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LncRNA ANRIL promotes angiogenesis and thrombosis 
by modulating microRNA-99a and microRNA-449a in 
the autophagy pathway
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Abstract: The objective of the present study was to investigate the mechanism whereby long-chain non-coding 
RNA (LncRNA) antisense non-coding RNA (ANRIL) in the INK4 locus promotes angiogenesis and thrombosis by the 
miR-99a and miR-449a interventional autophagy pathway. The expression of LncRNA ANRIL, autophagy-related 
gene beclin1, and miR-99a and miR-449a in human umbilical vein endothelial cells (HUVECs) was determined by 
qRT-PCR. Thrombomodulin expression was examined by Western blotting assays. The levels of autophagy-related 
factors were determined by ELISA. CCK-8 assays were used to assess cell viabilities. Apoptosis was detected by 
flow cytometry via annexin V-FITC/propidium iodide double labeling and TUNEL assays. The interaction between 
ANRIL, miR-99a and miR-449a was studied using luciferase reporter assays. The role of ANRIL in autophagy was 
assessed in rats. Our data revealed that ANRIL and beclin-1 were highly expressed, while miR-99a and miR-449a 
were down-regulated in HUVECs serum of the autophagy model. Luciferase reporter assays, in vitro rescue assays, 
and Matrigel assays demonstrated that ANRIL increased beclin-1 expression via miR-99a and miR-449a sponges to 
upregulate thrombomodulin and promote angiogenesis. In addition, in vivo experiments confirmed that knockdown 
of ANRIL reduced thrombosis in rats. In conclusion, ANRIL promotes angiogenesis and thrombosis by upregulating 
the expression of miR-99a and miR-449a during autophagy.
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Introduction

Prevention and treatment of blood clots can 
reduce the risk of stroke, heart attack and pul-
monary embolism. There is strong evidence 
that miRNAs play an important role in cellular 
physiology and pathology, and are involved in 
the regulation of gene expression in major dis-
eases such as cardiovascular disease, meta-
bolic syndrome and pulmonary embolism [1]. 
MiR-99a and miR-449a belong to the miR-99 
and miR-449 families, respectively. In the hu- 
man genome, miR-99 is located on human ch- 
romosome 9 q22.32 and belongs to the intron 
sequence. The miR-449 family is located on 
human chromosome 19 p13.13 and belongs to 
the intergenic sequence. MiR-99 and miR-449 
are widely present in a variety of mammalian 
tissues, and are especially highly expressed in 
cardiovascular tissues. Studies have found that 
when vascular endothelial cells undergo oxi- 
dative stress, the expression level of miR-24 is 

significantly upregulated [2]. It is suggested 
that miR-99 and miR-449 are closely related to 
the functions of vascular endothelial cells.

Atherosclerosis is a vascular arteriosclerotic 
disease. Chronic ischemic heart disease is of- 
ten caused by atherosclerosis, especially in the 
coronary arteries, which causes myocardial un- 
dernutrition over time. This disease is charac-
terized by formation of plaques in the inner 
walls of blood vessels. Those plaques are com-
posed of cholesterol, lipids, cells such as mono-
cytes/macrophages, and calcium. Once these 
plaques fall off, they will block the flow of blood. 
Atherosclerosis leads to reduced blood flow and 
ischemia, and is often the cause of heart at- 
tacks, strokes and gangrene. Menghini et al. 
showed that miR-99a can regulate ox-LDL-in- 
duced autophagy in human endothelial cells by 
directly inhibiting beclin-1. They also found that 
ATG5 levels were also reduced, but luciferase 
assays did not confirm that ATG5 was directly 

http://www.ajtr.org


LncRNA ANRIL in angiogenesis and thrombosis

7442	 Am J Transl Res 2019;11(12):7441-7448

targeted by miR-99a. Overexpression of miR-
99a inhibits autophagy, leading to accumula-
tion of oxLDL and increased monocyte adhe-
sion which suggests a potential role for plaque 
formation in early atherosclerosis. In addition, 
downregulation of miR-99a induces autophagy 
in human endothelial cells and provides protec-
tion against ox-LDL. 

Atherosclerosis is closely related to cerebrovas-
cular accidents such as stroke. Wang et al. 
have found that inhibition of miR-30a attenu-
ates death/injury associated with cerebral is- 
chemia and protects mice from neurological 
deficits. The other two miRNAs, miR-449a and 
miR-352, play important roles in cerebral isch-
emia by regulating autophagy. Both miRNAs are 
reportedly downregulated after ischemia, and 
are capable of inhibiting lysosomal-associated 
membrane proteins (LAMP). Tao et al. showed 
that upregulation of miR-449a reduced the nu- 
mber of lysosomes and autophagosomes and 
increased the number of autophagic vacuoles, 
indicating that miR-449a can prevent auto- 
phagosome maturation and degradation. MiR-
449a mimics reduce infarct size in ischemic 
injury, suggesting that miR-449a prevents au- 
tophagic cell death.

Autophagy is a process in which lysosomes de- 
grade and transform their own damaged pro-
teins and aging organelles into energy and raw 
materials to maintain the metabolic balance of 
the cells. Autophagy of endothelial cells is high-
ly correlated with the physiological and patho-
logical processes of vascular diseases. Studies 
have found that a large number of autophago-
somes are found and beclin-1 expression is sig-
nificantly enhanced in the atherosclerotic pla- 
que [3].

The antisense non-coding RNA (ANRIL) in the 
INK4 locus is a 3.8 kb long non-coding RNA 
(lncRNA) that is widely expressed in mammali-
an tissues or organs such as the lungs and the 
liver [4, 5]. Previous preliminary studies have 
found that lncRNA ANRIL is highly expressed in 
a human umbilical vein endothelial cell (HUVEC) 
autophagy model and participates in the ex- 
pression of thrombomodulin (TM). It is unclear 
whether lncRNA ANRIL regulates the expres-
sion of TM by regulating deubiquitination. Ba- 
sed on bioinformatics analysis, we found that 
lncRNA ANRIL shares miRNA response ele-
ments with TM in miR-99a and miR-449a. An 

abnormal decrease in renal miR-99a and miR-
449a was observed in rapamycin-induced au- 
tophagy mice [6]. However, little is known about 
the expression and role of miR-99a and miR-
449a in autophagy models.

Therefore, we hypothesized that lncRNA ANRIL 
acts as a miRNA sponge in the autophagy path-
way, regulates angiogenesis via cavernous miR-
99a and miR-449a, and upregulates TM expres- 
sion to promote thrombosis.

Materials and methods

Samples

A total of 25 patients with thrombosis and 25 
healthy volunteers were included in the study. 
Fasting blood samples were collected from all 
participants and then centrifuged at 3,000 g 
for 10 minutes at 4°C. Serum samples were 
then collected and examined for expression le- 
vels of ANRIL, miR-99, miR-449, TM, beclin-1, 
IL-18, TNF-α and IL-6 using qRT-PCR analysis 
and ELISA. 

The study was approved by the ethics commit-
tee of the hospital and informed consent was 
obtained from all participants.

Methods

Cells and rapamycin-induced autophagy model: 
HUVECs, purchased from the European Co- 
llection of Authenticated Cell Cultures (ECACC, 
Porton Down, UK), were cultured in Dulbecco’s 
modified eagle medium/Ham’s F12 (DMEM/
F12; Life Technologies, Carlsbad, CA, USA) sup-
plemented with 10% fetal bovine serum (FBS; 
Invitrogen, Carlsbad, CA, USA) and 100 mg/mL 
penicillin/streptomycin (Life Technologies) in a 
humidified atmosphere containing 5% CO2 at 
37°C. HUVECs were treated with 1 mM rapamy-
cin and after 24 hours, the expression levels of 
ANRIL, miR-99, miR-449, TM, beclin-1, IL-18, 
TNF-α and IL-6.pcDNA3 were determined. 
1-ANRIL (ANRIL), pcDNA3.1 empty vector (Ve- 
ctor), small interfering RNA (siRNA) targeting 
ANRIL (si-ANRIL), disrupting negative control 
siRNA (si-Ctrl), miR-99 and miR-449 simula-
tion, simulated competition for negative control 
(simulated NC), miR-99 and miR-449 inhibitors, 
inhibitor competing for negative control (inhibi-
tor NC), siRNA beclin-1 (si-beclin-1), and com-
peting for negative control siRNA (si-Ctrl) were 
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purchased from GenePharma Co., Ltd. HUVECs 
were transfected prior to rapamycin treatment 
using Lipofectamine 2000 (Invitrogen) accord-
ing to the manufacturer’s instructions and fur-
ther studies were performed 48 hours after tr- 
ansfection.

Animal experiments: All animal experiments 
were conducted in accordance with the guide-
lines of the Animal Care and Use Committee  
of Wuhan University People’s Hospital. Male 
Sprague-Dawley (SD) rats, weighing 160-180 g 
each, were purchased from Shanghai SLAC 
Laboratory Animal Co., Ltd. (Shanghai, China) 
and individually housed in an air-conditioned 
room at 22°C ± 2°C with a 12 hour light/dark 
cycle and a regular rodent diet or a high ade-
nine diet. All rats were randomly divided into 3 
groups (6 in each group), namely, the control 
group, the autophagy model group, and the si-
ANRIL injection group. The model rats returned 
to the normal diet 20 days after the high ade-
nine diet; the rats in the si-ANRIL group were 
intraperitoneally injected with si-ANRIL once 
weekly for 4 weeks. All rats were sacrificed 4 

centrifugation at 14,000 g for 15 minutes at 
4°C. The proteins in the lysate were resolved on 
10% SDS-PAGE, transferred to a PVDF mem-
brane and blocked with Tris buffered saline 
(TBST) containing 5% skim milk for 2 hours at 
room temperature. The blot was probed over-
night at 4°C with primary antibodies against TM 
(1:1000; Abcam, Cambridge, UK) and beclin1 
(1:1000; Cell Signaling Technology, Boston, 
MA, USA), with horseradish peroxide Enzyme in- 
cubation (HRP)-conjugated goat anti-rabbit IgG 
(1:1000; Cell Signaling Technology) for 1 hour 
at room temperature. Protein bands were visu-
alized using ECL (Thermo Scientific, Shang- 
hai, China) in a Molecular Imager Chem-iDoc 
XRS system (Bio-Rad Laboratories, Hercules, 
CA, USA). β-actin was used as an internal re- 
ference.

Annexin V-FITC/propidium iodide double label-
ing flow cytometry: Apoptosis was analyzed by 
flow cytometry using the Annexin V-FITC Apo- 
ptosis Detection Kit (BD Biosciences; San Jose, 
CA, USA) according to the manufacturer’s pro-
tocol. HUVECs after transfection and rapamycin 

Figure 1. Expression of ANRIL, TM and inflammatory cytokines in UAN pa-
tients. Note: *P < 0.05 compared with the normal group, **P < 0.01 com-
pared with the normal group.

weeks later and lumen forma-
tion of HUVECs in each group 
was examined by Matrigel as- 
says.

RNA extraction and qRT-PCR 
analysis: Total RNA was extra- 
cted from serum and HUVECs 
using Trizol reagent (Life Tech- 
nologies) and reverse transc- 
ribed into cDNA using the Pri- 
meScript RT kit (TaKaRa, Da- 
lian, China) according to the 
manufacturer’s protocol. Rela- 
tive expression levels of ANRIL, 
miR-99, miR-449 and TM, and 
beclin-1 were determined us- 
ing an SYBR Premix Ex Taq 
(TaKaRa) on an ABI 7500 real-
time PCR system (Applied Bio- 
systems, Carlsbad, CA, USA).

Western blotting assays: To an- 
alyze TM and beclin-1 expres-
sion in HUVECs and kidney  
tissues, we extracted total cel-
lular protein using radioim- 
munoprecipitation assay buf-
fer (Beyotime, Shanghai, China) 
and the lysate was clarified by 
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treatment were harvested, washed with cold 
PBS, and stained with binding buffer containing 
annexin V-FITC and propidium iodide (PI) for 15 
minutes at 4°C in the dark. Finally, cells were 
sorted by flow cytometry (Beckman Coulter, Fu- 
llerton, CA, USA).

ELISA: The levels of IL-1b, IL-8, TNF-α and IL-6 
in the serum or cell culture supernatant were 
measured with appropriate ELISA kits (R & D Sy- 
stems, Minneapolis, MN, USA). Optical density 
(OD) was read at 540 mm according to the 
manufacturer’s instruction.

Histopathological examination: Formalin-fixed 
and paraffin-embedded renal tissue sections 
(5 mm) were stained with hematoxylin and 
eosin (H&E) and Mason trichrome staining 
(Sigma-Aldrich, St. Louis, MO, USA) by routine 
procedure. Histopathological changes of blood 
vessels were assessed by staining.

TUNEL assays: Paraffin embedded renal tissue 
sections were incubated with recombinant ter-
minal deoxynucleotidyltransferase (rTdT) solu-
tion for 1 hour at 37°C in the dark and stain- 
ed with 3,30-diaminobenzidine (DAB; Roche, 
Shanghai, China). TUNEL-stained cells were ob- 
served under a fluorescence microscope (Oly- 
mpus). The apoptotic index was calculated as 
the percentage of TUNEL positive cells divided 
by the total number of cells.

Statistical analysis

Data were expressed as mean ± standard devi-
ation (SD) and analyzed by SPSS version 22.0 
(SPSS Inc., Chicago, IL, USA). Significant differ-

ences were analyzed using t-test or analysis of 
variance (ANOVA), and P values less than 0.05 
were considered to be statistically significant.

Results

Serum ANRIL and TM overexpression in pa-
tients with thrombosis

In order to determine if ANRIL and TM proteins 
were altered in the thrombus, we first tested 
the serum levels of ANRIL and TM in thrombotic 
patients and age-matched healthy subjects. 
QRT-PCR analysis showed that serum ANRIL 
and TM contents were elevated in patients with 
thrombosis compared with the normal control 
group (Figure 1A). In addition, in order to con-
firm the release of pro-inflammatory cytokines 
in the thrombus, serum IL-1b, IL-18, TNF-α and 
IL-6 levels were measured by ELISA. The results 
showed that serum IL-1b, IL-18, TNF-α and IL-6 
levels were significantly higher in thrombosis 
patients than the normal group (Figure 1B), 
suggesting ANRIL-mediated thrombotic resp- 
onse.

ANRIL promotes TM activation in HUVECs

Rapamycin increased the expression levels of 
ANRIL and TM (Figure 2A, 2B). TM levels (Figure 
2C) in HUVECs transfected with the ANRIL 
expression vector were significantly upregulat-
ed after 24 hours of rapamycin treatment. On 
the contrary, siRNAs silenced ANRIL and inhib-
ited TM expression. These data indicated th- 
at ANRIL triggered downregulation of TM in 
HUVECs.

Figure 2. Effect of ANRIL on the expression levels of TM in vitro. Note: *P < 0.05 compared with the normal group, 
**P < 0.01 compared with the normal group.
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ANRIL acts as a miRNA sponge, up-regulating 
the expression of beclin-1 via miR-99a and 
miR-449a sponge

QRT-PCR and Western blot analysis further 
showed that expression of miR-99a and miR-
449a was decreased, and beclin-1 expression 
was elevated in the serum of thrombosis pa- 
tients (Figure 3A). The results of rapamycin 
treated HUVECs are consistent with serum 
results (Figure 3B). A large body of evidence 

suggested that lncRNAs may act as competi-
tive endogenous RNAs (ceRNAs), possibly do- 
wnregulating miRNA expression, thereby regu-
lating miRNA target inhibition at the posttran-
scriptional level [7]. Therefore, this study ex- 
plored whether ANRIL had a similar mechanism 
in HUVECs. Through bioinformatics analysis, it 
was found that ANRIL and beclin-1 shared  
the regulatory sites of miR-99a and miR-449a. 
ANRIL expression and mRNA and protein ex- 
pression levels of beclin-1 in HUVECs transfect-

Figure 3. Interaction between ANRIL, miR-99a, miR-449a 
and beclin-1. Note: **P < 0.01 compared to the normal 
group.
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ed with miR-99a and miR-449a mimics, miR-
99a and miR-449a inhibitors or respective con-
trols were assessed by qRT-PCR and Western 
blotting assays. As shown in Figure 3C and 3D, 
miR-99a and miR-449a overexpression inhibit-
ed ANRIL and beclin-1 expression levels, while 
miR-99a and miR-449a silencing significantly 
promoted ANRIL and beclin-1 expression. In 
conclusion, ANRIL positively regulated beclin-1 
by ejecting miR-99a and miR-449a in HUVECs.

ANRIL-induced upregulation of TM is mediated 
through miR-99a and miR-449a

In order to further understand the effect of 
ANRIL on the expression and function of miR-
99a and miR-449a, HUVECs were co-transfect-
ed with miR-99a and miR-449a or mock NC 
and pcDNA-ANRIL vectors prior to rapa- 
mycin treatment. The results showed that over-
expression of miR-99a and miR-449a signifi-
cantly reduced TM levels. In contrast, ANRIL 
overexpression significantly increased TM lev-
els (Figure 4).

Silenced ANRIL improves blood vessel forma-
tion in a rat model of thrombosis

In order to confirm the effect of ANRIL on angio-
genesis in autophagy rats, SD rats were ran-
domly divided into the control group, the 
autophagy model group and the si-ANRIL injec-
tion group. Matrigel assays were used to detect 

can be used as a lure for miRNA to inhibit bind-
ing of miRNA to target gene mRNA; 3) lncRNA 
can play the role of endogenous miRNA sponge 
and inhibit the expression of miRNA; 4) lncRNA 
indirectly inhibits the negative regulation of tar-
get gene mRNA by competing with miRNA to 
bind to the 3’UTR of target gene mRNA; 5) 
lncRNA can produce miRNA and regulate the 
target gene mr-na; 6) lncRNA can also serve as 
the competing binding site of the same miRNA 
by ceRNA and other RNA transcripts, so as to 
degrade target gene mRNA. Among them, the 
most important is the ceRNA pathway, that is, 
lncRNA can act as ceRNA to competitively bind 
to miRNA regulating gene with the same MRE 
through miRNA response element (MRE), which 
affects cellular function.

Our current work revealed that lncRNA ANRIL 
promoted the activation of TM by increasing 
miR-99a and miR-449a, thus providing new 
insights into the pivotal role of lncRNA ANRIL in 
the pathogenesis of thrombosis. LncRNA is 
defined as a novel RNA transcript of more than 
200 nucleotides with narrow protein-encoding 
functions and is involved in regulating cellular 
processes such as cell growth, metabolism, dif-
ferentiation and apoptosis [8]. Recent studies 
have revealed an important role of lncRNA in 
vascular disease and may open up opportuni-
ties for the development of new therapeutic tar-
gets. For example, a recent report by Hu et al. 
provided evidence of the pathogenic role of 

Figure 4. Effect of ANRIL on the expression and function of miR-99a and 
miR-449a.

lumen formation of HUVECs in 
each group. The results show- 
ed that compared with the 
blank control group, the num-
ber of lumen formation in the 
silent ANRIL group was rela-
tively small, and most of the 
lumens were smaller than the 
control group. However, HUV- 
ECs in the autophagy model 
group had a tendencyto aggre-
gate, but did not form a distinct 
lumen-like network (Figure 5).

Discussion

LncRNA ANRIL can regulate 
mir-99a and mir-449a. The re- 
gulatory pathways of IncRNA 
for miRNA can be divided into 
6 aspects: 1) lncRNA can 
degrade lncRNA by interacting 
with specific miRNA; 2) lncRNA 
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metastasis-associated transcript 1 (MALAT1) in 
patients with pulmonary embolism [9-12]. Dun 
and colleagues found that taurine up-regulated 
gene 1 (TUG1) acts as a mediator of extracel-
lular matrix accumulation in DN progression via 
the miR-377/PPARg axis [13-16]. In our study, 
we demonstrated that lncRNA ANRIL was high- 
ly expressed in thrombosis patient sera and 
human renal proximal tubular epithelial cells 
treated with rapamycin. In addition, lncRNA 
ANRIL promoted the activation of beclin-1. A 
broader understanding of the lncRNA mecha-
nism may open a new way to study the mecha-
nism whereby autophagy pathways induce th- 
rombosis.

LncRNAs may act as ceRNAs, and regulate the 
distribution of miRNAs on their targets. LncRNA 
ANRIL has been reported to regulate tumor pro-
liferation, migration and invasion by miR-99a 
and miR-449a as ceRNAs in oral cancer [17-
20]. Therefore, in this study, we investigated 
whether lncRNA ANRIL acted as a ceRNA in 
thrombus progression. By using bioinformatics 
software, we found that lncRNA ANRIL con-
tained several target binding sites for miR-99a 
and miR-449a. Luciferase activity assays con-
firmed the binding relationship between lncRNA 
ANRIL, miR-99a and miR-449a. Based on the 
data, it was concluded that ANRIL acted as a 
miR-99a and miR-449a ceRNA in the throm-
bus. Overexpression of miR-99a and miR-449a 
inhibited ANRIL and beclin-1 expression levels, 
while miR-99a and miR-449a silencing signifi-
cantly promoted ANRIL and TM expression. In 
conclusion, ANRIL positively regulated beclin-1 
by ejecting miR-99a and miR-449a in HUVECs.

In the present study, TM was shown to be a 
direct target of miR-99a and miR-449a in 
thrombus. Further exploration indicated that 

lncRNA ANRIL acted as an endogenous miR-
99a and miR-449a sponge that upregulated 
TM expression. The number of lumen formation 
in the silent ANRIL group was relatively small, 
and most of the lumens were smaller than 
those in the control group. However, HUVECs in 
the autophagy model group had a tendency to 
become aggregated, but did not form a distinct 
lumen-like network. The effect of lncRNA ANRIL 
on inhibition of angiogenesis and promotion of 
thrombosis was confirmed.
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