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Abstract

Introduction
Atherosclerosis is a continuously worsening chronic condition that starts in the arteries and may then
affect other blood vessels. There is increasing evidence linking microRNAs to the development of
arteriosclerosis obliterans (ASO). Quantitative reverse transcription polymerase chain reaction (qRT-
PCR) was applied in this study to detect miR-210-5p (miR-210) expression, and significant
upregulation was observed in human arterial walls where ASO was prevalent.

Material and methods
The proliferation of human umbilical vascular endothelial cells (HUVECs) with various levels of
miR-210 expression was assessed via MTT and colony-formation assays. Cell proliferation was
significantly promoted in HUVECs with upregulated miR-210 levels and reduced in HUVECs with
downregulated miR-210 levels.

Results
Flow cytometric analysis of cells stained with annexin V-FITC and propidium iodide data
demonstrated that miR-210 inhibited apoptosis, while miR-210 inhibition promoted apoptosis by
mediating pro-apoptotic protein expression levels. These results were verified using a dual-luciferase
reporter gene assay system, which showed that Janus kinase 1 (JAK1) was directly targeted by
miR-210, while an miR-210 mimic significantly decreased downstream JAK1 and signal transducer
and activator of transcription 3 (STAT3) activation at a post-transcriptional level in HUVECs, as
detected by western blotting and qRT-PCR. Further inhibition of either JAK1 or STAT3 counteracted
the effect of miR-210 on HUVEC proliferation and apoptosis. These findings suggest that miR-210
promotes HUVEC proliferation, at least in part, by targeting the JAK1-STAT3 signaling axis.

Conclusions
This study provides insights into the contribution of the miR-210-JAK1-STAT3 axis and its underlying
mechanisms to ASO pathology.
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Structured Abstract 

Introduction: Atherosclerosis is a continuously worsening chronic condition that starts in 

the arteries and may then affect other blood vessels. There is increasing evidence linking 

microRNAs to the development of arteriosclerosis obliterans (ASO). Quantitative reverse 

transcription polymerase chain reaction (qRT-PCR) was applied in this study to detect 

miR-210-5p (miR-210) expression, and significant upregulation was observed in human 

arterial walls where ASO was prevalent. Material and Methods: The proliferation of 

human umbilical vascular endothelial cells (HUVECs) with various levels of miR-210 

expression was assessed via MTT and colony-formation assays. Cell proliferation was 

significantly promoted in HUVECs with upregulated miR-210 levels and reduced in 

HUVECs with downregulated miR-210 levels. Results: Flow cytometric analysis of cells 

stained with annexin V-FITC and propidium iodide data demonstrated that miR-210 

inhibited apoptosis, while miR-210 inhibition promoted apoptosis by mediating 

pro-apoptotic protein expression levels. These results were verified using a dual-luciferase 

reporter gene assay system, which showed that Janus kinase 1 (JAK1) was directly 

targeted by miR-210, while an miR-210 mimic significantly decreased downstream JAK1 

and signal transducer and activator of transcription 3 (STAT3) activation at a 

post-transcriptional level in HUVECs, as detected by western blotting and qRT-PCR. 

Further inhibition of either JAK1 or STAT3 counteracted the effect of miR-210 on 

HUVEC proliferation and apoptosis. These findings suggest that miR-210 promotes 

HUVEC proliferation, at least in part, by targeting the JAK1-STAT3 signaling axis. 

Prep
rin

t



3 
 

Discussion: This study provides insights into the contribution of the 

miR-210-JAK1-STAT3 axis and its underlying mechanisms to ASO pathology.  

Keywords: ASO, HUVECs, miR-210, JAK1, STAT3, apoptosis 
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Introduction 

Atherosclerosis generally occurs when plaque builds up and hardens the arterial wall, due 

to the convergence of extracellular matrix, cholesterol, and cells in large quantities [1]. 

Atherosclerotic lesions are an important cause of morbidity and mortality as they reduce 

blood flow after years of slow disease progression [2]. Arteriosclerosis obliterans (ASO) is 

mainly treated with immediate-efficacy endovascular procedures, such as balloon 

angioplasty and stent implantation [3]. However, within 12 months of balloon angioplasty, 

stenosis recurrence and re-narrowed blood vessels are seen in 30–50% of patients. 

Approximately 12% of patients have severe ischemia and eventually require limb 

amputation [4]. ASO develops via several mechanisms and is influenced by multiple risk 

factors (age, male gender, smoking, hypertension, hyperlipidemia, diabetes mellitus, 

chronic renal failure, and hyperhomocysteinemia). During the development of ASO, 

endothelial dysfunction occurs, and macrophages and vascular smooth muscle cells 

(VSMCs) accumulate and produce TNF-α, IL-6, and other pro-inflammatory cytokines [5]. 

Endothelial cells maintain both the integrity of blood vessels and the stability of the entire 

vascular system [6]. Endothelial dysfunction, largely attributed to apoptosis and 

inflammation [7], is one of the initial steps in the development of ASO and it plays a major 

role in its progression. Quiescent VSMCs migrate from the medial arterial wall into the 

intimal space and gradually form a neointima, which, combined with the presence of 

multiple extracellular matrix proteins, results in vascular stenosis. Therefore, the 

dysfunction of endothelial cells and VSMCs, including abnormal proliferation, migration, 
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and apoptosis, are pivotal events resulting in arteriosclerosis. Thus, endothelial cells and 

VSMCs are crucial targets of ASO treatment. 

MicroRNAs (miRNAs) are a class of noncoding RNAs that are highly conserved across 

species. miRNAs post-transcriptionally repress their target mRNAs that participate in 

diverse cellular functions [8-10]. miRNAs are involved in the onset and progression of 

ASO by regulating the function of VSMCs, macrophages, and endothelial cells [11-13]. 

The roles of miR-21, miR-143, and miR-221 in the pathogenesis of arterial occlusive 

disease have previously been reported [14-16]. In cultured human arterial smooth muscle 

cells, miR-21 decreases cell proliferation and migration by regulating tropomyosin 1 [17]. 

miR-143 is required for Jag-1/Notch-induced VSMC differentiation [18]. miR-221 has 

pro-proliferation, pro-migration, and anti-apoptosis effects in VSMCs, but 

anti-proliferation, anti-migration, and pro-apoptosis effects in endothelial cells [16]. 

miR-210-5p (miR-210) acts as a tumor suppressor in ovarian cancer [19] and esophageal 

squamous cell carcinoma [20], by inhibiting cell proliferation and promoting apoptosis. 

miR-210 also suppresses human retinal endothelial cell migration and tube formation [21]. 

Higher levels of miR-210 expression are observed in preeclamptic placentas [22], causing 

the suppression of trophoblast invasion. Furthermore, miR-210 levels are significantly 

upregulated in ASO [23], but the detailed mechanism is not known. 

The Janus kinase (JAK)-signal transducer and activator of transcription (STAT) pathway, 

an important oncogenic signaling pathway, is often activated in human malignant 

neoplasms [24]. It is activated by JAK tyrosine kinase, after ligand binding to a 
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cell-surface receptor. STATs are transcription factors that are latent in the cytoplasm. After 

translocating to the nucleus, they bind to specific DNA elements to direct gene 

transcription, thus implying that STATs are phosphorylated by kinases. Previous studies 

have shown that JAK-STAT signaling is restricted to cytokine receptors and growth-factor 

receptors [25]. Activated STATs are involved in proliferation, cell death, and other normal 

cellular events [26]. Growing evidence suggests that STATs, especially STAT3, play 

pivotal roles in apoptosis [27]. However, reports regarding the role of the JAK-STAT 

signaling pathway in ASO are rare.  

The aim of the present study was to evaluate the correlation between miR-210 levels and 

vascular endothelial cell apoptosis in ASO and to investigate the molecular mechanism of 

miR-210 expression and its relation to the JAK-STAT signaling pathway in ASO.  

 

Material and Methods 

Clinical specimens 

Serum samples were collected from 20 ASO patients treated in the Department of 

Cardiology, Ningbo Huamei Hospital, Ningbo, China, from February 2016 to December 

2018 and from 20 healthy volunteers. Intermittent claudication and ischemic rest pain, two 

major symptoms of ASO, were used as the main diagnostic criteria. Intermittent 

claudication is pain or fatigue that occurs in a muscle or muscle group on repetitive use. 

Ischemic rest pain indicates an advanced stage of the disease. Several other tests, such as 

Prep
rin

t



7 
 

angiography and measurements of ankle/brachial index and pulse wave velocity, were 

used as complementary parameters for ASO diagnosis. The Fontaine classification system 

was used to determine the stage of ischemia in the extremities. All ASO patients had 

characteristic symptoms of chronic limb ischemia, intermittent claudication, rest pain, or 

non-healing ischemic ulcers (Fontaine I, n = 5; Fontaine II, n = 11; Fontaine III, n = 4), as 

confirmed by angiography. Baseline data for all patients are shown in Table 1. Individuals 

with none of these symptoms were recruited as non-ASO controls. Written informed 

consent was obtained from all participants and approval was obtained from the Ethics 

Review Committee of Ningbo Huamei Hospital. 

Animals 

Nondiabetic male B6 apolipoprotein E-deficient (ApoE-/-) mice (5 weeks old, 25–35 g), 

bred into a > 99% C57BL/6J background, were supplied by Beijing Vital River Laboratory 

Animal Technology Co., Ltd (Beijing, China). Mice were fed a Western-type diet (21% fat, 

0.2% cholesterol) and water to induce ASO and were maintained on a 12 h light-dark 

cycle. After 8 weeks, the mice were bled to death under 20% urethane anesthesia. The 

study conformed to the laboratory animal guidelines ratified by the Animal Ethics 

Committee of Ningbo Huamei Hospital. 

Cell culture 

HUVECs, provided by the Shanghai Institute of Biochemistry and Cell Biology (Shanghai, 

China), were cultured in RPMI 1640 medium with 10% fetal bovine serum (FBS). The 
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medium was replaced every 2 days, and cells were passaged after reaching 80–90% 

confluence. To model arteriosclerosis, HUVECs were treated with 75 µg/mL oxidized 

low-density lipoprotein and 20 ng/mL platelet-derived growth factor-BB (Hangzhou 

Union Biotechnology Co., Ltd.) for 24 h at 37 °C [28-30]. 

Cell transfections 

An miR-210 mimic/inhibitor or corresponding negative control (NC) RNAs (GenePharma, 

Shanghai, China) were transfected into HUVECs using Lipofectamine 2000 (Invitrogen, 

Carlsbad, CA, USA). The following sequences were used: miR-210 mimic, 5′-CUGUGC 

GUGUGACAGCGGCUGA-3′; NC mimic. 

5′-UCACAACCUCCUAGAAAGAGUAGA-3′; miR-210 inhibitor, 

5′-CUGUGCGUGUGACAGCGGCUGA-3′; NC inhibitor, 

5′-UUGUACUACACAAAAGUACUG-3′.  

Cell survival assay 

A methyl thiazolyl tetrazolium (MTT) assay was used to investigate HUVEC survival. 

Briefly, cells were cultured in 96-well plates at a concentration of 4 × 103 cells/well and 

were then transfected with different RNAs. After reaching approximately 80% confluence, 

20 μL of MTT solution (0.5 mg/mL; Sigma-Aldrich, St. Louis, MO, USA) was added to 

each well and cells were incubated for 4 h. DMSO (150 μL) was then added to each well 

to dissolve the resulting methyl crystals. Finally, optical density was measured at 540 nm 

using an Infinite M200 microplate reader (Tecan, Männedorf, Switzerland). 
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Colony-formation assay 

HUVECs were transfected with different RNAs 2 days prior to resuspension in RPMI 

1640 medium containing 10% FBS. Cells were subsequently plated on the top layer of 

base agar (0.4%, 8 mm) and transferred to 12-well plates with a bottom layer of agar 

(0.5%, 0.5 mL). Four randomly chosen colonies on each plate were quantified after 2 

weeks. 

Flow cytometry 

To analyze apoptosis, flow cytometry was performed after annexin V-fluorescein 

isothiocyanate (FITC) and propidium iodide (PI) staining, as previously reported [31-33]. 

Transfected cells (5 × 104) were resuspended in 20 μL of annexin V-binding buffer (10 

mM HEPES, pH 7.4; 140 mM NaCl; and 2.5 mM CaCl2) and mixed with 10 μL of 

FITC-conjugated anti-annexin V antibody (BD Biosciences, Franklin Lakes, NJ, USA). 

The mixture was then incubated in the dark at room temperature for 20 min and PI (5 μL) 

was added to the cell suspension immediately prior to analysis. Finally, the relative 

number of annexin V- and PI-positive cells was determined using a BD FACSVerse™ 

flow cytometer (BD Biosciences). 

Western blotting analysis 

Tris-HCl (50 mM) was mixed with sodium chloride (150 mM), NP-40 (1%), and sodium 

dodecyl sulfonate (0.1%) to prepare RIPA buffer (pH 7.2). The resulting buffer, along with 

a protease inhibitor solution (Roche, Basel, Switzerland) was used to lyse cells. Proteins 
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were quantified using the Pierce™ BCA Protein Assay Kit (23225; Thermo Fisher 

Scientific, Waltham, MA, USA). After performing SDS-PAGE on 10% polyacrylamide 

gels (Bio-Rad, Hercules, CA, USA), the separated proteins were transferred to 

polyvinylidene difluoride (PVDF) membranes (0.45 µm; Millipore, Burlington, MA, 

USA). The PVDF membranes were incubated overnight at 4 °C with primary antibodies 

(Abcam Cambridge, UK) against caspase-3 (1:2,000; ab4051), cleaved caspase-3 (1:500, 

ab2302), Bax (1:5,000, ab53154), Bcl-2 (1:5,000, ab59348), Janus kinase 1 (JAK1, 

1:1,000, ab47435), STAT3 (1:1,000, ab5073), phosphorylated STAT3 (1:500, ab30647), 

and GAPDH (1:5,000, ab8245) and subsequently, with secondary antibodies. 

Immunoreactivity was detected using the West Femto Maximum Sensitivity Substrate Kit 

(Thermo Fisher Scientific) and a C-DiGit blot scanner (LI-COR Biosciences, Lincoln, NE, 

USA). 

RNA isolation and quantitative PCR  

Total RNA was extracted from cells using TRIzol (Invitrogen). miRNA was quantified in 

total RNA samples using SYBR Green (Invitrogen) and a LightCycler® 480 Real-Time 

PCR System (Roche). GAPDH served as an internal reference. Quantitative PCR was 

performed in 20 μL using a SYBR® Green PCR Master Mix. The internal reference was 

normalized relative to the calibrator (mean of the internal controls) to calculate the target 

values, using the 2-ΔΔCT method. 

Dual-luciferase reporter assay 
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The entire 3′-untranslated region (UTR) region of JAK1 was amplified and subcloned 

downstream of the GV126 luciferase gene. Following the prediction of miR-210-binding 

sites in the JAK1 gene, site-directed mutagenesis was performed to eliminate these binding 

sites. Cells expressing the mutant JAK1 3′-UTR region served as controls. The Renilla 

luciferase plasmid harboring the thymidine kinase promoter (TaKaRa, Kyoto, Japan) 

served as a reporter control to monitor transfection efficiency. The miR-210/NC mimic and 

wild-type/mutant JAK1 were transfected with the reporter vector into HEK293T cells, 

after which a dual-luciferase reporter assay (DLRA) was performed. Cells were cultivated 

in DMEM supplemented with 10% FBS and mycillin and were incubated at 37 °C under 

5% CO2. DMEM was replaced every 2 days. Between passages, the cells were digested 

with tryptase (0.25%) and subcultured upon reaching 70–80% confluence. 

Immunofluorescence and confocal microscopy 

Immunofluorescence (IF) assays were performed 16 h after cell seeding, which began 

when cells reached 50% confluence. After fixing and permeabilizing cells in 100% 

methanol at room temperature for 15 min, they were rinsed several times with PBS and 

rehydrated. PBS containing 1% BSA was added to the rehydrated cells to block 

nonspecific binding. Next, the cells were rinsed thrice with PBS before performing the IF 

assay using DyLight 594- or FITC-conjugated secondary antibodies (1:100), with 

incubation at 4 °C for 16 h. Nuclei were counterstained with DAPI (Invitrogen) and 

viewed under a TCS SP5 confocal laser-scanning microscope (Leica, Wetzlar, Germany). 
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JAK1 and STAT3 inhibitor treatment 

The JAK1 inhibitor, baricitinib (S2851; Selleck Chemicals, Houston, TX, USA) and the 

STAT3 inhibitor, Stattic (10 mM in DMSO, S7024, Selleckchem) were used to block 

JAK1-STAT3 signal transduction. After transfection of the miR-210/NC inhibitor for 32 h, 

cells were incubated with either 2 μM baricitinib or 10 μM Stattic for 1 or 4 h, 

respectively. 

Statistical analysis 

Data are expressed as mean ± standard deviation and were analyzed using a one-way 

ANOVA or a two-tailed student’s t-test. Statistical significance was set at P < 0.05. 

 

 

Results 

miR-210 was expressed at high levels in ASO patients 

To determine the effect of miR-210 on ASO, its serum levels were first measured in ASO 

patients. Compared with healthy volunteers, patients showed high levels of miR-210 

(Figure 1A). Additionally, miR-210 expression levels were found to be higher in 

atherosclerotic plaques of ApoE-/- mice than in normal congenic mice (Figure 1B). These 

data suggested that miR-210 was involved in ASO pathogenesis. 

Regulated expression of miR-210-mediated VEC proliferation and apoptosis 
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The effect of miR-210 on HUVECs was subsequently investigated. To upregulate or 

downregulate miR-210, HUVECs were transfected with an miR-210 mimic or inhibitor, 

respectively. Quantitative reverse transcription PCR (qRT-PCR) results indicated that 

mimic or inhibitor transfection led to a significant increase or decrease in miR-210 levels, 

respectively, in HUVECs (Figure 2A). The MTT assay showed a significant reduction in 

HUVEC proliferation 24–72 h post-transfection with the miR-210 inhibitor, in comparison 

to those transfected with the NC inhibitor. However, HUVEC proliferation increased after 

transfection with the miR-210 mimic (Figure 2B). As shown in the colony-formation assay, 

miR-210 downregulation reduced the number of HUVEC colonies, while cells transfected 

with the mimic produced more colonies (Figure 2C). 

To further determine the effect of miR-210 on apoptosis, transfected HUVECs were 

subsequently stained with annexin V-FITC/PI. Thirty-six hours after transfection, fewer 

apoptotic cells were observed in the miR-210 mimic-transfected group, whereas a greater 

number of apoptotic cells was observed in the miR-210 inhibitor-transfected group, 

compared with the NC groups (Figures 3A, 3B). Previous studies have shown that Bcl-2 

increases cell survival, but Bax promotes apoptosis [34]. qRT-PCR results showed that the 

miR-210 mimic increased Bcl-2 expression, but decreased Bax and caspase-3 expression 

and levels and caspase-3 cleavage (Figure 3C). Meanwhile, the miR-210 inhibitor 

decreased Bcl-2 levels, but increased Bax and caspase-3 levels and caspase-3 cleavage, 

compared with the NC group (Figure 3D), indicating that miR-210 promoted cell viability 

by reducing apoptosis. 
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miR-210 targeted the 3′-UTR of JAK1 

We subsequently used bioinformatics analysis to predict potential miR-210 targets. As 

shown in Figure 4A, miR-210 may target JAK1. DLRA was performed to evaluate the 

direct interaction between miR-210 and JAK1. Based on our data, the miR-210 mimic 

transfected HUVEC-interdicted luciferase to function and were fused by 75% with the 

3’-UTR of JAK1 gene, in contrast with the other controls (Figure 4B).  

Therefore, we first detected JAK1 expression in ASO samples and healthy controls. JAK1 

mRNA levels were found to be lower in the 20 ASO samples than the healthy specimens 

(Figure 4C). Meanwhile, the expression levels of JAK1 mRNA and protein were lower in 

atherosclerotic plaques of ApoE-/- mice than in normal congenic mice, as detected by 

qRT-PCR and western blotting (Figures 4D, 4E). 

The JAK-STAT pathway is well known for its involvement in processes such as cell 

division, cellular immunity, necrobiosis, and tumor formation [24]. Expression and 

phosphorylation JAK1 and STAT1/3 were reduced after transfection with the miR-210 

mimic, whereas they were increased in cells transfected with the miR-210 inhibitor 

(Figures 5A, 5B). Furthermore, IF analysis showed that miR-210 mimic transfection 

blocked STAT3 nuclear translocation, while miR-210 inhibition increased nuclear STAT3 

levels (Figures 5C, 5D). Hence, the 3′-UTR of JAK1 may be a target region of miR-210. 

The JAK1-STAT3 signaling axis was responsible for miR-210-mediated HUVEC 

proliferation and apoptosis 
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The role of the JAK1-STAT3 axis in mediating the effects of miR-210 was determined by 

treating miR-210 inhibitor-transfected HUVECs with the JAK1 inhibitor, baricitinib and 

the STAT3 inhibitor, Stattic. Western blotting analysis showed that baricitinib treatment 

downregulated the expression and phosphorylation of STAT3, while Stattic treatment 

downregulated STAT3 phosphorylation without affecting its expression (Figures 6A, 6B). 

IF analysis showed that miR-210 inhibition led to the nuclear translocation of STAT3, but 

this was inhibited by treatment with both baricitinib and Stattic (Figure 6C), indicating 

that the JAK1 and STAT3 pathways were blocked after drug treatment.  

MTT assays were subsequently performed. These data indicated that baricitinib and Stattic 

restored the proliferation of HUVECs that was attenuated by miR-210 inhibition (Figure 

6D). Increased cell death was observed after miR-210 inhibition, while cells incubated 

with baricitinib and Stattic had significantly higher cell survival rates (Figure 6E). Thus, 

blocking the JAK1-STAT3 signaling axis was sufficient to restore proliferation and 

suppress apoptosis induced via miR-210 inhibition. 

 

Discussion 

As is well documented, miRNAs predominantly regulate target gene expression at the 

post-transcriptional level and they are crucial for mediating physiological and pathological 

processes, such as cancer [35], arthritis [36], and ASO [37, 38]. In ASO patients, serum 

miR-210 levels were upregulated. Additionally, our data demonstrated that miR-210 
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promoted the proliferation and inhibited the apoptosis of HUVECs via a mechanism that 

likely involved the regulation of JAK1 expression and JAK1-STAT3 signal transduction. 

Although a previous study showed miR-210 upregulation in the serum of ASO patients 

[39], the functions of miR-210 in HUVECs have not previously been reported. In this 

study, we describe the roles of miR-210 in ASO HUVECs. Our findings were similar to 

those of Zheng et al. [40], who found that miR-210 overexpression significantly 

upregulates VEGF expression and promotes the proliferation, migration, and invasion of 

HUVECs. In the present study, cell proliferation was increased by miR-210 in ASO 

HUVECs. Lu et al. demonstrated higher miR-210 expression levels in 

oxygen-glucose-deprived endothelial progenitor cells. Under both normal and 

oxygen-glucose-deprived conditions, miR-210 affected migration, proliferation, and tube 

formation [41]. 

Activated STAT3 serves as an important biological marker that mediates VEGF-induced 

activation of endothelial cells [42-44]. There is potential for the development of 

antiangiogenic therapy targeting the STAT3 signaling pathway that is mediated by 

VEGF/VEGFR. However, as STAT signaling status differs in different endothelial cells, it 

is unclear whether STAT3 is activated in HUVECs of ASO patients [45]. Here, a DLRA 

was used to show that miR-210 directly targeted JAK1. miR-210 inhibition has been 

suggested to promote JAK1-STAT3 activity and transduction, to repress VEC proliferation, 

and the inhibition of both JAK1 and STAT3 has been shown to reverse these effects. 

Indeed, we demonstrated that baricitinib and Stattic treatment efficiently blocked miR-21 
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inhibition-induced STAT3 phosphorylation, with significantly less HUVEC apoptosis and 

restored HUVEC proliferation. In agreement with our findings, recent studies have 

demonstrated that JAK or STAT inhibitors decrease apoptosis, and STAT upregulation 

promotes apoptosis in multiple cell lines, such as advanced ovarian clear cell carcinoma 

[46], myocardial microvascular endothelial [47], and osteosarcoma cells [48].  

 

Conclusions 

In conclusion, the present study demonstrated that miR-210 levels are significantly 

increased in ASO serum samples. In addition, miR-210 promoted the proliferation of 

VECs, but its inhibition repressed proliferation, at least to some extent, when JAK1 was 

directly targeted by miR-210. Meanwhile, activation of downstream STAT1, STAT3, and 

SOCS1 were also inhibited by miR-210. This study identified a potential therapeutic target, 

miR-210, for ASO. 
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 ASO group 

(n=20) 

Control 

group 

(n=20) 

p-value 

 

Males/females 9/11 8/12 0.21 

Age (years) 49.5±5.6 50.2±5.4 0.45 

Body mass index (kg/m2) 27.6±3.5 26.9±3.7 0.43 

Total cholesterol (mg/dl) 202.3±45.9 193.4±39.0 0.10 

HDL-C(mg/dl) 51.2±13.1 49.5±11.3 0.23 

LDL-C(mg/dl) 114.16±36.2 118.3±33.6 0.32 

Triglyceride (mg/dl) 168.6±55.8 153.6±59.7 0.18 

GFR(ml/min/1.73m2) 111.5±15.1 111.6±14.9 0.52 

Fasting blood-glucose(mmol/l) 4.9±0.5 5.0±0.5 0.36 

Heart rate(beats/minute) 74.5±10.8 74.8±9.8 0.25 

SBP(mm Hg) 145.0±12.0 138.5±15.6 0.02 

DBP(mm Hg) 84.5±8.5 83.4±9.1 0.23 

CRP(mg/l) 15.3±5.8 6.8±2.5 0.008 

Table 1. Demographic, clinic and laboratory characteristics between groups. 

HDL-C, highdensity lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; 

GFR, glomerular filtration rate; CRP, C-reactive protein; DBP, diastolic blood pressure; 

SBP, systolic blood pressure. Data are presented as the mean ± standard deviation 
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Figure legends 

Figure 1. miR-210 expression in ASO patients 

(A) qRT-PCR was performed to analyze miR-210 expression in serum samples of 20 ASO 

patients and 20 healthy volunteers. (B) Expression levels of miR-210 in ApoE-/- mice with 

ASO were measured by qRT-PCR. Results are presented as mean ± SD. **P < 0.01, ***P 

< 0.001. 

Figure 2. Effect of miR-210 on HUVEC proliferation 

(A) HUVECs were transfected for 36 h with miR-210 or negative control (NC) 

mimic/inhibitor. miR-210 expression levels were subsequently measured in human 

vascular endothelial cells (HUVECs) by qRT-PCR. (B) VEC proliferation rate was 

measured by MTT assay, 24, 48, and 72 h after transfection. (C) miR-210 or NC 

mimic/inhibitor-transfected HUVECs underwent a colony-formation assay. The right 

panel shows the number of colonies formed in each group. Results are presented as mean 

± SD. *P < 0.05, **P < 0.01. 

Figure 3. Effect of miR-210 on HUVEC apoptosis 

(A, B) To determine the total number of apoptotic cells, HUVECs were stained with 

annexin V-FITC/PI for flow cytometry. In each plot, the right quadrant indicates apoptotic 

cells at an early stage. (C, D) Western blotting was performed to detect the levels of Bcl-2, 

Bax, caspase-3, and cleaved caspase-3 in HUVECs transfected with miR-210 or NC 

mimic/inhibitor. cCaspase-3, cleaved caspase-3. Data represent the mean ± SD. *P < 0.05. 
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Figure 4. JAK1 was directly targeted by miR-210  

(A) Graphic representation of conserved miR-210-binding motif in the JAK1 3′-UTR. 

Sequences complementary to the miR-210 seed region are displayed. They correspond to 

wild-type (WT) and mutant (MU) sequences of the JAK1 3′-UTR. (B) Luciferase activity 

following the transfection of miR-210 mimics with luciferase reporter constructs 

incorporating either WT or of MU JAK1 3′-UTR sequences. After normalization to 

β-galactosidase activity, luciferase activity of the WT JAK1 3′-UTR constructs were 

significantly reduced by miR-210 compared with MU JAK1 3′-UTR constructs. (C) 

qRT-PCR was performed to measure JAK1 mRNA levels in serum samples of 20 ASO 

patients and 20 healthy volunteers. (D, E) JAK1 mRNA and protein expression levels were 

measured in ApoE-/- mice with ASO via qRT-PCR and western blotting, respectively. Data 

are presented as mean ± SD. *P < 0.05. 

Figure 5. miR-210 regulated JAK1-STAT3 pathway activation  

(A, B) Western blotting analysis was performed to determine JAK1 and STAT1/3 

expression and phosphorylation levels in HUVECs transfected with miR-210 or negative 

control (NC) mimic/inhibitor. (C, D) Cellular localization of STAT3 in HUVECs 

transfected with miR-210 or NC mimic/inhibitor was determined by immunofluorescence. 

pSTAT3, phosphorylated STAT3. Data are presented as mean ± SD. *P < 0.05. 

Figure 6. JAK1 and STAT3 restored HUVEC proliferation impaired by miR-210 

inhibition  
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VECs were initially transfected with either an miR-210 inhibitor or negative control (NC) 

counterpart for 32 h before treatment with 2 μM baricitinib for 1 h or 10 μM Stattic for 4 h. 

(A, B) Western blotting was performed to verify the efficacy of baricitinib and Stattic 

treatment on the levels of JAK1, STAT3, and phosphorylated STAT3 in HUVECs. (C) 

Immunofluorescence was performed to detect the nuclear translocation of STAT3 in 

HUVECs. (D) An MTT assay measured the effects of baricitinib and Static on HUVEC 

proliferation. (E) Apoptosis of transfected and treated HUVECs was evaluated by flow 

cytometry. pSTAT3, phosphorylated STAT3. Results are expressed as mean ± SD. *P < 

0.05. 
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