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MicroRNA-140-5p inhibits invasion and angiogenesis through
targeting VEGF-A in breast cancer
Y Lu1,3, T Qin2,3, J Li2,3, L Wang2, Q Zhang2, Z Jiang2 and J Mao2,3

MicroRNAs (miRNAs) have been proven to be involved in cell metastasis and angiogenesis by interaction with the target mRNAs.
Evidence has been confirmed that miR-140-5p is a tumor suppressor in human cancers such as breast cancer. However, the
potential molecular mechanism of miR-140-5p in breast cancer invasion and angiogenesis is still poorly understood. According to
our study, we reported that miR-140-5p inhibited the tumor invasion and angiogenesis of breast cancer cells both in vitro and
in vivo by targeting VEGF-A. The mRNA amount of miR-140-5p was decreased in the breast cancer clinical samples and breast
cancer with metastasis compared with the corresponding adjacent normal tissues and cancer without metastasis. MiR-140-5p
mimics and a negative control were transfected into human MCF-7 and MDA-MB-231 cells. Transwell chambers were used to detect
the invasive ability of the cells, and the angiogenic ability was assessed by tube-formation assay. The markers of invasion and
angiogenesis, VEGF-A, CD31 and MMP-9, were detected by using immunohistochemistry and western blot analysis in vivo. VEGF-A
was verified as a possible target gene of miR-140-5p, and corroborated by dual-luciferase reporter and ELISA. Taken together, the
study elucidates the molecular mechanisms by which miR-140-5p inhibits breast cancer metastasis and angiogenesis, and provides
a potent evidence for the development of a novel microRNA-targeting anticancer strategy for breast cancer patients.
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INTRODUCTION
MicroRNAs (miRNAs) are small noncoding RNA sequences of
19–25 nucleotides that play a role in the post-transcriptional
control of gene expression.1 Recently, it has been reported that
miRNAs are involved in the control of cell proliferation, apoptosis,
cell cycle distribution, cellular migration and angiogenesis.2–5

Accumulating evidence shows that miRNAs are often abnor-
mally expressed in diverse cancers, including leukemias and
lymphomas,6 colorectal cancer,7 liver cancer,8 head and neck
cancer9 and breast cancers.10

Breast cancer is the main cause for death related to cancer for
women all over the world. In China, a total of 1 779 500 new
female cancer cases were reported in 2015; breast cancer itself is
predicted to take 15% of all new cancers in women.11 Breast
cancer patients frequently develop metastases at multiple sites,12

commonly to the lung, brain and bone.13–17 Previous studies have
reported that miR-34a, miR-502 and miR-22 play the role as tumor
suppressors in breast cancer,18–20 but miR-32 and miR-191
function as oncogenes in breast cancer and lung cancer.21,22

miR-140 appeared to be positively controlled by retinoblastoma
and to antagonize the effect of Rb depletion on spherogenesis
and tumorigenesis,23 and it can regulate the cell invasion of
esophageal cancer via controlling Slug expression.24 However, the
correlation of miR-140 expression with invasion and angiogenesis
in breast cancer has not been reported.
Vascular endothelial growth factor (VEGF), a main supervisor of

angiogenesis, is a dimeric glycoprotein secreted by many kinds of
cells, including cancer cells and peripheral blood mononuclear
cells.25 VEGF is a member of the family of platelet-derived growth
factors, including VEGF-A, VEGF-B, VEGF-C, VEGF-D and VEGF-E,

and placental growth factors.26 On one hand, expansion of the
VEGF-A gene is an essential mechanism for elevated VEGF-A
protein expression, and on the other hand it is also a poor
prognostic element for tumor-free survival in osteosarcomas.27

Thus, VEGF-A is an appealing objective for cancer therapy.
The findings of this study suggested that miR-140-5p down-

regulation was greatly related to clinical grades and metastasis in
breast cancer tissues, and we aim to study the mechanisms of
miR-140-5p in angiogenesis by a series of studies in vitro and vivo.
By analyzing bioinformatics information (TargetScan) and validat-
ing with experiences, it was found that VEGF-A was a direct
objective of miR-140-5p and miR-140-5p, which functioned as a
tumor suppressor in breast cancer metastasis and angiogenesis by
inhibiting the expression of VEGF-A.

MATERIALS AND METHODS
Patient samples
A total of 40 breast cancer tissues (Stage I: 12 cases; Stage II: 15 cases;
Stage III: 13 cases) from 40 patients who did not receive chemotherapy or
radiotherapy before the surgery, including 25 cases with lymph node
metastasis, and another 30 normal breast tissues obtained from the area
adjacent to the cancer were used. After the surgery, tissue samples were
immediately deposited at − 80 °C until RNA was extracted. All of the
samples were confirmed by three pathologists. This study was approved
by the Dalian medical university’s ethics committee.

Cell culture
MCF-7 and MDA-MB-231 cells were obtained from ATCC (Manassas, VA,
USA) and cultivated in Dulbecco's Modified Eagle's Medium (Gibco
Laboratories, Frederick, MD, USA) with 10% fetal bovine serum (Gibco)

1Teaching Laboratory of Morphology, Dalian Medical University, Dalian, China; 2Department of Pathology, Dalian Medical University, Dalian, China and 3Key Laboratory of Tumor
Stem Cell Research of Liaoning Province, Dalian Medical University, Dalian, China. Correspondence: Dr J Mao, Department of Pathology, Dalian Medical University, No.9 West
Section, Lvshun South Road, Dalian 116044, China.
E-mail: maojun1116@163.com
Received 26 April 2017; revised 16 June 2017; accepted 19 June 2017; published online 28 July 2017

Cancer Gene Therapy (2017) 24, 386–392

www.nature.com/cgt

http://dx.doi.org/10.1038/cgt.2017.30
mailto:maojun1116@163.com
http://www.nature.com/cgt


and one percent penicillin/streptomycin (Gibco) at 37 °C and 5% CO2; the
medium was changed every 2 days.

Vector construction and dual-luciferase reporter assay
The dual-luciferase reporter plasmid fused with the wild-type or mutant
3′-UTR segment of human VEGF-A was obtained from GenePharma
(Shanghai, China). For verification of the regulation of VEGF-A by miR-140
mimics, a total of 7 × 104 HEk-293T cells stably transfected with -miR-140-
5p mimics or miR-NC/N-control (scramble mimic) were seeded into 24-well
plates. On the following day, the cells were transfected with 100 ng of the
VEGF-A Wt or Mt 3′-UTR reporter plasmids, and 50 nM miR-140-5p mimics
or scramble mimics with Lipofectamine 2000 reagent (Invitrogen, Carlsbad,
CA, USA). After 2 days, cells were harvested with passive lysis buffer
(Invitrogen) and the luciferase activity was calculated by the Dual-
Luciferase Reporter Assay System (Promega, Madison, WI, USA) according
to the manufacturer’s instructions.

qRT-PCR analysis of miR-140-5p and VEGF-A
Lentiviral vectors were used for transfection. The vectors mediated miR-14-
5p were performed and result was constructed along with the protocol
(Invitrogen). miR-140-5p mimics and Negative controls (Invitrogen) were
transfected into breast cancer cells with Lipofectamine 2000 reagent
(Invitrogen). MiR-140-5p and VEGF-A mRNA expression levels were
determined by quantitative real-time RT–PCR (qRT–PCR) with the 7900HT
Real-Time PCR System (Applied Biosystems, Thermo Fisher Scientific,
Carlsbad, CA, USA). qRT–PCR analysis was performed to detect miRNA or
mRNA expression. A measure of 1 μg of total RNA was transcribed to cDNA
with a RevertAid Premium First Strand cDNA Synthesis Kit (Fermentas,
Burlington, Canada). The cDNA was intensified by immediate PCR with a
SYBR Green PCR master mix kit (Invitrogen, California, USA). The following
primers were used: miR-140-5p forward primer 5′-GAGTGTCAGTGGTT
TTACCCT-3′, reverse primer 5′-GCAGGGTCCGAGGTATTC-3′; VEGF-A forward
primer 5′-TTTCTGCTGTCTTGGGTGCATTGG-3′, reverse primer 5′-ACCACTT
CGTGATGATTCTGCCCT-3′; β-actin forward primer 5′-TCAAGATCATT-GCT
CCTCCTG-3′, reverse primer 5′-CTG-CTTGCTGATCCACATCTG-3′; U6 forward
primer 5′-TGCGGGTGCTCGCTTCGGCAGC-3′, reverse primer 5′-CCAGTGC
AGGGTCCGAGGT-3′.28 U6 or β-actin was applied as an endogenous
regulator. Gene expression was calculated in triplicate, and the results were
analyzed using the 2−ΔΔCt method and normalized to the controls.

Preparation of tumor-conditioned medium
MCF-7 cells were transfected with miR-140-5p mimics or miR-NC within
48 h, and then the cells were washed with cold phosphate-buffered saline
(PBS) three times and maintained in medium without serum. After 2 days,
tumor-conditioned medium (TCM) was collected after centrifugation at
12 000 g for 10 min at 4 °C and then kept at − 80 °C.

ELISA
MCF-7 and MDA-MB-231 cells (5 × 103, 6 × 103 cells per well, respectively) in
96-well plates were transfected with miR-140-5p mimics and N-Control for
48 h. Culture medium was collected and secreted VEGF-A was detected
with the human VEGF-A ELISA kit (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions. The VEGF-A secretion was
measured with a standard curve.

HUVEC tube-formation assay
HUVECs (7 × 105) were added into the mixture of TCM (300 μl) and
Dulbecco's Modified Eagle's Medium (300 μl) with 10% fetal bovine serum
and seeded on a 24-well plate coated with matrigel (300 μl per well, BD
Biosciences, San Jose, CA, USA). After 2 days of incubation at 37 °C, tube
construction was viewed under a microscope (Nikon Corporation, Tokyo,
Japan). The number of branches of the associated tubes was calculated
and compared within different groups.

Western immunoblot analysis
At 48 h after transfection, cells were lysed with RIPA buffer (Invitrogen) and
western immunoblotting was performed according to the standard
process. The major antibodies applied to the analysis were anti-human
and mouse VEGF-A antibody (1:500; Santa Cruz Biotechnology, Santa Cruz,
CA, USA), rabbit anti-human CD31 antibody (1:500, Abcam, Cambridge,

MA, USA), rabbit anti-Ki-67 (1:500, Santa Cruz Biotechnology), anti-MMP-9
mouse antibody (1:700, Abcam) and mouse anti-human GAPDH antibody
(1:1000, Santa Cruz Biotechnology) as a loading regulator.

Tumor cell metastasis and invasion assay
A density of 2 × 104 MCF-7 and MDA-MB-231 cells transfected with miR-140
mimic or N-regulators were added into the top chambers with or without
matrigel. After 12 h, cells at the bottom were stained with crystal violet
stain and were observed and counted under the microscope in five
different fields.

Cell proliferation assay
MCF-7 and MDA-MB-231 cells were added into 96-well plates at a density
of 3 × 104 cells per well with 100 μl of medium. Cell Counting Assay Kit-8
reagent (CCK-8, Diojindo Laboratories, Kumamoto, Japan) was added as
per protocol. The absorbance at 490 nm was calculated on a spectro-
photometer. All experiments were repeated with three independent
experiments.

Colony formation assay
Single suspended cells were seeded in six-well plates at 300 cells per well.
After 10 days, the colonies were stained with 0.02% crystal violet for
10 min and washed with PBS three times. The number of colonies was
counted under the microscope. All experiments were repeated three times.

Tumor xenograft assay
MCF-7 cells transfected with miR-140-5p mimics or negative regulator
vector (1 × 106) were injected into 8-week-old nude mice (n=5 per group).
Tumor volume was calculated as follows: Tumor volume= (width2 ×
length)/2. After 8 weeks, all mice were killed, and tumor volume and
weight were determined. The research was supervised by the Dalian
medical university’s ethics committee.

Immunohistochemistry
The xenograft tumor slices from blocked formalin-fixed and paraffin-
embedded tissue were checked for immunostaining for VEGF-A and CD31.
After deparaffinization, hydration and heat-induced antigen retrieval, the
tissue parts were nurtured for 1 h at room temperature with VEGF-A and
CD31 antibodies both diluted at 1:200. Biotinylated secondary antibody
(DAKO, Carpinteria, CA, USA) was used and binding was found with the
substrate DAB against a hematoxylin counterstain.

Statistical analysis SPSS
Standard version 18.0 (SPSS, Chicago, IL, USA) was applied to analyze
the data. The data were expressed as mean± s.d., and all results were
studied. P-value o0.05 was considered to be statistically significant. For
comparison of two independent data sets, Student’s t-test was used.

RESULTS
Downregulated miR-140-5p in primary breast cancer tissues, and
reduced expression of miR-140-5p connected with advanced
clinical procedure and poor patient prognosis
To investigate the role of miR-140-5p expression in patients with
breast cancer, we examined the expression level of miR-140-5p in
40 breast cancer tissues and 30 adjacent normal tissues. The
whole RNA was extracted from breast samples and analyzed by
RT–PCR in real time. As the data demonstrated, breast cancer had
reduced miR-140-5p expression by at least fivefold as compared
with the normal tissues in Figure 1a (Po0.05). In addition,
miR-140-5p was associated with tumor progression as it was
decreased in the sequence from stage I to III (Figure 1b, Po0.05).
Meanwhile, it was shown that the expression of miR-140-5p was
lower in lymph node metastasis tissues compared with breast
cancer tissues without metastasis (Figure 1c, Po0.05). In addition,
the expression levels of VEGF-A mRNA dominated by qRT–PCR in
breast cancer tissue samples were further analyzed. As shown in
the data, VEGF-A expression levels were inversely correlated with
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those of miR-140-5p in breast cancer tissues (R2 =− 0.834, Po0.05;
Figure 1d).

MiR-140-5p exactly inhibits VEGF-A gene expression via targeting
its 3′-UTR
TargetScan was used to study putative protein-coding gene
objectives of miR-140-5p; the VEGF-A gene was recognized as a

possible target and a dual-luciferase reporter assay was con-
ducted. The wild-type (WT) and mutant (MUT) versions of the
VEGF-A 3′-UTR containing site-directed mutations in the putative
miR-140-5p target places were cloned into the reporter plasmids
(Figure 2a). Luciferase reporter assay showed that the luciferase
activity of the wild-type VEGF-A 3′-UTR reporter gene was
significantly reduced in HEK-293T cells transfected with miR-140-
5p mimics, whereas the mutant reporter gene was not affected

Figure 1. miR-140-5p is downregulated in breast cancer clinical samples. (a) The miR-140-5p expression level is decreased in breast tumor
tissues compared with normal tissues. (b) miR-140-5p is differentially expressed in the early-stage (stages I and II) group compared with the
stage III group. (c) MiR-140-5p is differentially expressed in the lymph node metastasis group compared with the group without metastasis. (d)
Expression patterns of VEGF-A with miR-140-5p exhibited a significant negative correlation.

Figure 2. VEGF-A is the direct target of miR-140-5p. (a) A putative miR-140-5p-binding site exists in the 3′-UTR of VEGF-A mRNA, and three
point mutations were generated in the binding site. (b) Luciferase reporter assay for HEK-293T WT and Mut 3′-UTRs. (c) miR-140-5p
re-expression reduced VEGF-A mRNA levels as compared with the negative control in MCF-7 and MDA-MB-231 cells. (d) The expression of
miR-140-5p in MCF-7 and MDA-MB-231 cells decreased the intracellular VEGF-A protein levels, as shown by western blot analysis. (e) The
expression of miR-140-5p in MCF-7 and MDA-MB-231 cells decreased secreted VEGF-A protein levels, as shown by ELISA.
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(Figure 2b), which confirmed that VEGF-A is an exact aim of
miR-140-5p. We further analyzed the transcript and protein
expression of VEGF-A in MCF-7 and MDA-MB-231 cells trans-
fected with scrambled regulation or miR-140-5p mimics. The data
showed that overexpression of miR-140-5p suppresses the
expression mRNA and intracellular protein of VEGF-A (Figures 2c
and d). In addition, the secreted VEGF-A was analyzed by ELISA.
VEGF-A protein expression was reduced in cells transfected with
miR-140-5p mimics in TCM (Figure 2e).

miR-140-5p regulates biological behavior in breast cancer cell lines
Overexpression of miR-140-5p was observed to markedly reduce
the cell increase compared with its negative controls, as shown in
CCK-8 assays (Figure 3a). Colony-formation assays demonstrated
that ectopic expression of miR-140-5p led to nearly 70 and 60%
reduction in colony number in MCF-7 and MDA-MB-231 cells,
separately, after 10 days of culturing (Figure 3b). Given our initial
observation that miR-140-5p expression correlated with breast
cancer invasiveness, we investigated whether miR-140-5p regu-
lated cellular migration and invasion in vitro. After transfecting
with miR-140-5p mimics, it was found to be greatly inhibited for

the movement and invasion of these cells compared with
N-control cells (Figures 3c and d). Hence, it can be concluded
that miR-140 acts on some crucial genes controlling proliferation
and metastases in breast cancer.

Reduced capacity of cells to advance HUVEC tube construction
in vitro by MiR-140
HUVEC tube construction assays were performed with TCM from
MCF-7 and MDA-MB-231 cells. HUVECs were dispersed in TCM and
cultivated on the matrigel-coated wells to build capillary tubes in
2 days. Obviously, well-associated and more mature capillary tubes
that were derived from cells were built in the TCM transfected with
N-control, as illustrated in Figure 4a. However, less well-formed
capillary-like structures were built for HUVECs in the TCM derived
from cells transfected using miR-140 mimics (Figure 4b).

miR-140-5p suppresses breast cancer metastasis and angiogenesis
in vivo
We injected MCF-7 cells with miR-140-5p stably expressing mimics
or negative regulator vector into the nude mice. After 8 weeks,

Figure 3. Overexpression of miR-140-5p suppresses the proliferation and invasion in breast cancer. (a) Cells transfected with miR-140-5p oligo
exhibit a significant reduction in cellular proliferation compared with cells transfected with miRNA scramble control at 60 h after plating. (b)
The growth of MCF-7 and MDA-MB-231 cells was detected by colony formation after transfection with miR-140-5p or a negative control after
10 days. (c and d) Migration and invasion assays were performed. Cells migrating into lower chambers were stained with crystal violet and
imaged. Experiments were repeated three times.

Figure 4. MiR-140-5p reduces the capability of tumor cells to promote HUVEC tube formation. (a and b) Representative images of tube
formation and the relative tube number were measured.
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the mice were killed, and the tumors were examined (Figure 5a).
The results showed that the weight and volume of tumor nodules
derived from miR-140-5p-overexpressing cells were less than
those of the negative control group (Figure 5b). A histologic
analysis of the tumors confirmed the angiogenesis by immuno-
histochemistry. As shown in Figure 5c, the protein-level expression
of VEGF-A and MMP-9 in N-control group was more than the
miR-140-5p mimics group. Compared with the N-control and
miR-140-5p groups, the positive cell percentage of VEGF-A is
73.2 ± 3.3% and 24.4 ± 4.1%, and the positive cell percentage of
MMP-9 is 62.2 ± 2.1% and 22.1 ± 6.1%, respectively. Furthermore,
the protein expression stage of VEGF-A, CD31, Ki-67 and MMP-9
compared with the negative regulation group by western blot
analysis (Figure 5d), as the data showed that VEGF-A, CD31, Ki-67
and MMP-9 were greatly decreased in the miR-140-5p group.

DISCUSSION
MiRNAs function mainly in carcinogenic programs by controlling
genes at the post-transcriptional level, such as tumor cell develop-
ment, differentiation, metastasis and angiogenesis.29 MiRNAs play
the role as either tumor suppressors or oncogenes in regulating
the expression of immigration and angiogenesis-related genes.
For example, miR-101 inhibits nasopharyngeal carcinoma cell
angiogenesis and metastasis by directly repressing ITGA3,30

and tumor growth and angiogenesis is suppressed by miR-203
targeting VEGF-A in cervical cancer.31 While, MicroRNA-30d boosts
tumor angiogenesis development by MYPT1/c-JUN/VEGF-A in
prostate cancer.32

Here focusing on the current study, it showed that miR-140-5p
expression was greatly lack of regulation in breast cancer tissues.

Meanwhile, decreased expression of miR-140-5p was found in
advanced clinical stage and metastatic cancer tissues. The precise
mechanism of miR-140 deregulation is still unclear. However, we
speculate that the function of miR-140 is fundamentally linked
with cancer stem cell (CSC).33 CSC was usually known for its
high tumorigenicity and metastasis.34 Some reports indicated
that miR-140-5p was a key regulator in CSC progression and
metastasis, and it has been described to target the stem cell
pathways to modulate cancer stem cell formation, such as breast
cancer stem cell and colorectal cancer stem cell.35,36 In particular,
miR-140 functions greatly in controlling stem cell signaling in
common breast epithelium and in ductal carcinoma in situ (DCIS),
and miR-140 loss can overthrow a completely important regulator
of breast tissue differentiation possibilites.35

Our studies demonstrated that miR-140-5p mimics reduced cell
proliferation and colony formation, and the findings are consistent
with previously published reports in colorectal cancer.37 In order
to consist with the results in vitro, the tumor xenografts were
analyzed. In our study, MCF-7 transfected with miR-140 mimics in
the matrigel plug bioassay in vivo greatly reserved the weight and
volume of the tumor compared with the N-Control group. We
found the expression of Ki-67 to be downregulated in the
miR-140-5p group after overexpression of miR-140-5p. Usually,
the highest expression of Ki-67 was considered as an indicator of
poor prognosis in many kinds of cancers, such as breast cancer. In
addition, it is a useful tool to determine the potential of tumor
proliferation.38 Previous findings indicated that Ki-67 protein
expression is closely related to the cell cycle. Coincidentally,
miR-140-5p may be a cyclin regulator. In colorectal cancer, 140-5p
overexpression led to a growth in G1 stage with a decrease in S
phase, and Yan et al. reported that miR-140-5p had other targets

Figure 5. miR-140-5p inhibits tumor growth and angiogenesis in vivo. (a) Compared with the N-control group, miR-140-5p mimics inhibited
the tumor volume (bar= 10mm). (b) miR-140-5p mimics inhibited the weight of the tumor. (c) The expression of VEGF-A and MMP-9 in tumor
tissues and the number of positive cells. (d) The protein expression of VEGF-A, CD31, Ki-67 and MMP-9 in N-control and miR-140-5p mimics
groups by western blot analysis.
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such as Pin1 and cyclin D1 to reduce tumor growth in
hepatocellular carcinoma.39 However, further study is necessary
to determine the relationship between miR-140-5p and cyclin
protein.
Furthermore, there is an inverse relationship between the

expression of miR-140-5p and VEGF-A in breast cancer tissues.
VEGF-A is a well-known regulator of the angiogenesis and
metastasis of human cancers. Metastasis is the main reason for
the unsatisfactory prognosis of breast cancer patients. Metastasis
and blood vessels generally go along with each other and share
many characteristics, including molecular pathways.40 In this
study, we further determined whether miR-140-5p could affect
angiogenesis by targeting VEGA-A by using the HUVEC assay. We
found that MiR-140-5p blocked the tube-forming ability of
HUVECs in vitro. In vivo, the expression of CD31 was down-
regulated as miR-140-5p was overexpressed. Generally, CD31
expression on the endothelial cells is estimated on the basis of the
number of the Micro Vessel Density (MVD),41 and adequate blood
supply is essential for tumor growth, invasion and metastasis.42

Therefore, we speculate that it is a valid way to inhibit tumor
angiogenesis by upregulating miR-140-5p. Although the MCF-7
cell unsuccessfully migrated to other parts of the nude mice in the
xenograft model, we detected the expression of VEGF-A and
MMP-9 in the tumor tissues. MMP-9 has been constantly
associated with migration, invasion and angiogenesis in many
cancer subtypes such as breast cancer.43 The immunohistochem-
ical analysis of VEGF-A and MMP-9 in tumor xenografts derived
from animals treated with miR-140 mimics showed a clear
decrease in positive density, with a 50 and 40% reduction in
tumor. The latest study revealed that, compared with regulators,
which signifies its function in angiogenesis, the FAK activity is
demonstrated to be exactly connected with the VEGF-mediated
vasculature in mammary tumors. That CuB suppressed cancer cell
metastasis and angiogenesis through the downregulation of
VEGF/FAK/MMP signaling with both in vitro and in vivo models.44

However, the interrelationship between CuB/FAK and miR-140-5p
should be investigated in further work.
In conclusion, here in this work, the potential clinical relevance

of miR-140-5p in breast cancer has been identified, wherein it
promotes a variety of functions such as decreased cell viability,
colony formation and invasion. MiR-140-5p suppresses VEGF-A
expression, which then leads to inhibit angiogenesis formation,
along with the downregulation of proteins such as MMP-9. Taken
together, miR-140-5p may act as a biomarker in the diagnosis and
treatment of breast cancer.
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