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Abstract 

Breast cancer (BC) is the most common cause of death in women throughout the world. Although 
microRNAs (miRNAs) have been identified as novel regulators in carcinogenesis, there are still 
abundant hidden treasure needed to be excavated. In the present study, we found that miR-519d 
expression was remarkably decreased in both human BC tissues and MCF-7 cells. CCK8 and 
5-Ethynyl-2′-deoxyuridine (EdU) assays were used to evaluate cell proliferation. Wound-healing and 
transwell assays were performed for detection of cell migration and invasion. The results 
demonstrated miR-519d overexpression dramatically suppressed MCF-7 cells proliferation, 
migration and invasion. While downregulation of miR-519d by miR-519d inhibitor substantially 
increased MCF-7 cell carcinogenesis. Further analysis identified Matrix Metalloproteinase-3 (MMP3) 
as a direct target of miR-519d. QRT-PCR and western blot results indicated the correlative 
expression of miR-519d and MMP3 in BC tissues and MCF-7 cells. In summary, our data uncovered 
the novel molecular interaction between miR-519d and MMP3, indicating a therapeutic strategy of 
miR-519d for BC. 
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Introduction 
Breast cancer (BC) is the most common cause of 

cancer death in women. The incidence of breast cancer 
worldwide has been increasing in a stable rate since 
1987 [1]. It has been reported that 1 in 8 women in her 
life might suffer from BC in America [2]. Recent 
studies have focused on identifying epigenetic 
signatures that are associated with tumor progression 
and patient prognosis to improve therapy and 
recovery [3-5]. Although some tumor suppressors and 
oncogenes have been identified to play central roles in 
tumorigenesis and development of BC [6-8], the exact 
molecular mechanisms have not been totally 
elucidated.  

MicroRNAs (miRNAs) are endogenous 
noncoding RNAs with 19–22 nucleotides in length 

that modulate variety of ceEllular processes in a 
post-transcriptional manner, which emerging as novel 
epigenetic regulators during gene expression [9]. 
MiRNAs are also associated with regulation of cell 
growth, division, apoptosis, and other physiological 
or pathological cellular processes within almost all 
cells to regulate different diseases [10, 11]. Many 
studies also revealed that miRNA expression 
signatures in tumor tissue or liquid biopsies enabled 
more accurate diagnosis and prognosis to be made in 
patients with cancer [12]. Moreover, miRNAs could 
even represent therapeutic targets in their own right 
[13, 14]. Among them, miR-519d was found highly 
associated with tumor progression [15], but its role in 
BC was not totally disclosed. 
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The role of matrix metalloproteinases (MMPs) in 
tumor metastasis has been well studied, they degrade 
the extracellular matrix (ECM), which is associated 
with tumor metastasis [16]. MMP3, a member of the 
family of MMPs, has been proved to promote tumor 
cell migration and invasion [17]. However, till now, 
few studies focus on the regulation of MMP3 by 
miRNAs in BC. In this study, we demonstrated that 
miR-519d play pivotal role in BC by targeting MMP3, 
which may provide a potential therapeutic targets for 
the treatment of BC. 

Materials and methods 
Patients and specimens 

From February 2017 to June 2017, 10 pairs of 
human breast cancer specimens (breast tumor and 
adjacent non-tumor tissues) were obtained from 
breast cancer patients who underwent surgery at the 
Second Affiliated Hospital of Harbin Medical 
University (Harbin, China), The research were 
approved by the Ethics and Scientific Committees of 
Harbin Medical University. We have obtained the 
written informed consents from all the enrolled 
patients.  

Cell culture 
MCF-7, a breast cancer cell line, was cultured at 

the temperature of 37 °C in 5% CO2, in a culture 
medium of Dulbecco’s modified eagle’s medium 
(DMEM) containing 10% fetal bovine serum (FBS). For 
transfection procedure, the MCF-7 cells were starved 
in serum-free DMEM for 24 h, then transiently 
transfected with MMP3 siRNA, siRNA negative 
control (si-NC, non-sense scramble sequence of 
MMP3 siRNA), miR-519d mimic, miR-519d inhibitor 
or negative control (NC, non-sense scramble sequence 
of miR-519d) (RiboBio Co., Ltd., Guangzhou, 
Guangdong, China) at a concentration of 100nM. 
X-treme RNA transfection reagent (Invitrogen., Ltd, 
America) was used as transfection vehicle. Cells were 
harvested 48 h after transfection. 

Quantitative real-time PCR (QRT-PCR) 
MiR-519d and MMP3 mRNA levels were 

determined by qRT-PCR. Total RNA from cells was 
extracted by TRIzol (Invitrogen, Carlsbad, USA) 
method. The SYBR Green Master Mix Kit (TOYOBO) 
was used for relative quantification of RNA levels 
according to manufacturer’s instructions. GAPDH 
and U6 were chosen as an internal control.  

miR-519d RT primer, 5′-GTCGTATCCAGTGCG 
TGTCGTGGAGTCGGCAATTGCACTGGATACGAC
CACTCT-3′; miR-519d forward primer, 5′-CAAAGT 
GCCTCCCTTT-3′; miR-519d reverse primer, 5′-CAG 
TGCGTGTCGTGGAGT-3′; U6 forward primer, 5′-GC 

TTCGGCAGCACATATACTAAAAT-3′; U6 reverse 
primer, 5′-CGCTTCACGAATTTGCGTGTCAT-3′. M-
MP3 forward primer, 5′-GAGGACACCAGCATGAA 
CCT-3′; MMP3 reverse primer, 5′-CACCTCCAGAGT 
GTCGGAGT-3′; GAPDH forward primer, 5′-AAGAA 
GGTGGTGAAGCAGGC-3′; GAPDH reverse primer, 
5′ -TCCACCACCCAGTTGCTGTA-3′. 

Western blotting 
Homogenized specimens or cells were lysed in 

300 ul of RIPA solution containing 1% protease 
inhibitor. Then centrifuging at 12000 g for 25 min. The 
protein concentration in the supernate was tested by 
BCA Protein Assay (Beyotime, Shanghai, China). 10% 
SDS-PAGE gel electrophoresis was used for 
fractionating total proteins, then the proteins were 
transferred onto nitrocellulose membranes. The 
membranes were blocked in the PBS solution 
containing 5% de-fatted milk for 2 h in room 
temperature following the incubation at 4℃ overnight 
with the primary antibodies of MMP3 (1:1000) 
(Abcam), cyclin D1 (1:1000) (Abcam), GAPDH 
(1:1000) (Wanleibio, Inc., Shenyang, China) was as an 
internal control. Matched secondary antibody 
(1:10000) (Invitrogen) was incubated for 1 h at room 
temperature. Protein expression was scanned and 
quantified by Odyssey Infrared Imaging System 
(LI-COR, Lincoln, NE, USA). 

Cell proliferation 
Cell Counting Kit-8 (CCK8) (Dojindo, Kumam-

oto, Japan) was used for detection of cell proliferation. 
MCF-7 cells were transfected with specific reagents 
for 24 h, then plated in a 96-well plate and cultivated 
for 24 h. After that, 10% CCK8 solution were added to 
the cell culture medium for a one-hour incubation till 
color change. OD value was determined by a 
microplate reader and proliferation rates were 
calculated. 

EdU assay kit 
MCF-7 cells were transfected as experiment 

design, then plated on sterile coverslips in 24-well 
plates. EdU kit (RiboBio) was used for detection of cell 
proliferation according to the manufacturer’s instruc-
tions. Laser confocal microscopy (FV300, Olympus, 
Japan) was used to acquire the images. Nuclei that 
double stained with EdU and 4',6-diamidino-2- 
phenylindole (DAPI) (Beyotime, Shanghai, China) 
were considered to be positively proliferative cells. 

Cell migration and Invasion 
For wound healing analysis, 24 h after the 

transfection, the cells were plated in 6-well plates. 24 h 
later, the adherent cells were wounded by a 10 μl 
plastic pipette tip. Then rinsing the scathing cells with 
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PBS and culturing with serum-free DMEM for 24 h. 
The wound closure in different groups was photogra-
phed and evaluated with the microscope. For 
transwell assay, 8-μm pore size chambers (Corning, 
NY, USA) with an insert coated Matrigel (BD 
Bioscience) were used. 24 h after the transfection, cells 
in serum-free DMEM were plated into the upper 
chamber, while 10% FBS DMEM was added into the 
lower chamber. After 24 h of incubation, the cells that 
invaded into the lower chamber through the 
membrane were fixed with 100% methanol for 15 
minutes, then stained with 0.1% crystal violet for 20 
minutes. Images of the cells were photographed with 
the microscope. 

Immunofluorescence staining 
For immunofluorescence staining, MCF-7 cells 

were fixed with 4% paraformaldehyde in PBS. Then 
incubating the cells with blocking solution (5% BSA 
and 0.1% Triton-X in PBS) for 2 h at room 
temperature, and subsequently blocked by 5% BSA 
dissolved in PBS for 2 h. Primary antibody against 
MMP3 (1:150) and cyclin D1 (1:150) were added 
overnight at 4 °C, followed by incubation with the 
matched secondary antibody (1:5000) (Invitrogen) for 
1 h at 37 °C temperature. The nuclei were stained by 
DAPI (1:100) for 20 min at room temperature. Then 
cells were examined and analyzed by laser confocal 
microscopy (FV300, Olympus, Japan). 

Statistical analysis  
Group data was analyzed as mean ± S.E.M. 

Significant difference was analyzed by Student’s t-test 
for two groups or one-way ANOVA accompanied by 
Bonferroni’s Multiple Comparison Test for more than 
two groups. P< 0.05 was considered to be significant. 

Data were analyzed by the GraphPad Prism 5.0 
software. 

Results 
MiR-519d is dysregulated in breast cancer 

To validate the regulatory miRNAs of MMP3 in 
BC, we used TargetScan and microRNA.org to predict 
the complementary binding miRNAs with 3’UTR of 
MMP3. MiR-365, miR-106, miR-93, miR-20a, miR-20b, 
and miR-519d were tested in tumor and adjacent 
non-tumor tissues of BC patients by qRT-PCR. The 
results showed that miR-519d was the most 
downregulated one in BC tumor tissues compared to 
its relative control (Fig. 1A). We then tested the 
expression level of miR-519d in several breast cancer 
cell lines (MCF-7, SK-BR3, MDA-MB-468, 
MDA-MB-231). Compared with human mammary 
epithelial cells (MCF-10A), MCF-7 cells had a most 
significant downregulation of miR-519d (Fig. 1B) .  

MMP3 acts as a downstream target of 
miR-519d 

Luciferase assay was used to identify the 
inhibitory effect of miR-519d on MMP3 (Fig. 2A and 
B). The results demonstrated that miR-519d 
dramatically inhibited the luciferase activity of the 
constructed plasmid containing wild-type (WT) 
3’UTR of MMP3, but not that of the mutant (Mut) 3’ 
UTR (Fig. 2C and D). Subsequently, we found that 
MMP3 mRNA markedly overexpressed in tumor 
tissues compared to their matched non-tumor tissues 
(Fig. 2E). Moreover, MMP3 mRNA level was 
remarkable increased in MCF-7 cells (Supplementary 
Fig. 1). These data suggested that miR-519d was 
complementary base-pairing with 3’UTR of MMP3 
and strongly inhibited its expression.  

 

 
Figure 1. MiR-519d is dysregulated in breast cancer A. Expression levels of miR-365, miR-106, miR-93, miR-20a, miR-20b and miR-519d in 10 pairs of breast 
cancer and adjacent breast tissue specimens determined by qRT-PCR. *p< 0.05, **p< 0.01, ***p< 0.001 vs. Control. B. MiR-519d expression levels in MDA-MB-231, 
MDA-MB-468, SK-BR3, MCF-7 and MCF-10A cell lines, determined by qRT-PCR. The data are presented as mean ± SEM of three independent experiments. *p< 0.05, 
**p< 0.01 vs. MCF-10A. 
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Figure 2. MMP3 acts as a downstream target of miR-519dA. Sequence complementarity between miR-519d and MMP3 3’UTR in human. B. Luciferase 
reporter constructs containing 3’UTR of MMP3 or mutated 3’UTR of MMP3. (C and D). Luciferase reporter assay showed that transfected miR-519d could reduce 
the luciferase activity in wild-type (wt) of MMP3 but not in mutant (mut) 3’UTR of MMP3. **p<0.01, ##p< 0.01 vs. miR-519d. E. MMP3 expression levels in 15 paired 
breast cancer and adjacent breast tissue specimens determined by qRT-PCR. n=3 batches of cells. The data are presented as mean ± SEM. **p<0.01 vs. Control. 

 

Overexpression of miR-519d inhibits MCF-7 
cell viability or proliferation 

To explore the functional role of miR-519d in BC, 
we transfected miR-519d mimic for miR-519d 
overexpression, as well as miR-519d inhibitor for its 
suppression (Fig. 3A). CCK8 assay was used for 
measurement of cell viability. The results 
demonstrated that miR-519d overexpression 
remarkably inhibited MCF-7 cell viability, while 
miR-519d knockdown increased cell viability (Fig. 
3B). Besides, EdU assay was performed to evaluate 
MCF-7 cell proliferation. As shown in figure 3C and 
3D, less proliferation rate of MCF-7 cells were 
observed when treated with miR-519d mimic 
compared with the NC group, whereas a sharply 
increase was seen after transfection with miR-519d 
inhibitor. Consistent with Edu results, immunofluore-
scence analysis showed that miR-519d overexpression 
significantly decreased Ki67 expression in MCF-7 
cells, while miR-519d inhibitor had a reverse effect 
(Supplementary Fig. 2). Furthermore, cell cycle 
analysis showed that miR-519d mimic decreased the 

percentage of MCF-7 cells in the S phase, miR-519d 
inhibitor increased the S phase (Supplementary Fig. 
3). Cyclin D1 examination further demonstrated the 
cell cycle arrest by miR-519d mimic (Supplementary 
Fig. 4). These data revealed that miR-519d played a 
inhibitory role for BC proliferation.  

Inhibition of miR-519d promotes MCF-7 cell 
metastasis 

Next, we detected the effects of miR-519d on 
migration capacities of MCF-7 cells. Transwell assay 
results demonstrated that the number of migratory 
cells were significantly reduced after miR-519d 
overexpression while increased after miR-519d 
downregulation (Figure 4A and 4C). In addition, the 
wound-healing assay showed that cells transfected 
with miR-519d mimic underwent a slower closing of 
scratch wounds compared with the NC group, but 
miR-519d inhibitor transfection accelerated the 
scratch closing (Figure 4B and 4D). Taken together, 
these results suggested that miR-519d inhibitor might 
act as a tumor suppressing tool through inhibiting cell 
proliferation, migration and invasion in BC. 
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Figure 3. Overexpression of miR-519d inhibits MCF-7 cell viability or proliferation A. MiR-519d expression levels after miR-519d mimic and inhibitor 
transfection in MCF-7 cells. B. MCF-7 cells viability were detected by CCK8 assay. C. The Edu positive cells were counted. D. The proliferation of MCF-7 cells was 
determined by EdU kit, assessed by fluorescence microscopy (200×). Representative images of Edu staining showing proliferation cells (stained in green). Nuclei 
were stained in blue with DAPI. Scale bar indicates 100 μm. The data are expressed as mean±SEM of three independent experiments. *p < 0.05, **p < 0.01, 
***p<0.001 vs. NC.  

 

MMP3 is responsible for the pivotal role of 
miR-519d in MCF-7 cells 

To further demonstrate whether MMP3 is the 
downstream regulatory target of miR-519d, we used 
qRT-PCR, WB and immunofluorescence staining to 
monitor the expression levels of MMP3 in MCF-7 
cells. The results showed that the mRNA and protein 
levels of MMP3 were significantly decreased after 
miR-519d overexpression. On the contrary, inhibition 
of miR-519d increased MMP3 expression (Figure 5A, 
B and C). These data indicated that MMP3 was a 
direct target of miR-519d, and acted as an executor 
molecule for the carcinogenic effects of miR-519d in 
BC.  

MMP3 siRNA has a synergistic effect with 
miR-519d mimic in MCF-7 cells 

We further examined MCF-7 cell progression 
after inhibition of MMP3. The results showed that 
MMP3 siRNA remarkably inhibited its mRNA and 

protein expression. Co-transfection of MMP3 siRNA 
and miR-519d enhanced the inhibitory effect on 
MMP3, while miR-519d inhibitor reversed the MMP3 
downregulation by siRNA (Figure 6A and B). CCK8 
analysis (Figure 6C) and Ki67 staining (Supplem-
entary Fig. 5) revealed that MMP3 inhibition resulted 
in a significant decrease in MCF-7 cell proliferation. 
MiR-519d mimic promoted the inhibitory effect of 
MMP3 siRNA. However, miR-519d inhibitor 
neutralized its promotion. Moreover, cyclin D1 
detection (Supplementary Fig. 6) demonstrated the 
synergistic inhibitory effect of MMP3 siRNA and 
miR-519d mimic on MCF-7 cell proliferation. We 
further detected the cell metastasis by transwell 
healing (Figure 7A and C) and wound assays (Figure 
7B and D). The results demonstrated a more severe 
inhibitory effects of MMP3 siRNA and miR-519d 
mimic on MCF-7 cell metastasis, while miR-519d 
inhibitor reserved this promotion effect. 
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Figure 4. Inhibition of miR-519d promotes MCF-7 cell metastasis (A and C). The effects of miR-519d mimic and miR-519d inhibitor transfection on the 
invasion of MCF-7 cells were assessed by transwell assay. (B and D). Wound healing assay showed that miR-519d overexpression resulted in a slower closing of 
scratch wounds, miR-519d inhibition caused a faster closing of scratch wounds. The data are expressed as mean±SEM of three independent experiments. ***p<0.001 
vs. NC.  

 

Discussion 
Breast cancer is a clinically challenging issue that 

characterized by complicated variations in the 
genome and related signaling pathways [18]. To date, 
changes in epigenetic modification in cancer related 
genes have been the major focus. Consistently, our 
data suggested miR-519d was remarkably 
downregulated in breast cancer. Overexpression of 
miR-519d markedly suppressed the proliferation and 
metastasis capacities of MCF-7 cells, while miR-519d 
downregulation had the inverted effects. Moreover, 
we unraveled a novel regulatory mechanism of 
miR-519d and MMP3. These finding revealed that 
miR-519d might function as a tumor suppressor by 
directly targeting MMP3 in breast cancer.  

Matrix metalloproteinases (MMPs) are 
zinc-dependent endopeptidases that form a family of 
24 members in mammals [19]. They facilitate cancer 
invasion and metastasis primarily by degradation of 
the extracellular matrix (ECM) surrounding tumor 
cells [20]. Evidence of the pathological roles of MMPs 
in various diseases, combined with their druggability, 
has made them attractive therapeutic targets [21]. 
Initial drug discovery efforts focused on the roles of 
MMPs in cancer progression, and inflammatory 

processes [22, 23]. Among them, MMP3 was identified 
as stromelysin. It can degrade numerous ECM 
substrates, including collagens III, IV, V, IX, X, and XI, 
laminins, elastin, entactin, fibronectin, fibrin, fibrillins 
[24]. The promotion effects of MMP3 on tumor 
invasive properties have been clearly uncovered [25]. 
Overexpressed MMP3 had been shown to drive the 
formation of mammary tumors in mice [26]. The 
hemopexin domain of MMP3 was responsible for 
mammary epithelial invasion [27]. In addition, MMP3 
expression levels had been reported to be upregulated 
in BC cells and were associated with BC risk and 
survival [28]. In line with these published studies, we 
showed that MMP3 levels had a great increase in BC 
tumor samples compared with adjacent non-tumor 
samples. Moreover, inhibition of MMP3 by MMP3 
siRNA remarkably decreased MCF-7 cell progression. 
Despite promising preclinical data supporting the 
blockade of matrix metalloproteinases (MMPs) as a 
treatment for cancer more than 10 years ago, all Phase 
III cancer trials failed owing to several reasons. 
Unwanted side effects and poor knowledge on the 
complexity of MMP function were the primary 
reasons [29]. Thereby, more studies of pharmaco-
logical mechanisms for MMPs were desiderated. 
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Figure 5. MiR-519d negatively regulates MMP3 expression A. QRT-PCR analysis of MMP3 mRNA levels after miR-519d mimic and inhibitor transfection. B. 
Western blot analysis of MMP3 protein levels. C.The fluorescence intensity of MMP3 were counted. D. Representative images of immunofluorescence staining for 
MMP3 (green) in MCF-7 cells. The nuclei were stained in blue with DAPI. Scale bar indicates 100 μm. The data are expressed as mean±SEM of three independent 
experiments. **p < 0.01 ***p<0.001 vs. NC.  

 

 
Figure 6. MiR-519d inhibits MCF-7 cell proliferation by directly targeting MMP3 MiR-519d (A), MMP3 mRNA (B) levels after si-MMP3, si-MMP3 with 
miR-519d mimic and inhibitor transfection in MCF-7 cells. C. Western blot analysis of MMP3 protein levels. D. MCF-7 cells viability were detected by CCK8 assay. 
The data are expressed as mean±SEM of three independent experiments. *p < 0.05, **p < 0.01, ***p<0.001 vs. si-MMP3. 
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Figure 7. MiR-519d inhibits MCF-7 cell migration and invasion by directly targeting MMP3 (A and C). The effects of si-MMP3, si-MMP3 with miR-519d 
mimic and inhibitor transfection on the invasion of MCF-7 cells were assessed by transwell assay. (B and D). Wound healing assay showed that silence the MMP3 
resulted in a slower closing of scratch wounds, si-MMP3 with miR-519d inhibition caused a faster closing of scratch wounds. The data are expressed as mean±SEM of 
three independent experiments. *p < 0.05, ***p<0.001 vs. si-MMP3. 

 
Plenty of studies have confirmed that miRNA 

dysregulation is causal in many cancers, with 
miRNAs acting as tumor suppressors or oncogenes, 
and miRNA mimics and inhibitors have shown 
promise in preclinical studies [30]. MiR-519d was 
identified as an important tumor related gene. But the 
regulatory role of miR-519d in diverse cancers was 
controversial. Hou et al. reported that miR-519d 
suppressed hepatocellular carcinoma (HCC) growth 
by targeting MKi67 [31]. On the contrary, Fornari el al. 
suggested miR-519d as an oncogenic gene [32]. In 
addition, the regulatory roles of miR-519d in gastric 
cancer [33], nasopharyngeal carcinoma [34], and 
cervical cancer [35] were also proved. There are some 
studies reporting the interactions between miR-519d 
and MMPs. Tsai et al reported the inhibitory effects of 
miR-519d on MMP2 in human chondrosarcoma cells 
[36]. Ding et al demonstrated miR-519d suppressed 
invasion and migration of trophoblast cells via 
targeting MMP2 [37]. In our study, we firstly 
identified MMP3 as a direct target of miR-519d using 
luciferase report assay. MiR-519d mimic induced the 
downregulation of MMP3 expression. Additionally, 
our data showed that the number of migrated and 

invasive cells were remarkably increased when 
miR-519d was upregulated. Co-transfection of 
miR-519d mimic and MMP3 siRNA enhanced MCF-7 
cell proliferation and metastasis. While miR-519d 
inhibitor neutralized the cancer promotive effects of 
MMP3, which in reverse demonstrated the negatively 
regulatory effects of miR-519d on MMP3, as well as its 
effects on tumor cell progression. These data provided 
an evidence that the cell fate decision of miR-519d 
might depend upon its inhibitory effect of MMP3. 

Taken together, our results demonstrated that 
miR-519d is downregulated in breast cancer, 
overexpression of miR-519d remarkably inhibits 
MCF-7 cell progression by targeting MMP3. However, 
it is undeniable that the effect of miR-519d on breast 
cancer was mediated by a variety of mechanisms 
besides our discovery. Moreover, it is hardly to 
identify the leading regulatory pathway among them. 
In summary, the present study revealed a new 
mechanism underlying the anti-tumor effects of 
miR-519d, that might serve as potential therapeutics 
for BC treatment.  
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