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Abstract: Background: Exosomes which mainly function in intercellular communication and lncRNA HIF1A-AS1 
which can be transferred by exosomes, have been shown to play a significant role in atherosclerosis. This study aims 
to explore the diagnostic value of exosomes and exosomal lncRNA HIF in atherosclerosis. Methods: Plasma sample 
from 35 patients with atherosclerosis and from 28 healthy adults were collected for further investigation. The 
exosomes were extracted from the plasma sample and then the concentration of exosomes was measured by flow 
cytometry. Then the exosomal RNA was isolated and exosomal lncRNA HIF1A-AS1 was quantified using real-time 
polymerase chain reaction (qRT-PCR). Finally, the concentration of exosomes and the expression level of exosomal 
lncRNA HIF1A-AS1 were analyzed using Spearman’s correlation test, and receiver operating characteristic (ROC) 
curves were used for evaluation of diagnostic accuracy of exosomes and exosomal lncRNA HIF1A-AS1. Results: The 
concentration of exosomes was significantly higher in patients with atherosclerosis than that in healthy people, the 
same as the expression level of exosomal lncRNA HIF1A-AS1. Furthermore, the result of Spearman’s correlation test 
indicated that there was a positive correlation between them. Last, we also showed that the area values under the 
ROC curves of exosomes and lncRNA HIF1A-AS1 were 0.856 and 0.823, respectively. Conclusion: Exosomes and 
exosomal lncRNA HIF1A-AS1 could act as potential biomarkers for atherosclerosis.
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Introduction

As the main underlying cause of cardiovascular 
disease (CVD), atherosclerosis is a chronic 
inflammatory condition of major blood vessels. 
Unstable atherosclerosis can lead to thrombus 
formation which causes serious consequenc-
es, including myocardial infarction and stroke 
[1, 2]. Exosomes are extracellular nanovesicles 
of 30-100 nm in size which are released by 
many different cell types and can be found in 
most bodily fluids [3]. Extended evidences have 
shown that exosomes play an important part in 
atherosclerosis. Gao et al. [4] demonstrated 
that exosomes derived from mature dendritic 
cells could increase endothelial inflammation 
and atherosclerosis. Min Yin et al. [5] reported 

that exosomes can act as new pharmacological 
targets to treat atherosclerosis. However, the 
difference of exosomes expression between 
patients with atherosclerosis and healthy peo-
ple is undecided.

Long noncoding RNA (lncRNA, >200 nucleo-
tides) is an exclusive category of RNAs that do 
not code for functional polypetides, but has 
emerged as another important layer of gene 
regulation [6]. Jing Wang et al. [7] reported that 
LncRNA HIF 1 alpha-antisense RNA 1 (HIF1A-
AS1) silencing could reduce palmitic acid-
induced apoptosis and promote proliferation of 
human vascular endothelial cells (HUVECs), 
which indicated that lncRNA HIF1A-AS1 might 
play a vital role in the pathogenesis of cardio-
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vascular disease via endothelial cells lesion. 
Wang et al. [8] also reported that lncRNA  
HIF1A-AS1 can regulate proliferation and apop-
tosis of vascular smooth muscle cells (VSMC). 
However, the expression level of circulating exo-
somal lncRNA HIF1A-AS1 in atherosclerosis is 
unknown.

Therefore, this study aims to investigate the 
diagnostic value of circulating exosomes and 
exosomal lncRNA HIF1A-AS1 as potential bio-
markers for atherosclerosis. 

Materials and methods

Study subjects

A total of 65 blood samples were collected from 
patients diagnosed with atherosclerosis and 
68 blood samples from healthy people. All sub-
jects are from Affiliated Hospital of Yangzhou 
University aged 45 and older. Subjects were 
excluded if they were diagnosed with acute cor-
onary syndrome or with recent myocardial 
infarction or unstable angina, were known or 
suspected to suffer from infectious diseases, 
including human immunodeficiency virus or 
hepatitis B, or were diagnosed with malignant 
tumor, lung diseases, hepatic or hematologic 
disorders, or chronic renal failure requiring dial-
ysis. All procedures to collect blood samples 
were performed according to the recommenda-
tions of Ethical Committee of Affiliated Hospital 
of Yangzhou University and all patients gave 
written informed consent.

µL of extracted exosomes was fixed in 1% glu-
taraldehyde for 10 min, washed, and contrast-
ed in 2% uranylacetate. TEM was used to 
observe the morphological features of the 
exosomes.

Western blot analysis

The exosome pellets were dissolved in the pro-
tein lysis buffer, and the protein content was 
determined using a BCA protein assay kit 
(Thermo Scientific, USA). The proteins were 
separated on an SDS-PAGE gel before transfer-
ring to a PVDF membrane. The membrane was 
incubated with TSG101 (ab83, Abcam Inc., 
Cambridge, MA, USA), CD9 (ab92726, Abcam 
Inc., Cambridge, MA, USA) and CD63 (ab59479, 
Abcam Inc., Cambridge, MA, USA) primary anti-
bodies at 4°C overnight, followed by incubation 
with the corresponding secondary antibodies at 
room temperature for 1 h. The TSG101, CD9 
and CD63 expressions were measured using 
Western blot analyses.

Measurement of exosomes using rapid micro 
flow cytometer analysis 

Before the sample being run by the flow cytom-
eter, the reference ApogeeMix beads were used 
to assess the performance of Apogee MFC, and 
to compare the size distribution of the exo-
somes. The PBS was run as a background con-
trol. The isolated exosomes were diluted by 
PBS to tenfold. Then all the samples were mea-
sured by the flow cytometer.

Table 1. The clinical characteristics of the study subjects

Variable
Patients with 

Atherosclerosis
n=65

Healthy 
people
n=68

P-Value

Gender (% Male) 46.2 47.1 >0.05
Age (years) 55.6±8.3 53.4±9.4 >0.05
BMI categories 28.7±2.6 22.8±2.4 <0.01
Waist (cm) 101±19 93±15 <0.01
Systolic BP (mm Hg) 115±15 111±16 >0.05
Diastolic BP (mm Hg) 78±9 76±10 >0.05
Diabete mellitus (%) 5.6 4.7 >0.05
Total cholesterol (mmol/L) 7.85±1.54 4.31±0.93 <0.01
HDL (mmol/L) 1.30±0.56 1.31±0.15 >0.05
LDL (mmol/L) 4.56±0.34 2.84±0.21 <0.05
Triglycerides (mmol/L) 4.5±1.4 1.5±0.6 <0.01
Cholesterol medication (%) 92.3 0

Isolation and purification of exo-
somes from blood sample

The plasma was collected at 1500 g 
for 10 min and then underwent a cen-
trifugation at 3000 g for 15 min to 
eliminate cell debris. Exosomes were 
extracted from the obtained super- 
natant according to the PureExo® 
Exosome Isolation Kit (for serum or 
plasma, Cat.#: P101). The final exo-
some pellet was resuspended in 100 
ul PBS and stored at -80°C for subse-
quent studies.

Exosome characterization [9]

TEM: The extracted exosomes were 
identified by transmission electron 
microscopy (TEM). In brief, about 30 
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RNA extraction

RNeasy kit (QIAGEN, Valencia, CA, USA) was 
used to extract RNA from the isolated exo-
somes. Briefly, 20 μl exosome suspension was 
mixed with 700 μl QIAzol lysis buffer, and the 
mixture was processed according to the manu-
facturer’s standard protocol. The isolated RNA 
was eluted using 25 ul of RNase-free water. 

LncRNA analysis through RT-qPCR

Reverse transcriptase quantitative real-time 
PCR (RT-qPCR) was performed using the high-
throughput BioMark Real-Time PCR system 
(Fluidigm, South San Francisco, CA) according 
to the manufacturer’s protocol to determine 
the quality and abundance of lncRNA. lncRNA 
was quantified using NanoDrop spectropho-
tometer (Thermo Fisher Scientific). The PCR 

ysis. Variables were evaluated using the 
Kolmogorov-Smirnov test to assess normality. 
Normally distributed data was expressed as 
the mean ± standard deviation (SD) or as num-
bers. Spearman’s correlation test was used to 
analyze correlations between exosomes and 
lncRNA HIF1A-AS1. Receiver operating charac-
teristic (ROC) curves were used for evaluation 
of diagnostic accuracy of the concentration of 
exosomes and the expression of lncRNA HIF1A-
AS1. Results were considered to be statistically 
significant when P<0.05.

Results

Clinical characteristics of the study subjects

In total, 133 subjects were finally recruited. The 
clinical characteristics of those subjects were 
presented in Table 1. Among them, there were 

Figure 1. The identification of circulating exosomes. A: The observation of exosomes under electron microscope. B: 
The detection of exosomal markers CD9, CD63 and TSG101 by Western blot assay. Bar: 100 nm.

Figure 2. Expression of exo-
somes in plasma. A and B: The 
results of flow cytometry in ath-
erosclerosis and healthy group. 
C: The statistics analysis of the 
results. *stands for P<0.05.

reaction included an initial 
“hot start” for 10 min, fol-
lowed by 45 cycles of amplifi-
cation. Each cycle consisted 
of a denaturation step at 
95°C for 10 s, annealing 
starting at 60°C for 20 s and 
decreasing by 2°C every two 
cycles down to 55°C, and 
amplification at 72°C for 30 
s. Relative expression was 
calculated according to com-
parative Quantification cycle 
(Cq) method. The levels of 
exosomal lncRNA HIF1A-AS1 
were normalized using GAP- 
DH, as recommended in 
other studies [10, 11]. 

Statistical analysis

IBM SPSS Statistics version 
18.0 was used for data anal-
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markers TSG101, CD9 and CD63, as shown in 
Figure 1B.

Expression of exosomes in plasma

The concentration of exosomes was measured 
by the following formula: the concentration of 
exosomes = the total concentration of parti-
cles-the concentration of particles in PBS 
(count/µl).

As shown in Figure 2, we found that the con-
centration of exosomes was significantly hi- 
gher in patients with atherosclerosis than in 
controls.

Expression of exosomal lncRNA HIF1A-AS1 in 
plasma

As shown in Figure 3, the result of RT-qPCR 
revealed that there was a significant difference 
between the expression of lncRNA HIF1A-AS1 
between patients with atherosclerosis and 
healthy subjects.

Correlations between circulating exosomes 
and exosomal lncRNA HIF1A-AS1 in athero-
sclerosis

As shown in Figure 4, in order to evaluate  
the possible relation between circulating exo-
somes and exosomal lncRNA HIF1A-AS1 in ath-
erosclerosis, we analyzed if there was a correla-
tion between them. It was revealed that the 
level of expression of exosomal lncRNA HIF1A-
AS1 was significantly correlated with circulating 
exosomes.

Circulating exosomes and exosomal lncRNA 
HIF1A-AS1 as potential biomarkers in athero-
sclerosis

As shown in Figure 5, to further investigate the 
efficiency of circulating exosomes and exosom-

Figure 3. Expression of exosomal lncRNA HIF1A-AS1 in plasma. A. The re-
sult of RT-qPCR of AS1. B. Relative AS1 level of control group. **stands for 
P<0.01.

several variables showing 
significant difference, includ-
ing BMI categories, waist, 
total cholesterol, LDL, and 
triglycerides. 

Identification of circulating 
exosomes

Under the observation of 
TEM, the exosomes were 
round-shaped with diame-
ters of 50-120 nm, as shown 
in Figure 1A. We also detect-
ed the presence of exosomal 

Figure 4. Possible relation between circulating exo-
somes and exosomal lncRNA HIF1A-AS1 in athero-
sclerosis. It was revealed that the level of expression 
of exosomal lncRNA HIF1A-AS1 was significantly 
correlated with circulating exosomes (r=0.875, 
P<0.001). 

Figure 5. Circulating exosomes and exosomal lncRNA 
HIF1A-AS1 as potential biomarkers of atheroscle-
rosis, ROC curve analysis was performed between 
patients with atherosclerosis and healthy people. 
The area value under the receiver operating charac-
teristics curves of exosomes and exosomal lncRNA 
HIF1A-AS1 were 0. 861 and 0.823 respectively.
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al lncRNA HIF1A-AS1 as potential biomarkers of 
atherosclerosis, ROC curve analysis was per-
formed between patients with atherosclerosis 
and healthy people. And it was demonstrated 
that the area value under the receiver operating 
characteristics curves of exosomes and exo-
somal lncRNA HIF1A-AS1 were 0. 861 and 
0.823, respectively.

Discussion

In this study, for the first time we found that exo-
somes from plasma are significantly higher in 
atherosclerosis than in healthy people. It is well 
known that exosomes can be secreted by many 
different cell types. The activation of endotheli-
al cells, migration of vascular smooth muscle 
cells, monocyte chemotaxis/adhesion are the 
main events in the processes of atherosclero-
sis [12]. Perrotta et al. [13] revealed that both 
lesional smooth muscle cells and endothelial 
cells are able to secrete exosomes in athero-
sclerosis, which suggested the possible exis-
tence of a new mechanism of intercellular com-
munication in the plaque milieu. Since we found 
the concentration of plasma exosomes was 
higher in atherosclerosis, it is logically assumed 
that those mentioned cells secrete more exo-
somes in atherosclerosis than they are in nor-
mal condition and that the overexpression of 
exosomes might help with the progress of ath-
erosclerosis. However, further research is 
needed to decide what mechanism behind this 
affects the development of atherosclerosis.

Furthermore, we demonstrated that the expres-
sion level of exosomal lncRNA HIF1A-AS1 was 
much higher in atherosclerosis. LncRNA HIF1A-
AS1 was shown to regulate the apoptosis and 
proliferation of endothelial cells [7] and VSMCs 
[8, 14, 15] in atherosclerosis and thoracoab-
dominal aorta aneurysm which usually results 
from atherosclerosis. This indicated that the 
overexpression of lncRNA HIF1A-AS1 might 
relate to those cells. However, the relation 
between lncRNA HIF1A-AS1 and those cells 
needs to be further explained. For example, is 
lncRNA HIF1A-AS1 overexpressed by those 
cells and then transferred to intracellular envi-
ronment? In order to answer this question, we 
performed Spearman’s correlation test bet- 
ween the concentration of circulating exosomes 
and exosomal lncRNA HIF1A-AS1. Interestingly, 
we found that there was a positive correlation. 

As is known to us, exosomes are extracellular 
vesicles and can contribute to cell-to-cell com-
munication and modulate cellular activities in 
recipient cells by transfer of their contents [16]. 
Exosomes contain a variety of biologically 
active molecules, including proteins, mRNA, 
miRNA [17] and also lncRNA [16]. Therefore, it 
is possible that the overexpression of lncRNA 
HIF1A-AS1 was the result of overexpression of 
exosomes secreted by endothelial cells and 
vascular smooth muscle cells.

Last and third, the diagnostic values of plasma 
exosomes and exosomal lncRNA HIF1A-AS1 
were evaluated by ROC curve analysis. We  
demonstrated that the areas under the curve  
of plasma exosomes and exosomal lncRNA 
HIF1A-AS1 were 0.856 and 0.823, respective-
ly. These evidence were valuable because they 
indicated that circulating exosomes and exo-
somal lncRNA HIF1A-AS1 could act as potential 
biomarkers for atherosclerosis. 

In conclusion, we showed that the overexpres-
sion of circulating exosomes and exosomal 
lncRNA HIF1A-AS1 could result from the activa-
tion of endothelial cells and vascular smooth 
muscle cells VMSCs. And what’s more impor-
tant is that they could serve as potential bio-
markers for atherosclerosis.
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