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Abstract 

Angiogenesis in atherosclerotic plaque promotes plaque growth, causes plaque 

hemorrhage and violates plaque stability. LINC00657 is a long noncoding RNA 

highly conserved and abundantly expressed in vascular endothelial cells. The present 

study was designed to investigate the effects and mechanisms of LINC00675 on low 

concentration of oxidized low-density lipoprotein (oxLDL) induced angiogenesis. 

Cell proliferation assay, transwell assay, wound healing assay, and tube formation 

assay were conducted to detect the effects of low concentration of oxLDL on 

angiogenesis; The results discovered that oxLDL promoted the cell proliferation, 

migration, and tube formation. OxLDL also up-regulated LINC00657 expression. 

Inhibition of LINC00657 by siRNA significantly suppressed the oxLDL-induced 

endothelial cell proliferation, migration, and tube formation. Bioinformatic assay 

indicated six binding sites in LINC00657 sequence to miR-590-3p. The up-regulation 

of LINC00657 was related to the down-regulation of miR-590-3p in oxLDL-treated 

endothelial cells; while down-regulation of LINC00657 resulted in up-regulation of 

miR-590-3p. The anti-angiogenesis effects of si-LINC00657 were partly abrogated by 

miR-590-3p inhibitor. Further dual-luciferase assay found miR-590-3p inhibited the 

expression of HIF-1 by binding to the position of 689-696 in HIF-1 3’-UTR 

directly. MiR-590-3p also inhibited the oxLDL-induced up-regulation of HIF-1, 

VEGF, MMP-2, and MMP-9. These results suggested that in oxLDL treated 

endothelial cells, LINC00657 acted as a miR-590-3p sponge to attenuate the 

suppression of miR-590-3p on HIF-1, and to promote angiogenesis through VEGF, 
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MMP-2, and MMP-9. The present study provided a new insight into the roles of 

LINC00657 and miR-590-3p on preventing oxLDL-induced angiogenesis and may 

provide a novel strategy for atherosclerosis treatment.  
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1. Introduction 

Atherosclerosis is a basis for many cardiovascular and cerebral vascular diseases, 

such as coronary artery disease, heart infarction and ischemic stroke (Hellings et 

al.,2010). The instability and rupture of atherosclerotic plaque are main reasons for 

many critical cardiovascular and cerebral vascular events. Recently, studies have 

demonstrated that the neovascularization in atherosclerotic plaque promoted plaque 

growth, leukocyte exchange, caused plaque hemorrhage and violated plaque stability 

(Camaré et al.,2017; Parma et al.,2017). However, methods to prevent the 

neovascularization process in atherosclerotic plaque are still limited.  

In atherosclerotic lesions, local hypoxia happens commonly because of the 

thickening of the vessel wall, which blocked the oxygen exchange, and because of the 

increased oxygen consumption by high metabolic active cells such as macrophages 

(Bjornheden et al.,1999; Parathath et al.,2011). Hypoxia-inducible factor (HIF)-1 is 

a transcriptional factor activated in the atherosclerotic plaque to adapt to the hypoxic 

environment. HIF-1 activation subsequently promotes the production of vascular 

endothelial growth factor (VEGF), fibroblast growth factor, cytokines and 

angiopoietins (Hutter et al.,2013; Perrotta et al.,2015), which results in vascular 

inflammation and angiogenesis(Deng et al.,2016). Therefore, prevention of HIF-1 

might be an effective way to suppress neovascularization in atherosclerosis. Long 

non-coding RNAs (lncRNAs) are a group of non-coding RNAs with lengths >200nt, 

but without or with limited ability to encode proteins (International Human Genome 

Sequencing Consortium,2004). LINC00657 is a long intergenic non-coding RNA located 

in the chromosome 20q11.23, with the length of 5343bp (Liu et al.,2016). Studies 
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have shown that LINC00657 is a highly conserved and abundantly expressed lncRNA 

in endothelial cells (Michalik et al.,2014). The expression of LINC00657 was 

up-regulated after hypoxia (Michalik et al.,2014), which inspires us to presume that 

LINC0657 might participate in the neovascularization in atherosclerosis. 

MicroRNAs are another important group of non-coding RNAs with lengths of 

18-24nt. Our previous studies have demonstrated the important roles of microRNAs 

in atherosclerosis (Bao et al.,2016, 2016). MiR-590-3p is a microRNA located on the 

chromosome 7 q11.23. MiR-590-3p was demonstrated to be involved in cancers, lipid 

metabolism, inflammation, and cardiac regeneration (Eulalio et al.,2012; Ge and 

Gong,2017). However, whether or not miR-590-3p participates in angiogenesis 

remains unclear. The previous study indicated that low concentration of oxLDL 

promoted angiogenesis (Yu et al.,2011). Our pilot experiments found oxidized 

low-density lipoprotein (oxLDL) treatment inhibited the expression of miR-590-3p 

and increased the expression of LINC00657. Bioinformatics has shown that 

LINC00657 contains six binding sites for miR-590-3p, which intrigues us to assume 

that LINC00657 might act as a miR-590-3p sponge. The present study was performed 

to investigate the effects and mechanisms of LINC00657 and miR-590-3p on the 

angiogenesis in human umbilical vascular endothelial cells (HUVECs) induced by 

low concentration ox-LDL.  

2. Materials and Methods 

2.1 Materials 

    HUVEC cell line was provided by the American Type Culture Collection 
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(Manassas VA, USA); Dulbecco's modified Eagle's medium (DMEM) was obtained 

from Sigma (St. Louis, MO, USA); oxLDL was supplied by ThermoFisher Scientific 

(Grand Island, NY, USA); SYBR Green Premix DimerEraser kits, PrimeScript  RT 

reagent Kit with gDNA Eraser (perfect real time) kits were purchased from Takara 

(Dalian, China); the primers were provided by Shanghai Sangon Biological 

Engineering Co. Ltd (Shanghai, China); mouse monoclonal antibody to HIF-1 

(ab113642) was purchased from Abcam (MA, USA); rabbit monoclonal antibody to 

VEGFR2 (#9698) and to -actin (#8457) were purchased from Cell Signaling 

Technology (MA, USA); DAPI was obtained from Beyotime Institute of 

Biotechnology (Shanghai, China); Corning® Matrigel® Basement Membrane Matrix 

(catalog. 356234) was provided by Corning (NY, USA); si-LINC00657, si-NC, 

miR-590-3p mimics or inhibitor were obtained from RiboBio Co., Ltd (Guangzhou, 

China); Secrete-pair Dual Luminescence Assay Kit was provided by GeneCopoeia 

(Rockville, USA); pmir-REPORT luciferase vector (catalog. AM5795) was provided 

by ThermoFisher (MA, USA). The VEGF, MMP-2 and MMP-9 ELISA kit were 

purchased from Bosterbio Corp (Wuhan, China). 

2.2 Cell culture and transfection 

    HUVECs were cultured in DMEM (low glucose) with 10% FBS; the cultivation 

environment was the humidified atmosphere with 5% CO2 at 37 °C. The cells 

between passages 2 and 15 were used in this study. 

    For the transfection, lipofectamine 2000 was used to transfect miR-590-3p 

mimics, miR-590-3p inhibitor, si-LINC00657 and plasmids DNA. Briefly, the 
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lipofectamine 2000, plasmids DNA, miR-590-3p mimics, and miR-590-3p inhibitor 

were diluted in Opti-MEM I Medium respectively and incubated for 5 min. After the 

incubation, the diluted lipofectamine 2000 was blended with diluted plasmids DNA, 

miR-590-3p mimics, and miR-590-3p inhibitor, respectively, and then was incubated 

for another 20 min at room temperature. The transfection mixtures were then added to 

cells and incubated for 6 hours. After that, the medium was replaced by fresh normal 

growth medium. The siRNAs in the present study are, si-LINC00657: 5'-TAG CCC 

TTC TAG ATG GAA A-3'; and si-NC: 5'-GCG CGA TAG CGC GAA TAT A-3', as 

reported previously(Lee et al.,2016).  

2.3 Cell proliferation assay 

    For the cell proliferation assay, HUVECs were cultivated in a 96-well plate at a 

density of 5×103 cells per well. After treatment by different concentration of oxLDL 

(0, 5, 10, 50 μg/ml) for different time periods (0, 12, 24, 48h), the reagent MTS was 

added to each well according to the manufacturer's instructions. Cell proliferation was 

assessed by measuring the absorbance at 490nm using a plate reader. 

2.4 Wound healing assay 

   The effects of LINC00657 on HUVECs migration were assessed by wound 

healing assays. The HUVECs were cultured in 12-well plate at a density of 5×105 

cells/well. Cells were transfected with si-LINC00657 (1.2μg) alone or with 

miR-590-3p inhibitor (100nM) for 24 hours, and then a yellow pipette tip was used to 

scrape a wound gap. The cells were carefully washed with PBS and treated with 10 

μg/ml oxLDL for another 48 hours. Three randomly selected regions were recorded 
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using a microscope. The distance between cell boundaries was measured and the 

percentage of the wound gap that has been healed was calculated.  

2.5 Transwell assay 

    To further assess the effects of LINC00657 on endothelial cell migration, 

transwell assay was performed. HUVECs were transfected firstly with si-LINC00657 

(1.2μg) alone or with miR-590-3p inhibitor (100nM) for 24 hours as described in 

Section 2.2, and then were collected and added to the upper chamber of transwell in 

serum-free medium (4×104 endothelial cells per chamber). The lower chamber was 

filled with DMEM with 20% FBS. Then, oxLDL with the end concentration of 10 

μg/ml were added to the upper chamber, and the incubation of another 48 hours was 

performed. At the end of the incubation, cells were stained with DAPI and cells on the 

lower surface of the filter were photographed and counted under fluorescence 

microscope.  

2.6 Tube formation assay 

    The capability of HUVECs to form capillary tube-like structures was assessed by 

the matrigel-based tube formation assay as previously described(Gonzalez-King et 

al.,2017). Firstly, HUVECs were transfected with si-LINC00657 and miR-590-3p 

inhibitor (100nM) for 24 hours as described in section 2.2. Then, 50 μl of matrigel 

was added to a 96-well plate and solidified at 37 °C for 1 h. After that, the 

pre-transfected HUVECs were harvested and cultured on the matrigel-coated plate for 

another 24 hours, with or without oxLDL treatment. The tube formation effects were 

observed and photographed through the microscope. The tube-like structure length 
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was calculated.  

2.7 Real-time PCR for detection of LINC00657, miR-590-3p, HIF1, VEGF, 

MMP-2 and MMP-9 

As described previously (Bao et al.,2016), total RNA was extracted using TRIzol 

reagent (Invitrogen); then the total RNA was reversely transcripted to the 

complementary DNA using RT reagent Kit provided by Takara according to the 

manufacturer's instructions. Real-time PCR amplification reactions were conducted 

using the SYBR Premix DimerEraser™ (Perfect Real Time) assay kits, and the 

TL988-IV System (Tianlong, Xi'an, China). The real-time quantitative PCR program 

was an initial incubation at 95°C for 30 s, followed by 40 cycles of 95 °C 5 s, 60°C 30 

s. The PCR primers are described as following: LINC00657: Forward: 5'- TGA TAG 

GAT ACA TCT TGG ACA TGG A -3', Reverse: 5'- AAC CTA ATG AAC AAG TCC 

TGA CAT ACA-3'; HIF1: Forward: 5'-CGT CGC TTC GGC CAG TGT GT -3', 

Reverse: 5'-TCC AGA GGT GGG GGT GCG AG-3'; MMP-2: Forward: 5’-GTT TCC 

ATT CCG CTT CCA GG-3’, Reverse: 5’-TGC CCT TGA TGT CAT CCT GG-3’; 

MMP-9: Forward: 5’-GAC CTC AAG TGG CAC CAC CA-3’, Reverse: 5’-GTG 

GTA CTG CAC CAG GGC AA-3’; -actin: Forward: 5'-TGA CTG ACT ACC TCA 

TGA AGA T-3', Reverse: 5'-CAT GAT GGA GTT GAA GGT AGT T-3'. All samples 

were run in triplicate, and the results were analyzed using the 2(Ct) Method. For 

miR-590-3p, U6 was used as the internal reference, while for other genes, -actin was 

used.  

2.8 Western-blot assay for HIF-1 

HUVECs were cultured and transfected as described in Section 2.2. After 

transfection, cells were treated with oxLDL (10 μg/ml) for another 24 hours. After the 

treatment, the cells were collected and washed twice with PBS. The total proteins 
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were extracted by adding 50 µl RIPA lysis (with 1% PMSF and 10mM NaF) into the 

cells for 30min.  

For the Western-blot assay, the total proteins were separated by the SDS-PAGE 

and transferred to PVDF membranes. After that, the membranes were blocked with 4% 

non-fat milk for 1 hour and then incubated with diluted HIF-1 primary antibody for 

overnight at 4 °C. The membranes were afterward washed and incubated with 

1:10000 dilution of the second antibody for 1 h and were detected with the enhanced 

chemiluminescence system. Relative intensities were analyzed by Quantity OneR 

software.  

2.9 Enzyme-Linked Immunosorbent Assay (ELISA) detection of VEGF, MMP-2 

and MMP-9 levels 

HUVECs were cultured and transfected as described in Section 2.2. After 

transfection, cells were treated with oxLDL (10 μg/ml) for another 24 hours. After 

treatment, the culture supernatants were collected and the level of VEGF, MMP-2, 

and MMP-9 were measured by the ELISA assay kits, following the instructions of the 

manufacturer.  

2.10 HIF-1 3’-UTR (wild type and mutant) reporter plasmids construction, 

transfection and dual luciferase reporter analysis  

The PCR was performed using primers specific for the HIF-1 3'-UTR ( forward: 

5'-GCCG CTC GAG GCT TTT TCT TAA TTT CAT TCC TTT TTTT GG-3'; reverse: 

5'-GAA TGC GGC CGC GCC TGG TCC ACA GAA GAT GTT TAT TTG A-3'). The 

forward primers include a Xhol cutting site and the reverse primer contains a Notl 

cutting site. HUVEC cells genomic DNA was used as the template. The PCR products 

were digested with Xhol and Notl and cloned to pmir-REPORTTM luciferase vector 
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(Ambion). The mutation at the potential binding site of miR-590-3p was performed 

using the QuikChange® Site-Directed Mutagenesis Kit (Stratagene, USA). The 

predicted miR-590-3p binding sites (underline) were changed as follows: wild type, 

5’-UGGCAUUUAUUUGGAUAAAAUUC-3’; mutant type: 5’-UGGCAUUUAUUU 

GGAGACA CUCC-3’ 

For the transfection, HUVECs were cultured in a 24-well plate at the density of 

5×104 cells/well for 24 hours. 400ng of wild type, mutant or blank plasmid DNA were 

co-transfected with 100 nM miR-590-3p or NC mimics. Dual luciferase reporter 

analysis was performed at 48 hours post-transfection using the Luciferase Assay kit 

according to the manufacturer’s instructions (Promega).     

2.11 Statistical analysis 

 All the statistics of three independent experiments were presented in the form of 

mean ± S.D. The significance of the differences was analyzed by ANOVA followed 

by Newman-Student-Keuls test. A value of P<0.05 is considered statistically 

significant. 

3. Results 

3.1 Effects of ox-LDL on cell viability and LINC00657 expression  

LINC00657 was thought to be highly expressed in endothelial cells(Michalik et 

al.,2014). Our present study also found a high expression of LINC00657 in HUVECs 

(Figure 1A). After 24h treatment with different concentration of ox-LDL, the 

LINC00657 expression increased significantly (P<0.05 vs. control). Relatively low 

concentration of ox-LDL (5, 10 μg/ml) treatment promoted the proliferation of 

HUVECs during the culture period, while high concentration of ox-LDL (50 μg/ml) 
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inhibited the proliferation of HUVECs (Figure 1 B). 

3.2 Effects of LINC00657 on ox-LDL-induced angiogenesis 

In the present study, cell viability, wound healing, transwell, and tube formation 

assays were conducted to measure the function of LINC00657 on low concentration 

ox-LDL induced angiogenesis. As shown in Figure 1C, 24h and 48 h of ox-LDL 

(10μg/ml) treatment stimulated the growth of HUVECs significantly, and LINC00657 

inhibition by siRNA suppressed the cell growth induced by ox-LDL. Transwell assay 

found 48 h of ox-LDL treatment promoted the migration of HUVECs from the upper 

chamber to the lower chamber (about 2.5 folds of control), and si-LINC00657 

inhibited ox-LDL-induced cell migration (Figure 1 D, E). We also found ox-LDL 

facilitated the tube formation and wound healing of HUVECs, and si-LINC00657 

suppressed the alteration (Figure 1 F-I).  

3.3 Si-LINC00657 promoted the expression of miR-590-3p     

   To explore the mechanisms of LINC00657, we analyzed its sequence and found it 

contained six binding sites with miR-590-3p (Figure 2 A). Therefore, we have 

assessed whether LINC00657 acts as competitive endogenous RNA to miR-590-3p, 

and inhibits the expression of miR-590-3p. As shown in Figure 2 B, si-LINC00657 

significantly down-regulated the level of LINC00657 (32.9% of control group). The 

inhibition of LINC00657 resulted in a dramatical induction of miR-590-3p (4.5 folds 

of control, Figure 2 C). OxLDL (10 μg/ml) treatment for 24 hours promoted the 

expression of LINC00657, while down-regulated the expression of miR-590-3p 

(Figure 2 D).  
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3.4  Inhibition of miR-590-3p partly abrogated the effects of LINC00657 on 

ox-LDL induced angiogenesis 

   To verify whether the anti-angiogenesis effects of LINC00657 are mediated by 

miR-590-3p, we have detected the effects of miR-590-3p inhibitor on 

anti-angiogenesis of si-LINC00657. The inhibition of miR-590-3p by inhibitor 

abrogated the suppression of angiogenesis by si-LINC00657 in oxLDL treated 

HUVECs (Figure 3A). We also found si-LINC0657 suppressed the endothelial cells 

transwell migration, the tube formation, and wound healing. And all these effects 

were suppressed by a certain degree by miR-590-3p inhibition (Figure 3 B-G). These 

results indicate that the si-LINC00675 might play its role in angiogenesis through 

miR-590-3p.  

3.5 Target identification for miR-590-3p 

In order to figure out the mechanism for the effects of miR-590-3p, we predicted 

the targets for miR-590-3p by bioinformatics. As shown in Figure 4 B, miR-590-3p is 

predicted to bind to the position 689 to 696 of HIF-1 3’-UTR. To verify this 

prediction, a dual luciferase reporter assay was performed. The results showed that in 

HUVECs, miR-590-3p mimics significantly inhibited the luciferase activity, while 

miR-590-3p inhibitor promoted it (Figure 4A). The mutation of the binding position 

of HIF-1 eliminated the effects of miR-590-3p. In order to further verify the 

regulation of miR-590-3p to HIF-1, we tested the HIF-1 levels after miR-590-3p 

over-expression and inhibition. As shown in Figure 4 C-E, the over-expression of 

miR-590-3p in HUVECs inhibited the expression of HIF-1 both in mRNA and 
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protein level.  

3.6 Effects of miR-590-3p on HIF1, VEGF, MMP-2, MMP-9 expression 

HIF-1 is widely considered to be a transcriptional factor which regulates many 

angiogenesis-related genes, such as VEGF and MMPs. In the present study, qPCR, 

WB and ELISA were used to investigate the effects of miR-590-3p on HIF-1, VEGF, 

MMP-2 and MMP-9 mRNA and protein expression with and without oxLDL. As 

shown in Figure 4 F-I, miR-590-3p significantly suppressed both the mRNA and 

protein levels of HIF-1, VEGF, MMP-2 and MMP-9 in HUVECs. When the 

endothelial cells were treated with low concentration of oxLDL, the expression of 

HIF-1, VEGF, MMP-2, and MMP-9 increased. MiR-590-3p over-expression 

suppressed the oxLDL-induced increase of these factors.  

Discussion 

    Our present study found that low concentration of oxLDL promoted the 

proliferation, migration, and tube formation of HUVECs, as well as the expression of 

LINC00657. Inhibition of LINC00675 by siRNA suppressed the oxLDL induced 

angiogenesis and expression of miR-590-3p. Moreover, the effects of si-LINC00657 

were partly abrogated by the miR-590-3p inhibitor. Further studies found miR-590-3p 

inhibited the expression of HIF-1 by directly targeting the position of 689-696 in 

HIF-1 3’-UTR. The inhibition of HIF-1 subsequently decreased the production of 

VEGF, MMP-2, MMP-9, which may contribute to the angiogenesis caused by low 

concentration of oxLDL during atherosclerosis.  

    OxLDL has long been considered as a major risk factor for endothelial cell 
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dysfunction and death in atherosclerosis. However, studies also found low 

concentration of oxLDL promoted angiogenesis(Dandapat et al.,2007; Yu et al.,2011; 

Khaidakov et al.,2012). VEGF expression, redox-sensitive pathways, and nitric oxide 

synthesis were thought to be involved in the pro-angiogenesis effects of oxLDL 

(Dandapat et al.,2007; Yu et al.,2011; Khaidakov et al.,2012). Our present study 

verified that low concentration of oxLDL (5, 10μg/ml) promoted the growth of 

HUVECs. 10μg/ml oxLDL induced the transwell migration, tube formation and 

wound healing characteristics of endothelial cells. Besides, we furthermore found the 

low concentration of oxLDL (10 μg/ml) treatment increased the production of 

pro-angiogenesis factors, such as VEGF, MMP-2, and MMP-9. VEGF is a strong 

stimulator for both physiological and pathological angiogenesis(Ribatti et al.,2001). 

MMP-2 and MMP-9 are two most important members of MMPs family for 

extracellular matrix degradation, which facilitate the endothelial cell migration and 

angiogenesis(Liu et al.,2014) [25, 26]. We found in our study that low concentration 

of oxLDL increased the expression of VEGF, MMP-2, and MMP-9, consistent with 

previous reports(Dandapat et al.,2007; Tsai et al.,2016). These might partly explain 

the pro-angiogenesis effects of low concentration oxLDL on ECs.  

To explore the mechanisms of oxLDL-induced angiogenesis, we focused on one 

lncRNA, LINC00657. LINC00657, also called noncoding RNA activated by DNA 

damage (NORD), is a 5.3 kb intergenic long noncoding RNA broadly and abundantly 

expressed in human tissues, including endothelial cells(Michalik et al.,2014; Lee et 

al.,2016; Liu et al.,2016). The high expression of LINC00657 is related to the breast 
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cancer cell growth and proliferation(Liu et al.,2016). In endothelial cells, LINC00657 

is highly expressed in the cytoplasm (Michalik et al.,2014). Hypoxia (0.2% O2) 

induced the expression of LINC00657 to 2.5 folds compared with normoxia(Michalik 

et al.,2014). OxLDL is an oxidatively modified product of low-density lipoprotein. 

OxLDL results from oxidative burst during infection or other oxidative pathological 

processes. On the other hand, oxLDL also promotes oxidative stress, which is 

involved in the pathogenesis of atheroscleros4is (Ishigaki et al.,2009; Peluso et 

al.,2012). Since hypoxia and high level of oxLDL exist in the atherosclerotic lesion, 

we, therefore, presume that LINC00657 might participate in the pathogenesis of 

atherosclerosis. And oxLDL-induced oxidative stress may cause an altered expression 

of LINC00657. Our present study found a significant increase in LINC00657 

expression after oxLDL treatment. The inhibition of LINC00657 by siRNA 

suppressed oxLDL induced cell proliferation, migration, tube formation and wound 

healing ability. These results demonstrated that LINC00657 is involved in the 

pro-angiogenesis effects of oxLDL. But the details of the mechanism of how hypoxia 

or oxLDL promote the LINC00657 expression are still unclear.  

LncRNAs play their roles through many mechanisms including transcriptional 

and post-transcriptional regulation, sources of small RNAs, miRNA sponges, mRNA 

binders, and protein binders, etc.(Kornienko et al.,2013) The bioinformatic analysis 

found six binding sites on LINC00657 with miR-590-3p. LINC00657 is reported to 

exist in the cytoplasm (Michalik et al.,2014). We found that inhibition of LINC00657 

by siRNA promoted the expression of miR-590-3p, while the increase of LINC00657 
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in oxLDL treated endothelial cells was related to the decrease of miR-590-3p. Further 

research found miR-590-3p inhibitor abrogated the effects of si-LINC00657 on 

oxLDL induced angiogenesis. These results demonstrated that the LINC00657 might 

interact with miR-590-3p and interfere with the process of angiogenesis.  

MiR-590-3p is a microRNA located at the position of chromosome 7 q11.23. The 

functions of miR590 have been discovered in recent years. Both miR590-5p and 

miR-590-3p were found to participate in the carcinogenesis of different cancers, such 

as prostate cancer, liver cancer, lung cancer, etc.(Wang et al.,2016; Chen et al.,2017; 

Ge and Gong,2017). A most recent study found miR590-5p inhibited colorectal cancer 

angiogenesis through NF90/VEGFA signal(Zhou et al.,2016). However, the effects of 

miR-590-3p on angiogenesis are still unclear. Our study found a significant decrease 

of miR-590-3p in HUVECs after oxLDL treatment. Bioinformatics predicts 

miR-590-3p may bind to the position of 689-696 in HIF-1α 3’-UTR. Further dual 

luciferase reporter analysis and western-blot analysis verified the interaction between 

miR-590-3p and HIF-1.  

    HIF-1 is a transcriptional factor reported to be activated by oxLDL[27]. The 

activation of HIF-1 promotes the expression of many growth factors and cytokines, 

regulates cell proliferation and survival, and is involved in biological processes such 

as angiogenesis(Lee et al.,2004; Sun et al.,2010). Therefore, the regulation of 

miR-590-3p on HIF-1 might responsible for the effects of miR-590-3p on 

angiogenesis. Our present results demonstrated an increase in HIF-1 expression after 

oxLDL treatment, which subsequently increased the production of VEGF, MMP-2, 
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and MMP-9. Mir-590-3p up-regulation inhibited the oxLDL-induced HIF-1, VEGF, 

MMP-2 and MMP-9 expression, indicating the functionalities of miR-590-3p might 

be partly obtained through the HIF-1 signal.  

In conclusion, our results suggest that in ECs, low concentration of oxLDL 

promote the expression of LINC00657; the LINC00657 act as ceRNA and inhibit the 

expression of miR-590-3p, which then loses its suppression on HIF-1. The 

up-regulation of HIF-1 promotes the expression of VEGF, MMP-2, MMP-9 and 

eventually induces the angiogenesis (Figure 5). Our present study provides a new 

insight into the roles of LINC00657 and miR-590-3p on oxLDL-induced angiogenesis 

and may provide a novel strategy for atherosclerosis treatment.  
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Figure legends: 

Figure 1 Effects of ox-LDL and LINC00657 on endothelial cell angiogenesis. A, 

the effects of different concentration of oxLDL on LINC00657 expression in 

HUVEC. B, the influence of different concentrations of ox-LDL on cell viability in 

different time. C, the effects of si-LINC00657 on oxLDL-induced cell viability 

change; cell viability in different time. HUVECs were transfected with 

si-LINC00657 or siNC respectively for 24 h and then treated with ox-LDL (10 μg/ml) 

for the indicated time. Cell viability was assessed by MTS method. D, E, Transwell 

assay for cell migration. HUVECs were transfected with si-LINC00657 (100 nM) or 

siNC respectively for 24 h and then treated with ox-LDL (10 μg/ml) for another 48 h. 

The cells in the lower chamber were stained with DAPI and calculated. F, Tube 

formation assay. G, Wound healing assay. A linear wound was made, and ox-LDL 

and/or si-LINC00657 were added, and the distance between the cell boundaries was 

measured. H, Relative length of endothelial cell tube formation. Tube length was 

quantified in three random microscope fields, and normalized relative to the NC 

group; I, Percentage of the healed wound. Data are Mean ± SD from 3 independent 

experiments, *P<0.05, **P<0.01, compared with NC; #P<0.05 compared with the 

ox-LDL group.  

 

Figure 2 Regulation of LINC00657 on miR-590-3p expression. A, the alignment of 

LINC00657 and miR-590-3p; B, effects of si-LINC00657 on LINC00657 expression. 

HUVECs were cultured in 24-well plates, and transfected with 500ng of 
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si-LINC00657. The expression of LINC00657 was measured by qPCR. C, effects of 

si-LINC00657 on miR-590-3p expression. D, the expression of LINC00657 and 

miR-590-3p after oxLDL treatment for 24 hours. Data are Mean ± SD from 3 

independent experiments, **P<0.01, compared with control.    

 

Figure 3 Inhibition of miR-590-3p partly abrogated the effects of LINC00657 on 

ox-LDL induced angiogenesis. A, Cell viability measured by MTS method. B, C, 

Transwell assay for cell migration. D, Tube formation assay. E, Wound healing assay. 

F, Relative length of endothelial cell tube formation. Tube length were quantified in 

three random microscope fields, and normalized relative to the NC group; G, 

Percentage of the healed wound. Data are Mean ± SD from 3 independent experiments, 

**P<0.01, compared with the oxLDL+si-NC group; #P<0.05 compared with the 

ox-LDL+si-LINC00657 group.  

 

Figure 4 The regulation of miR-590-3p on HIF-1α, VEGF, MMP-2, MMP-9 

expression. A, The relative luciferase activities measured by dual luciferase reporter 

analysis. B, The predicted miR-590-3p binding site in HIF-1. C, the effects of 

miR-590-3p on HIF-1 protein expression. D, The mRNA expression of HIF-1. E, 

the normalized level of HIF-1 protein. F, the effects of miR-590-3p on 

oxLDL-induced HIF-1, VEGF, MMP-2 and MMP-9 mRNA expression; G, the 

effects of miR-590-3p on oxLDL-induced HIF-1 protein expression; H, the 

normalized level of HIF-1 and VEGFR2 protein; I, ELISA analysis of VEGF, 
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MMP-2 and MMP-9 levels in HUVECs culture supernatant. Data are Mean ± SD 

from 3 independent experiments, *P<0.05, **P<0.01 vs NC; #P<0.05 vs oxLDL. 

 

Figure 5 Function of LINC00657 in oxLDL-induced angiogenesis. In endothelial 

cells, low concentration of oxLDL promotes the expression of LINC00657; the 

LINC00657 acts as miRNA sponge and inhibited the level of miR-590-3p; 

miR-590-3p losses its suppression on HIF-1, and leads to the up-regulation of 

HIF-1; HIF-1 then promotes the expression of VEGF, MMP-2, MMP-9 and 

eventually induced the angiogenesis.  
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