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Abstract
The sprouting of endothelial cells is the first step of tumor angiogenesis. Our previous study suggests that miR-153 suppresses 
breast tumor angiogenesis partially through targeting hypoxia-induced factor (HIF1α). In this study, we demonstrated that 
miR-153 also suppresses the migration and the tube formation of endothelial cells through directly targeting angiopoietin 1 
(ANG1) in breast cancer cells. There was a negative correlation between miR-153 and ANG1 levels in breast cancer. miR-153 
blocked the expression and secretion of ANG1 in breast cancer cells through binding to ANG1 mRNA. Conditioned medium 
from the breast cancer cell, MCF7, treated with miR-153 had no effect on the proliferation of HUVECs, but significantly 
inhibited the migration and tube formation of HUVECs, which could be rescued by overexpression of ANG1. In addition, 
miR-153 also directly inhibited the proliferation and migration of MCF7 through downregulation of ANG1. These findings 
suggest that miR-153 suppresses the activity of tumor cells and the migration and tube formation of endothelial cells by 
silencing ANG1.
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Introduction

The growth of a solid tumor depends on the blood vessels 
that provide the tumor with nutrition and oxygen [1]. To 
provide the necessary components to permit rapid tumor 
growth, tumor cells activate the endothelial cells of pre-
existing blood vessels and promote their sprouting and 
migration toward the tumor by secreting proangiogenic fac-
tors [2–5]. Vascular endothelial growth factor A (VEGFA) 

and angiopoietin 1 (ANG1) are important proangiogenic 
factors [3, 6].

ANG1 is a secreted ~ 70-KDa glycoprotein belonging to 
the angiopoietin family. This family contains three other 
members: angiopoietin 2 (ANG2), the mouse orthologue 
angiopoietin 3 (ANG3), and the human orthologue angi-
opoietin 4 (ANG4). The angiopoietin family contributes to 
the remodeling and maturation of novel blood vessels by 
interacting with its tyrosine kinase receptor, Tie2, on the 
membrane of endothelial cells [7]. ANG2 is the natural 
antagonist for ANG1 [8, 9] and disrupts angiogenesis by 
inhibiting the phosphorylation of Tie2 [10].

In addition to stabilizing blood vessels during the late 
stage of angiogenesis [11–13], ANG1 also promotes the 
sprouting of endothelial cells at the early stage of angiogen-
esis through downstream activation of Tie2 via the mitogen-
activated protein kinase (MAPK) [14] and phosphoinositide 
3-kinase (PI3K) pathways [15]. Because the sprouting of 
endothelial cells is the first step in angiogenesis [15–18], the 
growth of a tumor can be inhibited by inactivating ANG1/
Tie2 signaling [19–22].

miR-153 is an ancient and conserved miRNA which sup-
presses the tumor development by downregulating tumor-
associated genes, such as SNAI1 [23], KLF5 [24], and 
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MCL-1 [25]. Furthermore, recent work by us and two other 
groups has shown that stress-responsive miR-153 suppresses 
tumor angiogenesis by inactivating the HIF1α/VEGFA axis 
under hypoxic conditions [26–28]. However, the function 
and the mechanisms of miR-153 activity in tumor angio-
genesis are not completely understood, especially under 
normoxic conditions.

Using an online database (http://www.micro rna.org), we 
found that miR-153 can bind to the three prime untranslated 
regions (3′UTR) of ANG1 mRNA. In this study, we demon-
strated that miR-153 downregulates the expression of ANG1 
in tumor cells and inhibits the migration and tube formation 
of endothelial cells through blocking the paracrine activity 
of ANG1.

Materials and methods

Cell lines and culture

In this study, we used immortalized breast epithelial cell 
lines MCF10A and 184B5, and the breast cancer cell lines 
MDA-MB-231, SUM149PT, Hs578T, HCC1937, HCC1806, 
MDA-MB-468, MCF7, and T47D. All these cell lines were 
characterized with short tandem repeat (STR) profiling 
analysis and were cultured according to the ATCC recom-
mendations. Fetal bovine serum, DMEM, DMEM/F12 (1:1), 
and 1640 basic media were purchased from Gibco. Primary 
human umbilical vein endothelial cells (HUVECs) were iso-
lated from neonatal umbilical cord veins and cultured in the 
EGM-2 Bullet Kit (CC-3162, Lonza) as described in our 
previous study [27]. All cells were cultured in an incubator 
with 5%  CO2 at 37 °C.

Clinical breast cancer samples 
and immunohistochemistry

We obtained seven clinical breast cancer tissue samples and 
their matched normal tissue samples from the First Affiliated 
Hospital of Kunming Medical University, a procedure that 
was approved by the human ethics committee of Kunming 
Institute of Zoology, Chinese Academy of Sciences. These 
tissues were fixed in 3.7% formalin for 36 h and then treated 
with paraffin at 65 °C. 4-µm-thick paraffin tissue sections 
were cut and used in the immunohistochemistry assay. After 
antigen repairing using a pressure cooker, tissue sections 
were incubated with the ANG1 primary antibody (23302-1-
AP, Proteintech) overnight at 4 °C. The next day we used the 
anti-mouse/rabbit ultra-sensitive polymer system (PV-8000, 
ZSGB-BIO, China) to incubate the tissue section. ANG1 
expression was detected by using the DAB staining. The 
images were collected using a microscope.

Western blot and antibody

We used RIPA lysis buffer [50 mM Tris pH 7.4, 150 mM 
NaCl, 1% Triton X-100, 1% sodium deoxycholate, 0.1% 
SDS, and the protease inhibitor cocktail (P8340, Sigma-
Aldrich)] to lyse cells and the clinical breast cancer tissue 
samples by incubating for 30 min on ice. Then, 10–12% 
SDS–PAGE gels were used to separate proteins. Proteins on 
the gels were transferred to PVDF membranes (IPVH00010, 
Millipore). After blocking with 5% skim milk for 1 h at room 
temperature, the membrane was incubated with primary anti-
bodies against ANG1 (23302-1-AP, Proteintech), GAPDH 
(60004-1-Ig, Proteintech), and β-ACTIN (60008-1-Ig, Pro-
teintech), and FLAG® M2 (F1804, Sigma-Aldrich) over-
night at 4 °C. The next day, the membranes were incubated 
with secondary anti-rabbit IgG (31460, Thermo Fisher), or 
anti-mouse IgG antibodies (31430, Thermo Fisher) in 3% 
skim milk for 40 min at room temperature. Chemilumines-
cence was detected by using HRP substrate (WBKLS0100, 
Millipore).

Real‑time PCR

We used TRIzol® (15590-026, Invitrogen) to isolate total 
RNA of breast cancer tissue and cells. iScript complemen-
tary DNA synthesis (170-8891, Bio-Rad) and TaqMan® 
MicroRNA Reverse Transcription (4366596, Thermo 
Fisher) kits were used to obtain the cDNA and miR-153, 
respectively. SYBR Green (4472908, Applied Biosystems) 
was used to quantify the ANG1 mRNA and miR-153 in the 
ABI-7900HT system (Applied Biosystems). The primer 
sequences of ANG1 for real-time PCR are as follows: for-
ward, 5′-CAG CGC CGA AGT CCA GAA AAC-3′; and reverse, 
5′-CAC ATG TTC CAG ATG TTG AAG-3′. The reverse tran-
scription PCR and the real-time PCR primer sequences for 
GAPDH, 18S rRNA, miR-153, and U6 were described in 
our previous study [27].

Dual‑luciferase reporter assays

We synthesized complementary DNA oligonucleotides of 
the predicted binding sequence and mutant sequences of 
miR-153 on the 3′UTR of ANG1 mRNA. The predicted 
binding sequence (WT) was 5′-CCC AAG CTT ACT TTT 
CCA CAA TAT AGA TAC GTT TGG ATG ATT GTT TAA TAC 
TAG TCC G-3′. The sequence for a single-point mutation 
(Mut 1) was 5′-CCC AAG CTT ACT TTT CCA CAA TAT AGA 
TAC CTTT GGA TGA TTG TTT AAT ACT AGT CCG-3′. The 
sequence of a three-point mutation (Mut 3) was 5′-CCC AAG 
CTT ACT TTT CCA CAA TATA TATA TATTT GGA TGA TTG 
TTT AAT ACT AGT CCG-3′. These oligonucleotides were 
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cloned into the pMIR-Report™ system. After sequencing, 
the plasmids (800 ng/well) pMIR-ANG1-3′UTR-WT, pMIR-
ANG1-3′UTR-Mut1, or pMIR-ANG1-3′UTR-Mut3, together 
with pCMV-Renilla control (8 ng/well), were transfected 
into HEK293T cells which had been pre-transfected with 
miR-153 mimics (50 nM) or negative control (50 nM). At 
48 h after transfection, cellular lysate was collected and used 
to detect luciferase activity (Promega, USA).

ELISA assay

MCF7, MDA-MB-231, and HCC1937 cells were seeded 
in 12-well plates. At 8 h after transfection with miR-153 
mimics (50 nM), the cellular supernatant was replaced with 
fresh medium. The conditioned media of the grown breast 
cancer cell lines were collected into sterilized 1.5-ml tubes 
72 h after transfection. After centrifugation for 5 min at 
1000 rpm, the supernatant was transferred to a new tube. 
The secreted levels of ANG1 in the conditioned medium 
were detected using a Human Angiopoietin-1 Quantikine 
ELISA Kit (DANG10, R&D systems, Shanghai) according 
to the manufacturer’s recommendations.

Ectopic expression of ANG1 in MCF7 cells

We amplified the encoding sequences of the human ANG1 
gene (NM_001146.4) without the miR-153 binding sites, 
using the cDNA of the HEK293T cell line with the fol-
lowing PCR primers: 5′-CGG GAT CCA TGA CAG TTT 
TCC TTT CCTT-3′ (forward) and 5′-CCC TCG AGT CAA 
AAA TCT AAA GGT CGAA-3′ (reverse). The ANG1 cod-
ing region was cloned into a pCDH-CMV-MCS-EF1-
puro-3 × FLAG-3 × HA lentiviral vector which was obtained 
from Prof. Wen Liu at Xiamen University (Xiamen, Fujian, 
China). After sequencing, the pCDH-ANG1 expression plas-
mid and other three packaging plasmids (pMDLg/pRRE, 
pRSV-Rev, and pCMV-VSV-G) were transfected into the 
HEK293T cells to prepare lentivirus. At 72 h after trans-
fection, the lentivirus was harvested and used to infect the 
MCF7 cells. At 48 h later, 2 µg/ml puromycin was added to 
select ANG1 overexpressing cells.

Sulforhodamine B (SRB) assays

MCF7, MCF7-pCDH, and MCF7-ANG1 cells were seeded 
in a 6-cm culture dish and transfected with miR-153 mimics 
(50 nM) or NC control (50 nM). At 48 h after transfection, 
the cells were re-seeded in 48-well plates (2 × 104/well), and 
each treatment group was seeded in six wells. At 8 h after 
seeding, three of the six wells were fixed in 10% trichloro-
acetic acid (TCA) for one hour as seeding control wells. At 
48 h after seeding, the other three wells were fixed as experi-
mental wells. The cells were stained with 200 µl 0.4% SRB 

(S9012, Sigma) solution in 1% acetic acid for 10 min. After 
washing with 1% acetic acid twice, the stain was solubilized 
with 10 mM unbuffered Tris base (pH 10.5) and the plates 
were read at 530 nm wavelength. To avoid differences in cell 
counting, the proliferation of cells was evaluated by using 
the relative OD  (ODexperiment − ODseeding control).

EdU assays

Primary HUVECs were seeded on coverslips (BD bio-
sciences) the day before the experiment. The EGM-2 media 
were discarded the next day. The cells on the cultured slides 
were washed with 1 × PBS twice. Then the conditioned 
media derived from the MCF7 cells were used to culture 
the HUVECs for 6 h. Subsequently, proliferating cells were 
labeled with EdU for 4 h. The primary HUVECs were then 
fixed in 3.7% formalin for 20 min at room temperature. DNA 
synthesis was detected using the Click-iT® EdU Alexa 
Fluor® 488 Imaging Kit (C10337, Invitrogen) according 
to the manufacturer’s protocol. Five random visual fields 
for each treatment group were collected using fluorescence 
microscopy. Total cells and EdU positive cells were counted 
using Image-Pro-Plus 6.0 (Media Cybernetics, USA).

Transwell assays

The migration of MCF7 cells was evaluated using a 24-well 
format with 8-µm pores (Corning). The bottom side of the 
membrane of the upper chamber was pre-coated with 600 µl 
DMEM medium, while the lower chamber was incubated 
10% FBS for 2 h. Then, 6 × 104 cells in serum-free medium 
were added to the upper chamber of each well. Thirty-six 
hours later, the cells remaining on the superior side of the 
membrane were removed gently with cotton swab. The cells 
that had migrated to the bottom side of the membrane were 
fixed in 3.7% formalin for 20 min at room temperature, fol-
lowed by staining with 1% crystal violet in 2% ethanol for 
30 min. The images were collected, and the number of cells 
that had migrated were counted using Image-Pro-Plus 6.0.

Wound healing assays

We used a wound healing assay to investigate the migra-
tion of primary HUVECs in conditioned medium. For each 
well, 3.5 × 105 HUVECs cells were seeded in 12-well plates. 
The next day, the supernatant was discarded and replaced 
with conditioned medium derived from MCF7 cells. A 
10-µl pipette tip was used to create a wound in the primary 
HUVECs. At 0 h and at 24 h, images were collected using 
light microscopy. The wound closure was analyzed with 
Image-Pro-Plus 6.0.
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Tube formation assays

Matrigel (BD Biosciences)-coated µ-Slide angiogenesis 
(ibidi GmbH) was used to observed tube formation of pri-
mary HUVECs. Then, 1 × 104 primary HUVECs in 50 µl 
of conditioned medium derived from MCF7 cells were 
seeded. At 6 h after seeding, images were collected using 
light microscopy. The total tube length was measured and 
analyzed with Image-Pro-Plus 6.0.

Statistical analysis

All data were analyzed by using the SPSS 18.0 (SPSS Inc., 
USA) and were shown as the mean ± standard deviation. 
Each experiment was repeated at least three times. The dif-
ferences between two groups were analyzed by two-tailed 
t test, and p values smaller than 0.5 were considered to be 
statistically significant.

Results

ANG1 is highly expressed in clinical breast cancer 
tissues

To determine ANG1 expression levels and the correlation 
between ANG1 and miR-153 levels in breast cancer, we 
collected seven patient samples which included breast can-
cer tissues and matched adjacent normal tissues. Although 
some breast cancer tissues showed no expression of ANG1, 
overall the ANG1 protein levels in the breast cancer tissues 
were significantly higher than those in the adjacent tissues 
as shown by Western blot (Fig. 1a, b). Immunohistochem-
istry results indicated that ANG1 was largely expressed in 
the normal breast ductal epithelial cells, but its expression 
was increased in breast cancer cells (Fig. 1c). We further 
detected the expression of miR-153 and ANG1 mRNA in 
these sample tissues using RT-qPCR, and we found that 
there was a consistent negative correlative trend between 
miR-153 and ANG1 at the protein and at the mRNA levels 
in breast cancer tissues (Fig. 1d, e).

miR‑153 suppresses the ANG1 expression 
and secretion in breast cancer cells

Among the breast cancer cell lines, the expression of ANG1 
and miR-153 showed a negative correlation at both the 
mRNA (Fig. 2a, b) and protein levels (Fig. 2c, d). To test 
whether miR-153 directly targets ANG1, we sub-cloned 
the predicted binding sequence and mutant sequences 
derived from ANG1 by using the pMIR-Report™ system 
and performed a luciferase assay. In HEK293T cells, miR-
153 mimics significantly inhibited the luciferase activities 

of the plasmids with the wildtype sequence or the single-
point mutation but not the three-point mutation (Fig. 2e, 
f). We additionally transfected the miR-153 mimics into 
three breast cancer cell lines (MCF7, MDA-MB-231, and 
HCC1937), and we found that miR-153 mimics downregu-
lated the expression of ANG1 and decreased the secretion 
of ANG1 (Fig. 2g–i).

miR‑153 inhibits MCF7 proliferation and migration 
by silencing ANG1

We transfected the MCF7 cells with ANG1 siRNAs, and 
we performed the SRB and Transwell assays to evaluate 
the function of ANG1 in MCF7. Knockdown of ANG1 
decreased the proliferation and migration of MCF7 cells 
(Fig. 3a, b). To evaluate whether miR-153 inhibits the pro-
liferation and migration of MCF7 cells through ANG1, we 
stably overexpressed ANG1 in MCF7 (Fig. 3e) and found 
that the ANG1 overexpression rescued proliferation and 
migration and protected against miR-153-mediated inhibi-
tion. These findings suggest that miR-153 suppresses the 
proliferation and migration of MCF7 cells through silencing 
ANG1.

miR‑153 suppresses the migration and tube 
formation of primary HUVECs through blocking 
the paracrine of ANG1 in MCF7 cells

We transfected miR-153 mimics or ANG1 siRNAs into 
MCF7 cells with or without the ectopic ANG1 expression 
and harvested the conditioned media from the MCF7 cells to 
incubate with primary HUVECs. The EdU assay suggested 
that the conditioned media of MCF7 cells incubated with 
the miR-153 or the ANG1 siRNAs treatment did not affect 
the proliferation of primary HUVECs (Fig. 4b, c). Addition-
ally, conditioned media of MCF7 cells with ectopic ANG1 
expression also did not increase the proliferation of the pri-
mary HUVECs (Fig. 4f, g). However, conditioned media 
from MCF7 cells treated with miR-153 or ANG1 siRNAs 
decreased the migration and the tube formation of primary 
HUVECs (Figs. 5a, b and 6a, b), and inhibition of miR-153 
could be rescued by the ectopic ANG1 expression (Figs. 5c, 
d and 6c, d). These findings indicate that miR-153 inhibits 
primary HUVECs migration and tube formation through 
suppression of the secretion of ANG1 from MCF7 breast 
cancer cells.

Discussion

In this study, we demonstrated that miR-153 inhibits the 
migration and tube formation of endothelial cells through 
silencing the expression of ANG1 in breast cancer cells. 
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First, there was a negative correlative trend between miR-
153 and ANG1 in both the clinical breast cancer samples and 
the breast cancer cell lines. Second, miR-153 downregulated 
the expression of ANG1 in the MCF7, the MDA-MB-231, 
and the HCC1937 breast cancer cell lines by binding to the 
3′UTR of ANG1 mRNA. Importantly, miR-153 inhibited 

HUVEC migration and tube formation, but not proliferation. 
Finally, miR-153-mediated inhibition of HUVEC migration 
and tube formation was rescued by overexpression of ANG1 
in MCF7 cells.

Endothelial cell sprouting is the initial step in angio-
genesis [29]. We observed that miR-153 suppressed the 

Fig. 1  ANG1 is highly expressed in clinical breast cancer tissues. a 
Protein levels of ANG1 in breast cancer and matched adjacent tis-
sues were detected by Western blot. b The quantitative results of a. 
*p < 0.05, t test. c The correlative analysis of miR-153 and ANG1 
protein levels in breast cancer and matched adjacent tissues. There 
is a negative correlative trend between miR-153 and ANG1 at pro-

tein level in seven breast cancer tissues. d The correlation analysis 
of miR-153 and ANG1 mRNA levels in breast cancer and matched 
adjacent tissues. There is a negative correlative trend between miR-
153 and ANG1 mRNA in seven breast cancer tissues. e Immunohis-
tochemical staining of ANG1 in breast cancer and matched adjacent 
tissues. Representative images are shown. Scale bar, 100 µm
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Fig. 2  miR-153 suppresses the expression and secretion of ANG1 
in breast cancer. a Expression levels of miR-153 and ANG1 mRNA 
in the breast cancer cell lines was detected by RT-qPCR. b The cor-
relative analysis of miR-153 and ANG1 mRNA in a. c Protein lev-
els of ANG1 in breast cancer cell lines were examined by Western 
blot. d The correlation analysis of miR-153 and ANG1 protein levels 
for c. e The predicted binding sequence and the mutant sequences of 
miR-153 at the 3′UTR of ANG1 mRNA. f miR-153 mimics (50 nM) 
significantly inhibited the luciferase activity of the pMIR-ANG1-

3′UTR-WT but not the pMIR-ANG1-3′UTR-Mut3 in the HEK293T 
cell line. **p < 0.01, t test. g miR-153 mimics (50 nM) downregulated 
the mRNA levels of ANG1 in three breast cancer cell lines (MCF7, 
MDA-MB-231, and HCC1937). **p < 0.01, t test. h miR-153 mimics 
(50  nM) downregulated protein levels of ANG1 including the non-
glycosylated (~ 55  kDa) and the glycosylated (~ 70  kDa) formats in 
the MCF7, MDA-MB-231, and HCC1937 cell lines. i miR-153 mim-
ics (50 nM) significantly decreased the secretion of ANG1 in MCF7 
and MDA-MB-231 cell lines. *p < 0.05, **p < 0.01, t test
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ability of primary HUVECs to migrate and to form tubes 
through blocking the paracrine activity of ANG1 in breast 
cancer cells. The ability of ANG1 to mediate the sprouting 
of endothelial cells has been reported in previous studies. 
The mechanisms by which ANG1 promotes the sprouting 
of endothelial cells may be associated with the activation 

of the PI3K and PKCζ/β-catenin/Rac1 pathways after Tie2 
phosphorylation [15, 17]. The PI3K inhibitors, the PKCζ 
siRNAs, and the ANG1/Tie2 antagonist ANG2 inhibit 
endothelial cell migration and sprouting [10, 15, 17].

In this study, we showed that conditioned media of MCF7 
cells treated with miR-153 or the ANG1 siRNAs did not 

Fig. 3  miR-153 suppresses MCF7 proliferation and migration by 
silencing ANG1. a A schematic illustration of cell treatment, collec-
tion and detection. b Downregulation of ANG1 protein levels after 
ANG1 siRNA (50 nM) treatment for 72 h in MCF7 cells as detected 
by Western blot. c Knockdown of ANG1 by siRNA decreased cel-
lular viability of MCF7 cells as characterized by the SRB assay. 
**p < 0.01, t test. d Knockdown of ANG1 with siRNA inhibited 
the migration of MCF7 cells characterized with the transwell assy. 
The representative images are shown, and the scale bar is 100  µm. 

*p < 0.05, **p < 0.01, t test. e Ectopic expression of ANG1 in MCF7 
without the miR-153 binding site. f Ectopic expression of ANG1 
increased cellular viability of MCF7 cells and rescued the inhibition 
of miR-153, shown with the SRB assay. *p < 0.05, t test. g Ectopic 
expression of ANG1 increased the migration of MCF7 cells and 
rescued the inhibition of miR-153, shown using the transwell assay. 
Representative images are shown, and the scale bar is 100  µm. 
**p < 0.01, t test
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inhibit HUVEC proliferation. Furthermore, conditioned 
media with ANG1 overexpression did not promote prolif-
eration of HUVECs. In contrast to our results, exogenous 
ANG1 protein has been previously reported to increase 
endothelial cell proliferation [14, 18]. In these previous 
studies, exogenous ANG1 showed weak mitogenic activ-
ity only when its concentration was more than 20 ng/ml. In 
this study, the concentrations of ANG1 in the conditioned 
medium of MCF7 cells were between 0.1 ng/ml and 0.4 ng/
ml. It is reasonable that the low concentration of ANG1 in 
the conditioned medium derived from MCF7 cells had no 
effect on the proliferation of HUVECs. These results suggest 
that at the early stage of tumor angiogenesis, tumor cells-
secretion of ANG1 mainly affects endothelial cell sprouting 
and migration but not proliferation.

In a small number of clinical breast cancer samples, we 
found that expression levels of ANG1 in cancer tissues were 
significantly higher than those in the adjacent normal tis-
sues. It has been reported that the removal of the BRCA1/

CtIP/ZBRK1 repressor complex on the ANG1 promotor 
causes high expression of ANG1 in tumor cells, and pro-
motes tumor growth by accelerating angiogenesis [19]. In 
addition to promoting the endothelial cell’s migration and 
tube formation, ANG1 overexpression also promoted MCF7 
breast cancer cell’s proliferation and migration. To date, the 
functions of ANG1 in tumor cells have not been reported. 
These mechanisms deserve further investigation.

Our previous study and two other studies conducted at 
the same time suggest that miR-153 inhibits endothelial cell 
activity and tumor angiogenesis through downregulating the 
hypoxia-induced HIF1α/VEGFA pathway [27, 28, 30]. In 
this study, miR-153 inhibited the migration and tube for-
mation of endothelial cells through blocking the paracrine 
activity of ANG1 in MCF7 breast cancer cells under nor-
moxia. In tumor angiogenesis, especially at the early stage, 
the VEGFA and the ANG1/Tie2 pathways play a synergis-
tic role [18, 20, 21, 31, 32]. When VEGFA is blocked, the 
ANG1/Tie2 pathway is thought to be the major contributor 
to tumor angiogenesis and tumor growth [22]. miR-153 can 
inhibit both the HIF1α/VEGFA and ANG1/Tie2 pathways 
to suppress tumor growth and angiogenesis.

In summary, our work reveals that miR-153 inhibited the 
migration and tube formation of primary HUVECs through 
directly inhibiting the expression and secretion of ANG1 in 
MCF7 breast cancer cells. Furthermore, miR-153 suppressed 
the proliferation and migration of MCF7 by silencing ANG1. 
Our findings provide a new perspective for clarifying the 
mechanisms of miR-153 in tumor angiogenesis, and suggest 
that miR-153 can be developed as a powerful small molecule 
inhibitor for tumor angiogenesis therapeutics.

Fig. 4  ANG1 from MCF7-conditioned media has no influence on 
HUVEC proliferation. a Downregulation of ANG1 protein levels 
after miR-153 and ANG1 siRNAs treatment. b MCF7-conditioned 
media from cells treated with the miR-153 or the ANG1 siRNAs had 
no effect on the proliferation of the primary HUVECs, characterized 
with the EdU assay. Representative images are shown. “CM” means 
the conditioned medium. c The quantitative results of b. d Ectopic 
expression of ANG1 without the binding site of miR-153 in MCF7 
cells. e Ectopic ANG1 expression in MCF7 cells was detected using 
the ELISA assay. **p < 0.01, t test. f MCF7-conditioned media with 
ectopic ANG1 had no influence on the proliferation of primary 
HUVECs as characterized by EdU assay. Representative images are 
shown. g The quantitative results of f 

◂
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Fig. 5  miR-153 inhibits the migration of primary HUVECs through 
suppression of the secretion of ANG1 from MCF7 cells. a MCF7-
conditioned media from cells treated with the miR-153 or the ANG1 
siRNAs inhibited the migration of the primary HUVECs in a wound 
healing assay. Representative images are shown. The “CM” means 
the conditioned medium. b The quantitative results of a. *p < 0.05, 

**p < 0.01, t test. c The MCF7-conditioned medium with the ectopic 
ANG1 expression increased the migration of the primary HUVECs 
and rescued the inhibition of miR-153 by the wound healing assay. 
The representative images are shown. d The quantitative results of c. 
*p < 0.05, t test



859Angiogenesis (2018) 21:849–860 

1 3

Acknowledgements We sincerely thank professor Wen Liu from 
Xiamen University for providing the pCDH lentivirus system. This 
study was supported by National Natural Science Foundation of China 
(81660438 to Ge, F; U1602221 and 31771516 to Chen, C, U1502222 
and 81772847 to Liu, R, 81672639 to Zhou, Z) and the Yunnan Applied 
Basic Research Key Project (2015FA027 to Liu, R).

Compliance with ethical standards 

Disclosure The authors declare that no competing interest exists.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Warren BA, Shubik P (1966) The growth of the blood supply to 
melanoma transplants in the hamster cheek pouch. Lab Investig 
15(2):464–478

 2. Folkman J (1971) Tumor angiogenesis: therapeutic implications. 
N Engl J Med 285(21):1182–1186. https ://doi.org/10.1056/nejm1 
97111 18285 2108

 3. Kerbel RS (2000) Tumor angiogenesis: past, present and the near 
future. Carcinogenesis 21(3):505–515

 4. Folkman J (1986) How is blood vessel growth regulated in normal 
and neoplastic tissue? G.H.A. Clowes memorial Award lecture. 
Cancer Res 46(2):467–473

 5. Saaristo A, Karpanen T, Alitalo K (2000) Mechanisms of angio-
genesis and their use in the inhibition of tumor growth and metas-
tasis. Oncogene 19(53):6122–6129. https ://doi.org/10.1038/
sj.onc.12039 69

 6. Fagiani E, Christofori G (2013) Angiopoietins in angiogen-
esis. Cancer Lett 328(1):18–26. https ://doi.org/10.1016/j.canle 
t.2012.08.018

Fig. 6  miR-153 inhibits the tube formation of the primary HUVECs 
through suppressing the secretion of ANG1 from MCF7 cells. a 
MCF7-conditioned medium with the miR-153 or the ANG1 siRNAs 
treatment inhibited the tube formation of the primary HUVECs by 
the tube formation assay. The representative images are shown. The 
“CM” means the conditioned medium. b The quantitative results of a. 

*p < 0.05, **p < 0.01, t test. c MCF7-conditioned medium from cells 
treated with the ectopic ANG1 increased the tube formation of the 
primary HUVECs and rescued the inhibition of miR-153 as charac-
terized with a tube formation assay. Representative images are shown. 
d The quantitative results of c. *p < 0.05, **p < 0.01, t test

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/nejm197111182852108
https://doi.org/10.1056/nejm197111182852108
https://doi.org/10.1038/sj.onc.1203969
https://doi.org/10.1038/sj.onc.1203969
https://doi.org/10.1016/j.canlet.2012.08.018
https://doi.org/10.1016/j.canlet.2012.08.018


860 Angiogenesis (2018) 21:849–860

1 3

 7. Eklund L, Olsen BR (2006) Tie receptors and their angiopoietin 
ligands are context-dependent regulators of vascular remodeling. 
Exp Cell Res 312(5):630–641. https ://doi.org/10.1016/j.yexcr 
.2005.09.002

 8. Xu Y, Yu Q (2001) Angiopoietin-1, unlike angiopoietin-2, is 
incorporated into the extracellular matrix via its linker pep-
tide region. J Biol Chem 276(37):34990–34998. https ://doi.
org/10.1074/jbc.M1036 61200 

 9. Taura K, De Minicis S, Seki E, Hatano E, Iwaisako K, Oster-
reicher CH, Kodama Y, Miura K, Ikai I, Uemoto S, Brenner DA 
(2008) Hepatic stellate cells secrete Angiopoietin 1 that induces 
angiogenesis in liver fibrosis. Gastroenterology 135(5):1729–
1738. https ://doi.org/10.1053/j.gastr o.2008.07.065

 10. Maisonpierre PC, Suri C, Jones PF, Bartunkova S, Wiegand S, 
Radziejewski C, Compton D, McClain J, Aldrich TH, Papadopou-
los N, Daly TJ, Davis S, Sato TN, Yancopoulos GD (1997) Angi-
opoietin-2, a natural antagonist for Tie2 that disrupts in vivo angi-
ogenesis. Science 277(5322):55–60. doi:https ://doi.org/10.1126/
scien ce.277.5322.55

 11. Hawighorst T, Skobe M, Streit M, Hong YK, Velasco P, Brown 
LF, Riccardi L, Lange-Asschenfeldt B, Detmar M (2002) Acti-
vation of the tie2 receptor by angiopoietin-1 enhances tumor 
vessel maturation and impairs squamous cell carcinoma growth. 
Am J Pathol 160(4):1381–1392. https ://doi.org/10.1016/S0002 
-9440(10)62565 -5

 12. Brudno Y, Ennett-Shepard A, Chen R, Aizenberg M, Mooney D 
(2013) Enhancing microvascular formation and vessel maturation 
through temporal control over multiple pro-angiogenic and pro-
maturation factors. Biomaterials 34(36):9201–9209

 13. Takahashi K, Ito Y, Morikawa M, Kobune M, Huang J, Tsukamoto 
M, Sasaki K, Nakamura K, Dehari H, Ikeda K, Uchida H, Hirai 
S, Abe T, Hamada H (2003) Adenoviral-delivered angiopoietin-1 
reduces the infarction and attenuates the progression of cardiac 
dysfunction in the rat model of acute myocardial infarction. Mol 
Ther 8(4):584–592

 14. Kanda S, Miyata Y, Mochizuki Y, Matsuyama T, Kanetake H 
(2005) Angiopoietin 1 is mitogenic for cultured endothelial cells. 
Cancer Res 65(15):6820–6827. https ://doi.org/10.1158/0008-
5472.can-05-0522

 15. Kim I, Kim H, Moon S, Chae S, So J, Koh K, Ahn B, Koh G 
(2000) Angiopoietin-1 induces endothelial cell sprouting through 
the activation of focal adhesion kinase and plasmin secretion. Circ 
Res 86(9):952–959

 16. Mitola S, Moroni E, Ravelli C, Andres G, Belleri M, Presta 
M (2008) Angiopoietin-1 mediates the proangiogenic activ-
ity of the bone morphogenic protein antagonist Drm. Blood 
112(4):1154–1157

 17. Oubaha M, Lin M, Margaron Y, Filion D, Price E, Zon L, Côté 
J, Gratton J (2012) Formation of a PKCζ/β-catenin complex 
in endothelial cells promotes angiopoietin-1-induced collec-
tive directional migration and angiogenic sprouting. Blood 
120(16):3371–3381

 18. Koblizek TI, Weiss C, Yancopoulos GD, Deutsch U, Risau W 
(1998) Angiopoietin-1 induces sprouting angiogenesis in vitro. 
Curr Biol 8(9):529–532

 19. Furuta S, Wang J, Wei S, Jeng Y, Jiang X, Gu B, Chen P, Lee 
E, Lee W (2006) Removal of BRCA1/CtIP/ZBRK1 repressor 
complex on ANG1 promoter leads to accelerated mammary 
tumor growth contributed by prominent vasculature. Cancer Cell 
10(1):13–24

 20. Takahama M, Tsutsumi M, Tsujiuchi T, Nezu K, Kushibe K, Tani-
guchi S, Kotake Y, Konishi Y (1999) Enhanced expression of 
Tie2, its ligand angiopoietin-1, vascular endothelial growth factor, 
and CD31 in human non-small cell lung carcinomas. Clin Cancer 
Res 5(9):2506–2510

 21. Lin P, Polverini P, Dewhirst M, Shan S, Rao PS, Peters K (1997) 
Inhibition of tumor angiogenesis using a soluble receptor estab-
lishes a role for Tie2 in pathologic vascular growth. J Clin Invest 
100(8):2072–2078. https ://doi.org/10.1172/jci11 9740

 22. Huang J, Bae J, Tsai J, Kadenhe-Chiweshe A, Papa J, Lee A, Zeng 
S, Kornfeld Z, Ullner P, Zaghloul N, Ioffe E, Nandor S, Burova 
E, Holash J, Thurston G, Rudge J, Yancopoulos G, Yamashiro D, 
Kandel J (2009) Angiopoietin-1/Tie-2 activation contributes to 
vascular survival and tumor growth during VEGF blockade. Int J 
Oncol 34(1):79–87

 23. Bai Z, Sun J, Wang X, Wang H, Pei H, Zhang Z (2015) Micro-
RNA-153 is a prognostic marker and inhibits cell migration and 
invasion by targeting SNAI1 in human pancreatic ductal adeno-
carcinoma. Oncol Rep 34(2):595–602. https ://doi.org/10.3892/
or.2015.4051

 24. Liu R, Shi P, Nie Z, Liang H, Zhou Z, Chen W, Chen H, Dong 
C, Yang R, Liu S, Chen C (2016) Mifepristone suppresses basal 
triple-negative breast cancer stem cells by down-regulating KLF5 
expression. Theranostics 6(4):533–544. https ://doi.org/10.7150/
thno.14315 

 25. Zou Y, Liu W, Zhang J, Xiang D (2016) miR-153 regulates 
apoptosis and autophagy of cardiomyocytes by targeting Mcl-
1. Mol Med Rep 14(1):1033–1039. https ://doi.org/10.3892/
mmr.2016.5309

 26. Ma Y, Xue Y, Liu X, Qu C, Cai H, Wang P, Li Z, Li Z, Liu 
Y (2017) SNHG15 affects the growth of glioma microvascular 
endothelial cells by negatively regulating miR-153. Oncol Rep 
38(5):3265–3277

 27. Liang H, Xiao J, Zhou Z, Wu J, Ge F, Li Z, Zhang H, Sun J, Li 
F, Liu R, Chen C (2018) Hypoxia induces miR-153 through the 
IRE1alpha-XBP1 pathway to fine tune the HIF1alpha/VEGFA 
axis in breast cancer angiogenesis. Oncogene 37(15):1961–1975. 
https ://doi.org/10.1038/s4138 8-017-0089-8

 28. Li L, Wang M, Mei Z, Cao W, Yang Y, Wang Y, Wen A (2017) 
lncRNAs HIF1A-AS2 facilitates the up-regulation of HIF-1alpha 
by sponging to miR-153-3p, whereby promoting angiogenesis in 
HUVECs in hypoxia. Biomed Pharmacother 96:165–172. https ://
doi.org/10.1016/j.bioph a.2017.09.113

 29. Risau W (1997) Mechanisms of angiogenesis. Nature 
386(6626):671–674. https ://doi.org/10.1038/38667 1a0

 30. Zeng HF, Yan S, Wu SF (2017) MicroRNA-153-3p suppress 
cell proliferation and invasion by targeting SNAI1 in melanoma. 
Biochem Biophys Res Commun 487(1):140–145. https ://doi.
org/10.1016/j.bbrc.2017.04.032

 31. Kim KJ, Li B, Winer J, Armanini M, Gillett N, Phillips HS, Fer-
rara N (1993) Inhibition of vascular endothelial growth factor-
induced angiogenesis suppresses tumour growth in vivo. Nature 
362(6423):841–844. https ://doi.org/10.1038/36284 1a0

 32. Pizzino G, Irrera N, Galfo F, Pallio G, Mannino F, D’Amore A, 
Pellegrino E, Ieni A, Russo GT, Calapai M, Altavilla D, Squad-
rito F, Bitto A (2018) Effects of the antagomiRs 15b and 200b 
on the altered healing pattern of diabetic mice. Br J Pharmacol 
175(4):644–655. https ://doi.org/10.1111/bph.14113 

https://doi.org/10.1016/j.yexcr.2005.09.002
https://doi.org/10.1016/j.yexcr.2005.09.002
https://doi.org/10.1074/jbc.M103661200
https://doi.org/10.1074/jbc.M103661200
https://doi.org/10.1053/j.gastro.2008.07.065
https://doi.org/10.1126/science.277.5322.55
https://doi.org/10.1126/science.277.5322.55
https://doi.org/10.1016/S0002-9440(10)62565-5
https://doi.org/10.1016/S0002-9440(10)62565-5
https://doi.org/10.1158/0008-5472.can-05-0522
https://doi.org/10.1158/0008-5472.can-05-0522
https://doi.org/10.1172/jci119740
https://doi.org/10.3892/or.2015.4051
https://doi.org/10.3892/or.2015.4051
https://doi.org/10.7150/thno.14315
https://doi.org/10.7150/thno.14315
https://doi.org/10.3892/mmr.2016.5309
https://doi.org/10.3892/mmr.2016.5309
https://doi.org/10.1038/s41388-017-0089-8
https://doi.org/10.1016/j.biopha.2017.09.113
https://doi.org/10.1016/j.biopha.2017.09.113
https://doi.org/10.1038/386671a0
https://doi.org/10.1016/j.bbrc.2017.04.032
https://doi.org/10.1016/j.bbrc.2017.04.032
https://doi.org/10.1038/362841a0
https://doi.org/10.1111/bph.14113

	miR-153 inhibits the migration and the tube formation of endothelial cells by blocking the paracrine of angiopoietin 1 in breast cancer cells
	Abstract
	Introduction
	Materials and methods
	Cell lines and culture
	Clinical breast cancer samples and immunohistochemistry
	Western blot and antibody
	Real-time PCR
	Dual-luciferase reporter assays
	ELISA assay
	Ectopic expression of ANG1 in MCF7 cells
	Sulforhodamine B (SRB) assays
	EdU assays
	Transwell assays
	Wound healing assays
	Tube formation assays
	Statistical analysis

	Results
	ANG1 is highly expressed in clinical breast cancer tissues
	miR-153 suppresses the ANG1 expression and secretion in breast cancer cells
	miR-153 inhibits MCF7 proliferation and migration by silencing ANG1
	miR-153 suppresses the migration and tube formation of primary HUVECs through blocking the paracrine of ANG1 in MCF7 cells

	Discussion
	Acknowledgements 
	References


