western blot analysis. A total of 2x106 cells (MDA-MB-231 or 
MDA-MB-231 talin2 knockdown cells) were seeded overnight 
in 6-well plates, prior to being washed with ice-cold PBS and 
harvested using radioimmunoprecipitation assay buffer (cat. 
no. P0013C; Beyotime Institute of Biotechnology). The protein 
concentration was determined using the BCA method, and 
20 µg total proteins were separated using 12% SDS-PAGE 
prior to western blot analysis. The proteins were transferred 
to a nitrocellulose membrane that was blocked in 5% milk for 
1 h at room temperature. The expression levels of AKT, pAKT, 
mTOR, pmTOR, HIF-1α, total S6K, pS6K, GAPDH and 
actin were determined by incubating the membrane with the 
specific antibodies (1:1,000 dilution in 5% milk) overnight at 
4˚C, followed by incubation with HRP‑conjugated secondary 
antibody (1:1,000 dilution) for 1 h at room temperature prior to 
being developed with West Pico ECL reagent.

Measurement of glucose and LDH. According to the manu-
facturer's protocols, 1x107 cells were cultured in 6-well 
plates for 24 h prior to treatment with 1% Triton X-100 for 
30 min. The glucose concentration of the cultured cells 
was determined using a Glucose Assay Kit. The amount of 
lactic acid was measured with an Lactate Dehydrogenase 
Assay Kit. In this assay, LDH catalyzes the synthesis of 
pyruvic acid from lactic acid and pyruvic acid reacts to form 
2,4‑dinitrophenyl‑hydrazine, which has a visible brownish 
red color. Following the reaction, the absorbance was read at 
a wavelength of 490 nm on a microplate reader (Varioskan 
Flash; Thermo Fisher Scientific, Inc.).

Statistical analysis. All data are presented as the means ± stan-
dard deviation and analyzed using single‑factor analysis of 
variance. Multiple comparisons among groups were performed 
using one‑way ANOVA followed by the least significant differ-
ence post hoc test for comparison between two groups. The 
software package SPSS version 19.0 (IBM Corp., Armonk, 
NY, USA) was used for all statistical analyses. The results are 
representative of three independent experiments. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Talin2 expression in breast cancer tissue. IHC staining for 
talin2 in breast cancer tissues and adjacent normal tissue 
samples revealed that talin2 expression was 5.6 times higher 
in breast cancer tissues compared with in normal tissues 
(Fig. 1A and B), indicating that talin2 expression may promote 
the development of breast cancer.

Confirmation of talin2 knockdown in cancer cells. Following 
infection of MDA-MB-231 cells with one of the two recom-
binant talin2 shRNA lentiviruses, the expression levels of 
talin2 in the two knockdown cell lines were significantly 
lower compared with in the control group, as detected by 
western blotting and quantitative polymerase chain reac-
tion (Fig. 1C and D). The talin2 mRNA expression levels in 
control cells were ~5 or 2 times greater than those in the talin2 
shRNA1 and shRNA2 knockdown cell lines, respectively 
(Fig. 1D). These results indicated that two stable talin2 knock-
down cell lines were established, and these lines were used in 
subsequent experiments.

MDA‑MB‑231 cell invasion and migration following talin2 
knockdown. To examine the role of talin2 in breast cancer 
cell invasion, the invasion of MDA-MB-231 cells infected 
with talin2 shRNAs or a control shRNA was compared by 
Transwell assay. The results demonstrated that invasion of 
MDA‑MB‑231 cells was significantly reduced by talin2 knock-
down compared with in the control group. Specifically, the 
numbers of invading talin2 shRNA1 and shRNA2 knockdown 
cells were only 72 and 25%, respectively, of the number for 
control cells (Fig. 2A and B). Therefore, depletion of endog-
enous talin2 inhibited the invasive ability of MDA-MB-231 
cells.

To assess whether talin2 regulated the migration of breast 
cancer cells, an artificial ‘wound’ was created in monolayers 
of cultured cells using a 10-µl pipette tip, and the rate at which 
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cells grew into the wound area was examined after 36 and 
48 h (Fig. 2C and D). After 36 h, the wound healing rate of 
the talin2 shRNA1 or talin2 shRNA2 knockdown cells was 
slightly slower compared with in the control group, and after 
48 h, the two talin2 knockdown cell lines exhibited slower 
wound healing (0.67 times and 0.75 times for talin2 shRNA1 
and shRNA2 knockdown cells, respectively) than the control 
cells (P<0.01). These results indicated that talin2 depletion 
reduced the migratory ability of the breast cancer cells, which 
was similar to the results of Liang et al (13).

Effect of talin2 knockdown on AKT signaling in the tumor 
microenvironment. The tumor microenvironment is essen-
tial to cancer cell survival and serves an important role in 
tumor growth and metastasis. Basal glucose and LDH levels 
are important indicators of the tumor microenvironment. 
Therefore, basal glucose and LDH contents in MDA-MB-231 
cells with or without talin2 knockdown were assessed. The 
relative glucose levels in talin2 shRNA1 and shRNA2 
knockdown cells were 6.912±0.228 and 6.941±0.156 mM, 
respectively, which was ~20% less compared with control 
cells (Fig. 3A). The LDH test demonstrated that the lactic 
acid content in the talin2 shRNA1 and shRNA2 knockdown 

cells was 0.425±0.090 and 0.546±0.078, respectively, which 
was 50 and 36% less than that in control cells (Fig. 3B). These 
results demonstrated that talin2 knockdown may reduce basal 
glucose and LDH levels, which may stop tumor metastasis by 
altering the tumor microenvironment.

To further investigate the mechanism by which talin2 
knockdown affected the tumor microenvironment, the expres-
sion levels of proteins associated with the phosphoinositide 
3-kinase (PI3K)/AKT/mTOR signaling pathway, which serves 
an important role in substance and energy metabolism in the 
tumor microenvironment, were investigated. Compared with 
levels in control cells, the expression levels of pAKT and 
pmTOR in the two talin2 knockdown lines were markedly 
decreased. In addition, pS6K and HIF-1α expression was 
clearly reduced (Fig. 3C-F). These results demonstrated that 
talin2 knockdown may inhibit tumor invasion by altering the 
tumor environment via its effects on AKT/mTOR signaling.

Discussion

In the present study, which investigated the role of talin2 in 
breast cancer cells, it was demonstrated that talin2 expression 
was higher in breast cancer tissues compared with in normal 

Figure 1. Expression of talin2 in MDA-MB-231 cells and breast cancer tissues. (A) Distribution of talin2 expression in tumor tissues and normal tissues 
based on IHC (magnification, x400). (B) Semi‑quantification of IHC results. ***P<0.001 compared with normal tissues. (C) Endogenous talin2 protein levels 
in talin2-depleted and control MDA-MB-231 cells, as measured by western blotting. (D) Relative mRNA expression levels of talin2 in talin2-depleted and 
control MDA-MB-231 cells, as measured by quantitative polymerase chain reaction. **P<0.01, ***P<0.001 compared with shRNA cntl. cntl, control; IHC, 
immunohistochemistry; shRNA, short hairpin RNA.
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adjacent tissues. Cell invasion and migration assays demon-
strated that loss of talin2 in two MDA-MB-231 cell lines, 
following shRNA-mediated talin2 knockdown, resulted in 
inhibition of cell invasion and migration. Therefore, the results 
indicated that talin2 may be overexpressed in breast cancer, 
and may contribute to cancer cell invasion and metastasis. To 
investigate the underlying mechanism for this role of talin2 in 
breast cancer, the effects of talin2 knockdown on the expression 
of key proteins in the tumor microenvironment were explored.

The tumor microenvironment serves an important role in 
tumor growth and metastasis (19). This special environment 

contains tumor cells, endothelial cells, extracellular matrix, 
immune cells and mechanocytes, under conditions of low pH 
and low oxygen, with characteristic tumor angiogenesis and a 
high glucose absorption rate (20). Unlike normal cells, tumor 
cells primarily obtain energy via anaerobic digestion indepen-
dent of whether sufficient oxygen is present or not, and this 
is one of the most fundamental alterations in cell metabolism 
during malignant transformation. Warburg (21) demonstrated 
that tumor cells require more glucose than normal cells, and 
glucose is eventually converted into lactic acid via the glycolysis 
metabolic pathway, which suggests that cancer is a ‘metabolic 

Figure 2. Talin2 knockdown inhibits MDA-MB-231 cell invasion and migration. (A) Representative images of invading MDA-MB-231 cells in Transwell assay 
(magnification x400). (B) Quantification of invasion assay data. (C) Representative images from wound healing assay (magnification x200). (D) Quantification 
of wound healing assay data. *P<0.05, **P<0.01, ***P<0.001 compared with shRNA cntl. cntl, control; shRNA, short hairpin RNA.
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disease’. This previous study revealed that tumor cells prefer 
glycolysis to mitochondrial oxidative phosphorylation for the 
production of adenosine 5'-triphosphate, even when oxygen 
levels are sufficient; this phenomenon is known as the Warburg 
effect. Due to the rapid growth and vigorous metabolism of 
tumors, lactic acid, a metabolite of glycolysis, accumulates, 
creating a local acidic environment. Within an acidic microen-
vironment of pH <7.2, normal cells have difficulty surviving, 
but tumor cells not only adapt to the acidic environment, but 
exhibit enhanced ability for invasion and metastasis (22). 
HIF-1α is the central promoter of the hypoxia-adapted tumor 
response, and it upregulates pyruvate dehydrogenase kinase-1 
and inhibits pyruvate dehydrogenase to inhibit the tricarbox-
ylic acid cycle and the oxidative phosphorylation pathway (23). 
Additionally, the anaerobic glycolysis pathway is activated. 
Notably, HIF positively regulates the majority of key enzymes 

in the glycolysis process (24). Specifically, increased HIF‑1α 
expression under hypoxia activates the 5-terminal enhancer 
sequence of the glucose transporter type 1 (GLUT-1) gene, 
promoting large increases in GLUT-1 expression and product 
synthesis (25,26).

Abnormal PI3K/AKT signaling is an important biological 
characteristic of tumor cells. As a downstream effector of 
PI3K, AKT is activated by phosphorylation when it is trans-
ported from the cytoplasm to the cell membrane. Blocking the 
PI3K/AKT signaling pathway can induce a specific antitumor 
effect (27). mTOR is the most important effector molecule 
downstream of PI3K/AKT, and its activation activates the 
entire signaling pathway to control cell growth and prolif-
eration, as well as substance and energy metabolism (28,29). 
A previous study demonstrated that hypoxia can activate 
PI3K/AKT, mitogen-activated protein kinase and other 

Figure 3. Talin2 knockdown affects glucose and LDH levels via the AKT/mTOR signaling pathway. (A) Glucose contents of talin2-depleted and control 
MDA-MB-231 cells. (B) LDH levels of talin2-depleted and control MDA-MB-231 cells. Expression levels of (C) total AKT and pAKT, (D) HIF-1α, (E) total 
mTOR and pmTOR, and (F) total S6K and pS6K in talin2-depleted and control MDA-MB-231 cells, as measured by western blotting. **P<0.01, compared with 
shRNA cntl. AKT, protein kinase B; cntl, control; Glu, glucose; HIF‑1α, hypoxia-inducible factor 1α; LDH, lactate dehydrogenase; mTOR, mechanistic target 
of rapamycin; p, phosphorylated; S6K, ribosomal protein S6 kinase; shRNA, short hairpin RNA.
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signal transduction pathways to stimulate increased expres-
sion of HIF-1α and contribute to the pathogenesis of various 
diseases (30). Phosphorylation of AKT promotes the utiliza-
tion of glucose by cancer cells by stimulating glycolysis (31).

In the present study, the expression of proteins in the 
AKT/mTOR signaling pathway was detected following talin2 
knockdown in MDA-MB-231 cells to explore the mechanism 
by which talin2 regulated breast cancer cell invasion. Reduced 
expression of pS6K and HIF-1α, as well as reduced levels of 
activated AKT and mTOR, were identified in MDA‑MB‑231 
cells with talin2 knockdown. Additionally, tests for basal 
glucose and LDH indicated that lactic acid and glucose levels 
were significantly reduced in breast cancer cells following 
talin2 knockdown. These data demonstrated that talin2 
knockdown may affect the tumor microenvironment via 
downregulation of AKT/mTOR signaling. Thus, these results 
may provide a novel target and basis for the diagnosis and 
treatment of breast cancer.
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