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Abstract. Angiogenesis is a key factor in the growth and 
dissemination of malignant diseases, including breast cancer, 
with significant implications for its clinical management. It 
is known that microRNAs (miRNAs) play important roles 
in regulating tumor properties in cancers. However, whether 
miR-497 contributes to breast cancer angiogenesis remains 
unknown. Our study demonstrated that miR-497 was signifi-
cantly downregulated in breast cancer tissue samples and cell 
lines. Conditioned medium obtained from breast cancer cell 
line MCF-7, treated with miR-497 mimics, suppressed the 
proliferation and tube formation of human umbilical vein 
endothelial cells in vitro, in comparison with the untrans-
fected cells or cells transfected with the control vector alone. 
Furthermore, western blot assay confirmed that the over-
expression of miR-497 reduced VEGF and HIF-1α protein 
levels. In addition, stable transfection of miR-497 inhibited 
tumorigenicity and angiogenesis in vivo. Moreover, HIF-1α 
was also increased in the breast cancer cells under a hypoxic 
condition, while the ectopic expression of miR-497 partially 
restored its level. Taken together, our findings indicate that 
miR-497 is a potential target for the biological therapy of 
breast cancer. Moreover, miR-497 inhibited the growth of 

tumors and reduced angiogenesis in a nude mouse xenograft 
tumor model, which was probably caused by the downregula-
tion of pro-angiogenic molecules, such as VEGF and HIF-1α.

Introduction

Currently, breast cancer is the most prevalent oncological 
disease worldwide, with approximately 232,670 new cases 
and 40,000 deaths among women living in the United States 
in 2012 (1). The most aggressive and invasive tumor cells, 
including breast cancer cells, which often reside in hypoxic 
environments, rely on extensive glycolysis to meet their large 
demand for energy and biosynthetic precursors (2,3). Once 
exposed to a hypoxic environment, breast cancer cells subse-
quently exhibit enhanced angiogenesis and tumor metastasis, 
which results in the poor survival rate of cancer patients (4,5). 
Hence, investigation of hypoxia-induced molecules will aid 
in the development of new tools for the treatment of breast 
cancer.

MicroRNAs (miRNAs) are a type of endogenous and 
small non-coding regulatory RNAs of 21-23 nucleotides, 
which mainly recognize complementary sequences in the 
3'-untranslated regions (UTRs) of their target genes leading 
to mRNA degradation or translation inhibition. Most animal 
miRNAs are evolutionarily conserved and are often found in 
clusters (6,7). Primary miRNAs with a stem-loop structure are 
transcribed by RNA polymerases (RNA Pols) and processed 
in both the nucleus and cytoplasm by Drosha as well as 
Dicer to generate mature miRNAs (8). Existing studies have 
found that miRNAs are involved in the regulation of multiple 
pathological processes that contribute to tumorigenesis and 
metastasis, such as tumor cell proliferation, differentiation, 
apoptosis, as well as invasion (9). For example, a higher level 
of miR-191 was reportedly found in several types of cancer, 
including breast cancer, in which it was found to be hypoxia 
inducible (10). In addition, miRNA-10b (miR-10b) expression 
was increased in metastatic breast cancer cells, along with 
positive regulation of cell migration and invasion through the 
suppression of the homeobox D10 tumor-suppressor signaling 
pathway (11). In most solid cancers, miR-497 has been found 
to be a tumor suppressor (12-14). Such a function is exerted 
partly by anti-proliferative and anti-growth potential (13-15). 
A previous study demonstrated that miR-497 induced cell 
apoptosis by negatively regulating Bcl-2 protein expression 
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at the post-transcriptional level in human breast cancer (13). 
However, the relationship between miR-497 and hypoxia 
remains unclear.

In the present study, we found that miR-497, as a hypoxia 
responsive miRNA, was downregulated in human breast 
cancer clinical samples and cell lines. Ectopic expression 
of miR-497 functioned as an angiogenesis suppressor both 
in vitro and in nude mice by targeting VEGF and HIF-1α. Our 
results propose that miR-497 may be a therapeutic target for 
breast cancer in the development of angiogenesis inhibitors.

Materials and methods

Patients and tissue specimens. Forty-five human breast cancer 
clinical samples and their corresponding normal breast tissues 
were obtained from breast cancer patients who underwent 
surgery for breast cancer at The Second Affiliated Hospital 
of Wenzhou Medical University between October 2013 and 
October 2014. All cases were histologically confirmed as inva-
sive, ductal breast cancer by trained pathologists. No patients 
received chemotherapy or radiotherapy prior to surgery. All the 
specimens were obtained with informed consent and approved 
by the Ethics Committee of Wenzhou Medical University.

Cell culture. Human breast cancer cell lines T-74D, MCF-7, 
MDA-MB-453, MDA-MB-468 and MDA-MB-435 were 
purchased from the American Type Culture Collection 
(ATCC; Rockville, MD, USA). Non-malignant breast epithe-
lial cell line MCF-10A was preserved in our laboratory. The 
cells were cultured in modified Eagle's medium containing 
10% fetal bovine serum (FBS), 0.5% penicillin-streptomycin, 
and 1% glutamine at 37˚C with 5% CO2. HUVECs (obtained 
from ATCC) were cultured in gelatin-coated plates with M199 
medium containing 20% FBS, endothelial cell growth supple-
ment (50 µg/ml; Sigma) and antibiotics, and incubated at 37˚C 
in 5% CO2 in air. For hypoxic stress, MCF-7 cells were placed 
in a hypoxia chamber (Invivo200; Ruskin, UK) maintained at 
different pO2 conditions (ranging from 0.2 to 1% oxygen) and 
5% CO2. Cells in the logarithmic growth phase (~90% conflu-
ency) were selected for the experiments.

RNA transfection. miR-497 mimics, inhibitors (anti-miR-497) 
and AllStar negative control siRNA (NC) were synthesized 
by GenePharma (Shanghai, China). The transfection was 
conducted using Lipofectamine 2000 (Invitrogen, USA) 
according to the manufacturer's instructions. Complete 
medium was changed 5 h after transfection.

Preparation of tumor cell-conditioned medium. After MCF-7 
cells were transfected for 48 h, the supernatant medium was 
replaced by serum-free medium and incubation was carried 
out for another 24 h. The conditioned medium was collected 
after centrifugation at 4˚C and 2,000 rpm for 10 min and was 
stored at -70˚C for subsequent use. The cells were classified as 
the negative control siRNA conditioned medium group (NC), 
the miR-497 mimics conditioned medium group and the anti-
miR-497 conditioned medium group, respectively.

Cell proliferation. HUVEC cells were seeded in each well 
of 96-well culture plates (1,000 cells/well). After overnight 

incubation, the medium was removed and replaced with fresh 
culture medium plus equal amounts of the different condi-
tioned medium. After 48 h of incubation, the supernatant was 
discarded, and 10 µl CCK-8 solution (Dojin Laboratories, 
Kumamoto, Japan) was added. The cells were then incubated 
at 37˚C for 60 min, and the absorbance was measured at 
490 nm using a microplate spectrophotometer (Bio-Tek, USA). 
This experiment was repeated twice.

Quantitative real-time PCR (RT-PCR). Total RNA extraction 
was performed using TRIzol reagent (Life Technologies, 
Carlsbad, CA, USA) according to the manufacturer's instruc-
tions. Real-time qPCR was used to confirm the expression 
levels of mRNAs. cDNA was produced according to the 
protocol for PrimeScript™ RT reagent (Takara, Japan). The 
expression levels of miRNAs were analyzed using TaqMan 
MicroRNA Assay kits (Applied Biosystems, Foster City, CA, 
USA). Data analysis was performed using the 2-∆∆Ct method. 
All experiments were performed in triplicate.

Tube formation assay. For the capillary tube formation assay, 
Matrigel (Becton Dickinson, USA) was dissolved at 4˚C 
overnight, and each well of prechilled 96-well plates was 
coated with 100 µl Matrigel and incubated at 37˚C for 45 min. 
HUVECs were transferred to the 96-well plates with the 
different conditioned medium at the density of 1x104/well for 
12 h in a humidified 5% CO2 atmosphere. Capillary-like struc-
tures of HUVECs were photographed and the light micrograph 
images were stored in a computer. Tubular structures were 
quantified by manual counting at x100 magnification.

Western blot analysis. Cells were washed three times with 
ice-cold PBS and lysed in NP-40 lysis buffer [20 mmol/l 

Tris-HCl (pH 7.4), 100 mmol/l NaCl, 1% NP-40, 0.5% sodium 
deoxycholate, 5 mmol/l MgCl2, 0.1 mmol/l phenylmethylsul-
fonyl fluoride and 10 mg/ml of protease inhibitor mixture]. 
Protein was extracted using Mammalian Protein Extraction 
reagent and its concentration was determined by BCA assay 
(both from Pierce Inc., Rockford, IL, USA). Total proteins 
(20-40 µg) from each sample were electrophoresed on 8% 
SDS-PAGE gel, and transferred to a nitrocellulose membrane. 
The membranes were blocked in 5% nonfat milk and probed 
with the primary antibodies as indicated overnight at 4˚C, and 
then with the respective secondary antibodies. Band signals 
were visualized using an enhanced chemiluminescence kit 
(Pierce, Minneapolis, MN, USA). The same membrane was 
reprobed with the anti-β-actin antibody, which was used as the 
internal control.

In vivo tumorigenesis. In vivo experiments were conducted 
as described previously (16). Briefly, we used male athymic 
BALB/c nu/nu mice (4-6 weeks old) that were maintained in 
standard mice plexiglass cages in a room maintained at constant 
temperature and humidity under a 12 h light and darkness 
cycle. A total of 1x107 logarithmically growing cells from the 
different groups: a) MCF-7 cells; b) MCF-7 cells transfected 
with the negative control; c) MCF-7 cells transfected with the 
miR-497 mimics were injected subcutaneously into the mid-
abdominal area, respectively. After 40 days of observation, the 
mice were sacrificed and tumors were surgically excised neatly 
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and weighed. One part of the tissue was fixed in formalin and 
another part was frozen in liquid nitrogen.

Immunohistochemical and microvessel density (MVD) evalu-
ation. Xenograft tumor samples were embedded in paraffin 
and fixed with paraformaldehyde. After being washed in 
PBS, the slides were blocked with protein block solution 
(DakoCytomation) to block endogenous peroxidase activity. 
Such samples were then incubated overnight with primary 
antibodies, involving appropriately diluted CD34, VEGF and 
HIF-1α. Normal host serum was used for negative controls, 
followed by staining with appropriate HRP-conjugated 
secondary antibodies. The peroxidase was visualized with 
3-3'-diaminobenzidinetetrahydrochloride solution and then 
counterstained with a weak hematoxylin solution stain. The 
stained slides were dehydrated and visualized on an Olympus 
microscope (Olympus, Japan). The stained sections were 
counted in the five areas of highest vascular density at x400 
magnification, and the MVD was expressed as the mean 
number of vessels in these areas.

Statistical analysis. Data are represented as mean ± SD for 
the absolute values or percentage of the control. Statistical 
differences were evaluated by one-way analysis of variance 
(ANOVA) followed by LSD multiple comparison tests using 
SPSS software (version 17.0; SPSS, Inc.). A value of P<0.05 
was considered statistically significant.

Results

Analysis of miR-497 in breast cancer cell lines and clinical 
specimens. We examined the relative expression levels of 
miR-497 in several breast cancer cell lines, namely T-74D, 
MCF-7, MDA-MB-453, MDA-MB-468 and MDA-MB-435, 
along with MCF-10A, a non-malignant breast epithelial 
cell line, by RT-PCR. In all five breast cancer cell lines, the 
expression level of miR-497 was found lower than that in the 
MCF-10A cells (Fig. 1A). Since expression of miR-497 in the 
MCF-7 cells was much lower than the other four breast cancer 

cell lines, this cell line was used in the subsequent experi-
ments. Next, we measured the miR-497 expression levels in 
45 pairs of ductal breast cancer tissues and the corresponding 
adjacent non-cancerous tissues. Consistently, miR-497 was 
also downregulated in the breast cancer tissues in comparison 
with the level in the normal breast tissues (Fig. 1B). These 
results indicated that miR-497 expression was significantly 
suppressed in the breast cancer cell lines and tissue specimens.

Hypoxia inhibits the expression of miR-497 in MCF-7 cells. 
First, the miR-497 expression in the MCF-7 cells was deter-
mined following transfection with miR-497 mimics, inhibitor 
or the negative control for 48 h by RT-PCR. Transfection 
with the miR-497 mimics resulted in a significant increase 
in its expression. Moreover, the miR-497 level was markedly 
decreased after the MCF-7 cells were transfected with the 
miR-497 inhibitor (P<0.05) (Fig. 2A). Afterwards, detection 
of miR-497 in the MCF-7 cells was performed by RT-PCR 
under normoxic and hypoxic conditions. It was found that 
the expression of miR-497 was significantly decreased under 
hypoxic conditions. In addition, the expression of miR-497 was 
increased after the MCF-7 cells were restored to a normoxic 
condition for 24 h (Fig. 2B).

Effects of conditioned medium on HUVEC proliferation and 
tube formation. Secondly, the effects of conditioned medium 
on HUVEC proliferation was evaluated. As shown in Fig. 3A, 
the CCK-8 assay indicated that after being cultured in the 
conditioned medium from the miR-497 mimics group, the 
proliferation of HUVECs was relatively inhibited compared 
with that of the NC group (P<0.05). However, in comparison 
with the NC group, the miR-497 inhibitor increased the 
growth rate of HUVECs (P<0.05). In order to explore the 
effect of miR-497 on the capillary-like structure formation 
of HUVECs, an in vitro capillary tube formation assay was 
performed using the MCF-7 cell line. It was observed that 
the conditioned medium from the miR-497 mimics group 
displayed strong ability to inhibit the formation of capillary-
like structures when compared to the NC group (Fig. 3B), 

Figure 1. Reduced expression of miR-497 in breast cancer cells and tissues. (A) The expression of miR-497 was downregulated in five human breast cancer cell 
lines compared to its level in non-malignant breast epithelial cell line MCF-10A. (B) Relative miR-497 expression was downregulated in breast cancer tissues 
compared with the level in matched adjacent non-cancerous breast tissues. *P<0.05 vs. MCF-7 cell group, #P<0.05 vs. non-cancerous tissue group.



WU et al:  miR-497 SUPPRESSES ANGIOGENESIS IN BREAST CARCINOMA BY TARGETING HIF-1α 1699

while the anti-miR-497 conditioned medium resulted in 
significant promotion of tubule formation of HUVECs on 
Matrigel (Fig. 3C).

VEGF is the direct target of miR-497 and inhibits angiogen-
esis. To unveil the underlying mechanism of the disrupted 
angiogenesis mediated by miR-497, the expression of VEGF 
in MCF-7 cells was measured by western blot analysis. 
The result indicated that the overexpression of miR-497 
reduced the protein level of VEGF while the suppression of 
miR-497 revealed an opposite result under normoxic condi-
tions (Fig. 4A). Next, the relationship between miR-497 and 

VEGF in conditions of normoxia or hypoxia was elucidated. 
As shown in Fig. 4B, in comparison with normoxia, hypoxia 
upregulated the expression of VEGF in the MCF-7 cells. 
Moreover, the VEGF expression was significantly decreased 
after the MCF-7 cells were restored to a normoxic condition. 
In addition, the MCF-7 cells were transfected with miR-497 
mimics or anti-miR-497. The results revealed that VEGF 
secretion in the cell culture medium was markedly decreased 
in the MCF-7 cells that were transfected with the miR-497 
mimics in a hypoxia condition (Fig. 4C). To further investigate 
the underlying mechanism, the expression of the transcription 
factor HIF-1α, which is responsible for VEGF regulation, in 

Figure 2. (A) The level of miR-497 in the NC group was lower than that in the miR-497 mimics group and higher than that in the miR-497 inhibitor group. 
(B) The expression of miR-497 in MCF-7 cells was detected by RT-PCR under normoxic and hypoxic conditions. *P<0.05 vs. NC group, #P<0.05 vs. hypoxic 
group.

Figure 3. miR-497 exerts anti-proliferative and anti-angiogenic activity in vitro. (A) The proliferation of HUVECs by the conditioned media from the miR-497 
mimics group was significantly inhibited compared with the NC group. (B) Assays of the capillary-like structure formation of HUVECs were performed by 
using conditioned media from the MCF-7 cells treated with miR-497 mimics, NC or anti-miR-497. (C) The relative images of endothelial tubule formation on 
Matrigel are shown at x400 magnification. *P<0.05 vs. the NC group.
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MCF-7 cells was examined through western blot analysis. 
Fig. 4 shows that the expression of HIF-1α was decreased in 
the MCF-7 cells after being transfected with the miR-497 
mimics, correlating with decreased VEGF production.

miR-497 inhibits tumor growth in nude mice. To confirm the 
anti-tumorigenic effect of miR-497 in vivo, a xenograft model 
was performed to compare the tumorigenesis of MCF-7 cells 
before and after miR-497 transfection. Subcutaneous tumor 
nodes of different groups became palpable after 15 days of 
transplantation. The antitumor efficacy of miR-497 was 
determined by considering mean tumor weight immediately 
following euthanization. The final tumor weight showed 
a significant decrease in the MCF-7/miR-497 mimics 
group compared with MCF-7 or with MCF-7/NC groups 
(P<0.05) (Fig. 5A). The tumor weight in the MCF-7/NC group 

was not significantly different than that in the MCF-7 group 
(P=0.723) (Fig. 5B).

Tumor immunohistochemistry in vivo. As shown in Fig. 6, 
MCF-7 cells transfected with miR-497 mimics resulted in a 
marked reduction in vascularization microscopically compared 
with the negative control. In addition, comparatively, the micro-
vascular density (MVD) was noticeably reduced in the MCF-7/
miR-497 mimics group. Subsequently, the expression of VEGF 
and HIF-1α in the tumor tissues of all the three groups was 
examined by immunohistochemistry. Expression levels of 
VEGF and HIF-1α were significantly downregulated in the 
tumor tissues of the MCF-7/miR-497 mimics group compared 
with these levels in the MCF-7 and MCF-7/NC groups, 
suggesting that miR-497 was directly involved in the inhibition 
of angiogenesis as well as tumor growth in nude mice.

Figure 4. (A) Expression of VEGF and HIF-1α were assessed by western blot analysis in the MCF-7 cells after transfection with miR497 mimics or anti-miR-497 
under a normoxic condition. (B) The protein levels of VEGF and HIF-1α in the MCF-7 cells under normoxia or hypoxia or restored to normoxia were detected 
by western blot analysis. (C) MCF-7 cells were transfected with miR-497 mimics or negative control under normoxic or hypoxic conditions.

Figure 5. Effect of miR-497 on the in vivo growth of tumor xenografts. (A) Necropsy images of mouse tumors showing the therapeutic benefits of miR-497. 
(B) The mean weight of each tumor group. *P<0.05 vs. the MCF-7/NC group or the MCF-7 group.
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Discussion

Solid tumors, such as breast carcinoma, are characterized 
by their heterogeneous nature, metastatic potential, regions 
of necrotic core and abnormal vasculature. Conventional 
treatments include surgery, immunization therapy and 
chemotherapy. Nevertheless, some patients who undergo 
chemotherapy experience early recurrence or metastasis, 
leading to poor prognosis (4,5,17). The identification of new 
therapeutic targets for breast cancer treatment has become an 
intensive issue worldwide.

Over the past decades, research on the roles of miRNAs in 
the development of malignant tumors have been a ‘hot’ research 
topic. miRNAs are crucial players in many pathophysiological 
processes owing to their promising potential of being novel 
diagnostic and predictive markers for therapy. Currently, our 
insight into their roles in the development of solid tumors 
are rapidly accelerating (18). The majority of known and 
characterized miRNAs may function as tumor suppressors or 
oncogenes according to the cell type and tissue (19). Previous 
research demonstrated the tumor-suppressive role of miR-497 
in several cancer types, including breast carcinoma (12-15). 
In the present study, our RT-PCR results indicated that the 
expression level of miR-497 in breast cancer tissues was mark-
edly lower than that in corresponding adjacent non-cancerous 
tissues, which is consistent with a previous study (13). 
Moreover, our results showed that the miR-497 expression 
was also generally suppressed in all five breast cancer cell 
lines, in contrast to MCF-10A, which is a non-malignant 
breast epithelial cell line. Thus, we hypothesized that miR-497 
may act as a valuable tumor suppressor in breast cancer and 

its functional mechanism warrants further investigation to 
support its significance. Accumulating evidence indicates that 
miR-497 induces apoptosis as well as regulates cell growth 
and invasion in breast cancer cells (13,20). Yet, the potential 
role of miR-497 in angiogenesis remains unclear.

Recently, increasing evidence shows that angiogenesis 
is essential for the growth of solid tumors and research on 
tumor angiogenesis has become one of the most active fields 
in tumor treatment (21). Therefore, identifying anti-angiogenic 
targets is considered effective in tumor treatment. A recent 
study demonstrated angiogenesis-related markers in breast 
cancer (22). In the present study, we used the breast cancer cell 
line MCF-7 transfected with the miR-497 mimics to further 
investigate the effect of miR-497 on breast cancer-associated 
angiogenesis. Since it is well recognized that the process of 
tumor-derived angiogenesis is regulated by pro-angiogenic 
and anti-angiogenic factors that are secreted by tumor cells, 
we used the conditioned medium obtained from MCF-7 
cells to eliminate the potential direct interaction between 
MCF-7 cells and HUVECs. Our results showed that the over-
expression of miR-497 inhibited the in vitro proliferation of 
HUVECs and restrained angiogenesis in breast cancer cells 
by applying HUVECs. Hypoxia is considered an important 
factor in promoting angiogenesis, mainly by regulating pro-
angiogenic and anti-angiogenic factors, such as VEGF (23). A 
previous study suggested that miR-210, as a hypoxia-inducible 
miRNA, augments the metastatic potential of liver cancer 
cells (24). Therefore, to validate the hypothesis that miR-497 
can be induced by hypoxia, our results showed that the expres-
sion of miR-497 was significantly decreased under hypoxia. 
Additionally, as soon as the normoxic condition was restored, 

Figure 6. Immunohistochemistry for CD34, VEGF and HIF-1α in the tumor tissue sections (original magnification, x400). Immunoreactivity towards all 
proteins were reduced in the MCF-7/miR-497 mimics group relative to their expression levels in the MCF-7/NC group or MCF-7 group.
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the level of miR-497 was immediately increased. Thus, the data 
suggested that hypoxia can reduce the expression of miR-497. 
To date, this is the first study to illuminate the dynamic change 
of miR-497 under normoxic and hypoxic conditions.

Furthermore, during the investigation of the mechanism 
of miR-497 in breast cancer cell progression, it was found 
that the overexpression of miR-497 reduced the protein level 
of VEGF while suppression of miR-497 revealed an opposite 
result, and the expression of VEGF in the cell culture medium 
decreased markedly in the MCF-7 cells transfected with the 
miR-497 mimics, even under a hypoxia condition. In addition, 
our in vivo data disclosed that xenograft tumor tissues from 
the MCF-7/miR-497 mimics group displayed lower expression 
of CD34 and VEGF than the MCF-7 and MCF-7/NC groups. 
Previous research has demonstrated that the VEGF gene 
regulated by hypoxia is under the control of the transcription 
factor HIF-1, which consists of the hypoxic response factor 
HIF-1α and the constitutively expressed aryl hydrocarbon 
receptor nuclear translocator HIF-1β/ARNT (25). Through 
the siRNA approach, the present study demonstrated that the 
overexpression of miR-497 inhibited the expression of HIF-1α, 
corresponding to changes in the expression of VEGF in vitro 
and in vivo. These results indicated that miR-497 exerts an 
anti-angiogenic effect by downregulating VEGF and HIF-1α 
in breast cancer cells. Such data are consistent with those in 
the literature (13,25).

In conclusion, our present findings are consistent with 
the hypothesis that miR-497 as a hypoxia-inducible miRNA, 
suppresses the angiogenesis of breast cancer cells in vitro 
as well as in vivo by inhibiting the expression of VEGF and 
HIF-1α. These findings suggest that hypoxia-related markers 
in breast cancer cells and the hypoxia/miR-497/HIF-1α 
pathway may serve as a promising strategy for the treatment 
of breast cancer.
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