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Abstract: Objective: This study aims to investigate the regulatory role of exosome lncRNA OIP5-AS1 in tumor progres-
sion and autophagy. Methods: Seventy-three cases of osteosarcoma (OS) tissues and 56 cases of adjacent normal 
tissues were collected to culture human OS cell line HOS. The exosomes secreted by OS cell line were isolated and 
collected. Apoptosis and exosome markers were detected by flow cytometry. A nude mouse model of OS was estab-
lished. The gene expression levels of lncRNA OIP5-AS1, miR-153 and autophagy-related protein 5 (ATG5) were quan-
tified by real-time quantitative PCR (RT-PCR). The binding sites of lncRNA OIP5-AS1 and miR-153 were predicted by 
Starbase3.0, and the binding sites of miR-153 and ATG5 were predicted by Targetscan7.2. The gene binding sites 
were verified by luciferase reporter gene detection or RNA immunoprecipitation (RIP). The relative level of protein 
was tested by Western blot. Transwell was applied to test migration and invasion of OS cells. The angiogenesis of OS 
cells was tested by tubule formation test. Results: The results of RT-PCR showed that lncRNA OIP5-AS1 levels were 
elevated in OS cells and exosomes secreted by cells. Cell function experiments revealed that the proliferation, migra-
tion, and invasion of OS cells were promoted by exosomal lncRNA OIP5-AS1. In exosomes, lncRNA OIP5-AS1 inhib-
ited the expression of LC3-II and Beclin 1 proteins, indicating that exosomal lncRNA OIP5-AS1 inhibited autophagy. 
According to the results of bioinformatics tools and dual-luciferase reporter (DLR) assay or RNA immunoprecipita-
tion (RIP), miR-153 targeted the 3’-UTR of lncRNA OIP5-AS1 and autophagy-related protein 5 (ATG5). The results of 
western blot (WB) assay showed that exosomal lncRNA OIP5-AS1 and down-regulated miR-153 led to the enhance-
ment of ATG5 protein expression, while up-regulated miR-153 resulted in the decrease of ATG5 protein expression. 
ATG5 was negatively correlated with miR-153 and positively correlated with lncRNA OIP5-AS1. The results of tubule 
formation assay disclosed an increase in the angiogenesis level caused by the exosomal lncRNA OIP5-AS1, which 
was then reversed by the increase of miR-153 and decrease of ATG5. Conclusion: Highly enriched exosomal lncRNA 
OIP5-AS1 can regulate OS tumor angiogenesis and autophagy through miR-153 and ATG5.
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Introduction

Osteosarcoma (OS) is a primary bone cancer 
prevalent among children and adolescents [1], 
with an incidence of 5.2 cases per million peo-
ple aged 0-19 years [2]. The formation and 
development of tumors are accompanied by 
angiogenesis. Abundant nutrients and oxygen 
are indispensable to the growth and metasta-
sis of cancer cells, which could be supplied by 
blood vessels [3]. Angiogenesis plays a key role 

in the progression of OS [4]. The study by Tsai et 
al. [5] has suggested that the inhibition on 
angiogenesis can suppress OS. Autophagy is a 
process for cells to remove and degrade their 
damaged proteins or organelles [6]. Its function 
is both positive and negative in the formation 
and progression of malignant tumors [7]. In the 
early stage of cancer formation, autophagy can 
inhibit the canceration of normal cells [8]. 
However, autophagy can facilitate immune 
escape of cancer cells and promote cancer cell 

http://www.ajtr.org


Exosome lncRNA OIP5-AS1 regulates the angiogenesis of osteosarcoma tumors

4212 Am J Transl Res 2021;13(5):4211-4223

metabolism during cancer progression [9]. 
Autophagy-related protein 5 (ATG5) is a key 
player in autophagy. The study by Kim et al. [10] 
has suggested that ATG5-mediated autophagy 
is involved in the regulation of mitochondrial 
function, proliferation, apoptosis, and adhe-
sion. The reduction of ATG5 protein expression 
can inhibit autophagy and cell growth of OS 
[11]. Therefore, the understanding of the mech-
anism underlying OS angiogenesis and autoph-
agy can improve the treatment of OS.

There is abundant evidence that non-coding 
RNAs (ncRNAs) are involved in the expression 
and functions of proteins. Long ncRNAs 
(lncRNAs) and miRNAs are two major members 
of ncRNAs, which play a key role in the  
development and progression of OS [12]. 
LncRNAs are leading regulators of cell biologi-
cal processes such as cell aging, oxidative 
stress and differentiation [13]. LncRNA OIP5-
AS1 is expressed at a markedly higher level in 
OS [14-16], which suggests that it is deeply 
involved in the proliferation and apoptosis of 
OS cells and can regulate the formation and 
development of malignant tumors. MiRNAs reg-
ulate 90% of protein-coding genes by induc- 
ing mRNA degradation or inhibiting miRNA 
translation. In the human genome, miR-153 is 
found in chromosome 6, with 87 bp in length. 
Studies [18-20] have revealed that the differen-
tial expression of miR-153 is correlated with 
cisplatin resistance, oxidative stress and prolif-
eration of OS cells.

In this study, we detected highly enriched 
lncRNA OIP5-AS1 in exosomes secreted by OS 
cells based on the quantitative reverse tran-
scription PCR (RT-qPCR) and discovered 
enhanced lncRNA OIP5-AS1 expression in OS 
tissue samples. Besides, Starbase and 
Targetscan database analysis predicted bind-
ing sites between lncRNA OIP-AS1 and miR-
153. Here, we cultured exosomes together with 
OS cells, seeking to study the role of lncRNA 
OIP5-AS1 in OS angiogenesis and autophagy.

Methods

OS patients

Totally 73 samples of OS tissue and 56 sam-
ples of adjacent normal tissue were collected 
from patients with OS. Inclusion criteria: The 
patients were diagnosed with OS based on clin-

ical symptoms or results of pathological biopsy; 
The patient had a complete case. Exclusion  
criteria were as below: Patients with tumors 
other than OS; Patients who had received radio-
therapy and chemotherapy or surgical resec-
tion of OS in the past; Patients with chronic 
orthopedic diseases; Patients with other sys-
temic immune diseases; Patients with severe 
cardiovascular and cerebrovascular diseases 
and hepatic and renal insufficiency. All partici-
pants in the study signed the written informed 
consent. This study was carried out under the 
approval of the ethics committee of our hospi-
tal. Sliced tissue samples were stored at -80°C.

Isolation, extraction and characterization of 
exosomes

The OS cell suspension was centrifuged at 1 × 
105 g for 8 hours, and then the cells were  
cultured in the DMEM supplemented by 10% 
FBS (37°C, with 5% CO2). After culture, the 
supernatant was collected when cell adher-
ence reached 80-90% to extract exosomes. 
Following the 1.5 hour-centrifugation of  
exosomes (1 × 105 g), the sediment was col-
lected. The exosomes pellet was dissolved in 
phosphate-buffered saline (PBS) by repeatedly 
pipetting. Exosomal markers (TSG101, CD63, 
and CD81) were tested on a flow cytometry 
(FCM) system. The morphology and particle 
size of exosomes were characterized under the 
scanning electron microscope (SEM).

Models of xenograft tumor

BALB/C male nude mice (16-18 g, aged 5-6 
days) were purchased for the modeling of OS  
in nude mice. The HOS cell line (200 μL) (5 × 
106) was subcutaneously injected into the  
back of mice daily for 8 days, and then the mice 
were randomly divided into the control group 
(the NC group) and the observation groups (the 
exo group, exo+NC siRNA group, and the 
exo+OIP5-AS1 group), with 10 mice in each 
group. Rats from the NC group represented the 
control group and were injected with PBS via 
tail vein. Rats from the exo group received the 
injection of exosomes secreted by OS (10 mg) 
into the tail; Rats from the exo+NC siRNA group 
received the tail injection of the negative con-
trol and exosomes; Rats from the exo+OIP5-
AS1 group received the tail injection of OIP5-
AS1 and exosomes. The tumor size was mea-
sured every 3 days until after 24 days, and then 
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the tumor was weighed and took out. Gene 
expression in the tumor tissue was quantified 
by RT-qPCR. In this study, all the animal ex- 
periments were approved by the Ethics 
Committee, and the relevant experimental 
operations were strictly in accordance with the 
Implementation Rules for the Management of 
Medical Laboratory Animals (Order No. 55 of 
the Ministry of Health of the People’s Republic 
of China).

Cell culture

Human osteosarcoma (HOS) cell strains were 
purchased from ATCC. The exosomes secreted 
by OS cells were co-cultured with HOS. Cells 
were seeded in a 6-well plate with 1 × 105 cells 
per well. Then HOS cells were transfected us- 
ing the Lipofectamine 3000 transfection kit 
(Invitrogen, Carlsbad, CA, USA) following the kit 
instructions. NC siRNA, NC mimics, OIP5-AS1 
siRNA, and miR-153 mimics were provided by 
Sangon Biotech (Shanghai) Co., Ltd.

Tests of cell migration and invasion

The tests of cell migration and invasion were 
measured by Transwell assay. Migration: Firstly, 
we seed cell into transwell upper room, and 
added DMEM with 15% FBS in transwell lower 
room. Then, the cells on the upper layer of the 
filter membrane were wiped off with cotton 
swabs after culture for 24 hours at 37°C and 
5% CO2; The filter membrane was fixed with 
methanol for 5 min and stained with crystal  
violet for 15 mins. Finally, 5 visual fields were 
randomly selected for calculating the cell num-
bers of migration. Invasion: Matrigel was added 
into Transwell upper chamber, and cells were 
added after matrigel was solidified. The follow-
ing steps are the same as the migration 
experiment.

Test of cell apoptosis

Firstly, cells were exposed to 2 mM hydrogen 
peroxide for 4 hours. Then, these cells were 
treated with Apoptosis Kit with Annexin V FITC 
and PI (ThermoFisher, Waltham, Massachu- 
setts, USA). Finally, Beamcyte flow cytometer 
(China) and CytoSYS 1.1 were used to test the 
apoptosis.

Test of angiogenesis

Human umbilical vein endothelial cell (HUVEC) 
strains purchased from ATCC were seeded into 

the cell plate pre-coated with matrigel at a den-
sity of 1 × 104 cells/well. The extracted exo-
somes were co-cultured with HUVECs and  
incubated at 37°C for 4 hours. The angiogene-
sis level was evaluated under an optical micro-
scope. Relative angiogenesis level = number of 
new blood vessels in an observation group/
number of new blood vessels in the NC group.

WB assay

Protein antibodies: Beclin 1 (1:1000), LC3B 
(1:2000), ATG5 (1:1000) and GAPDH (1:1000) 
were purchased from Abcam (UK). Firstly, cells 
were lysed by RIPA buffer and then centrifuged 
for 20 minutes. The precipitate was discarded 
and 50 μL of the supernatant was collected to 
test the protein concentration via BCA Protein 
Assay Kit (Abcam, UK). Then, the total protein 
was separated by SDS-PAGE electrophoresis, 
and the separated protein was transferred to a 
polyvinylidene fluoride membrane (EMD milli-
pore, Burlington, MA, USA). Finally, it was incu-
bated with protein antibodies for overnight at 
4°C and goat anti-rabbit antibody at room  
temperature for 1 hour, and the membrane was 
treated with the ECL luminescent solution for 
visualization. GAPDH worked as the internal ref-
erence protein. In this study, Bio-rad gel imag-
ing system was used to develop and quantita-
tively analyze protein bands.

RT-qPCR

The separation of the total RNA from tissues or 
cells followed the instructions of the Trizon 
reagent (Invitrogen, Carlsbad, CA, USA). LncRNA 
OIP5-AS1, miR-153, and ATG5 mRNA were  
subjected to the reverse transcription and 
quantified using the TaqMan One Step RT- 
qPCR kit (Solarbio, Beijing, China). The reaction 
system and procedures referred to the kit 
instructions. U6 and GAPDH genes worked as 
control genes. RNA expression was quantified 
by the QuantStudio™ 7 Flex Real-Time PCR sys-
tem (Applied Biosystems, Foster City, CA, USA). 
The relative expression of RNA was standard-
ized by the 2-ΔΔt method. The primers were 
designed and synthesized by Tiangen Biotech 
(Beijing) Co, Ltd.

Target prediction and verification

The sequences of lncRNA OIP5-AS1, miR-153, 
and ATG5 mRNA were analyzed and compared 
on the Targetscan7.2 (http://www.targetscan.
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org/vert_72/) and Starbase3.0 (http://star-
base.sysu.edu.cn/). OIP5-AS1 wild and mutant 
types and ATG5 wild and mutant types were 
constructed. After the transfection of those 
vectors, the luciferase intensity was tested 
using the dual-luciferase reporter assay sy- 
stem (Promega Corporation, Madison, WI, USA). 
The enrichment of MS2-RNA was evaluated by 
the RNA immunoprecipitation (RIP) assay. As 
shown in Figure 4, the wild types of OIP5-AS1 
and ATG5 could be bound to miR-153, and the 
mutant type underwent base mutation pro-
cessing at the predicted site.

Statistical analysis

The 5-year survival of patients with OS was 
analyzed by the K-M analysis and the log-rank 
test. If data conformed to the normal distribu-
tion via the K-S test, the comparison among 
three and more groups was analyzed by the 
one-way analysis of variance, and the post-hoc 
comparison was analyzed by the Dunnett-t  
test; The comparison between the two groups 
was analyzed by the independent samples 
t-test. The pairwise correlation between lncRNA 
OIP5-AS1, miR-153, and ATG5 was identified by 
the Pearson. A difference in statistics was rec-
ognized when the P value was below 0.05.

Results

LncRNA OIP5-AS1 was enriched in exosomes 
secreted by OS cells

In this study, the exosomes were isolated and 
extracted from OS cells. The results of charac-
terization parameters and RT-qPCR are shown 
in Figure 1. Exosomes were about 40-200 nm 
in size according to the SEM and DLS results. 
The results of FCM revealed positive results for 
exosomal surface markers (CD63, CD81, and 
TSG101). CD63, CD81 and TSG101 were all 
positive, with the percentages of 66.73%, 
64.02% and 65.15% (mean value of three 
tests) respectively. According to the RT-qPCR 
results, compared with the control group, 
lncRNA OIP5-AS1 was enriched in exosomes 
secreted by OS cells.

Regulation of exosomal lncRNA OIP5-AS1 in 
OS cells

In order to study the regulatory influence of exo-
somal lncRNA OIP5-AS1 on OS, we measured 
the biological processes, including migration, 
invasion, apoptosis, autophagy and angiogen-
esis of OS cells (Figure 2). The exosmoes 
enhanced cell migration, invasion, angiogene-
sis and autophagy, and decreased cell apopto-
sis. However, the decrease of OIP5-AS1 could 
offset the role of exosomes on OS biological 
processes. The level of lncRNA OIP5-AS1 was 
rise in the exo group than in the NC group, and 
reduced in the exo+OIP5-AS1 group than in the 
exo+NC siRNA group.

Exosomal lncRNA OIP5-AS1 regulated OS pro-
gression through miR-153 and ATG5

Nude mice models for OS were constructed to 
determine the effect of lncRNA OIP5-AS1 on OS 
in vivo. Details about the tumor size, weight, 
and differentially expressed genes within 24 
days are shown in Figure 3. The exosomes 
increased OIP5-AS1, ATG5, tumors size and 
weight, and decreased miR-153. The decrease 
of OIP5-AS1 could offset the influence of exo-
somes on OS tumors.

LncRNA OIP5-AS1 may regulate OS tumors 
through miR-153 and ATG5 according the result 
above. To determine the hypothesis, we ana-
lyzed the sequences of the three genes on 
Targetscan7.2 and Starbase3.0 and predicted 
their binding sites. As shown in Figure 4, there 
were binding sites between miR-153 and the 
3’untranslated regions of lncRNA OIP5-AS1  
and ATG5 mRNA, respectively. LncRNA OIP5-
AS1 could target miR-153 and negatively regu-
late its expression, and miR-153 could inhibit 
the post-transcriptional expression of ATG5 
through the target.

To verify whether lncRNA OIP5-AS1 regulates 
OS cells through miR-153 and ATG5, we inter-
fered with miR-153 expression in OS using miR-
153 mimics and then tested cell migration, 
invasion, autophagy, apoptosis and angiogene-
sis. As shown in Figure 5, the exosomes 

Figure 1. LncRNA OIP5-AS1 is enriched in exosomes secreted by OS cells. A. SEM image of exosomes, scale bar = 
200 nm. B. Highly enriched lncRNA OIP5-AS1 in exosomes. C. FCM test of exosomal markers including CD63, CD81, 
and TSG101. CD63, CD81 and TSG101 were all positive, with the percentages of 66.79%, 63.87% and 65.35% 
respectively. Each experiment was repeated three times.
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enhanced cell migration, invasion, angiogene-
sis and autophagy, and decreased cell apopto-
sis; The increase of miR-153 could neutralize 
the influence of exosomes on OS.

Influence of lncRNA OIP5-AS1 in the prognosis 
of OS

The levels of lncRNA OIP5-AS1, miR-153, and 
ATG5 mRNA in OS tumor tissues are shown in 
Figure 6. Higher levels of lncRNA OIP5-AS1 and 
ATG5 mRNA and lower miR-153 levels were 
detected in OS tissues than in non-OS tis- 
sues. LncRNA OIP5-AS1 levels were higher in 
OS tissues with a diameter > 8 cm than in OS 
tissues with a diameter < 8 cm. The 5-year sur-
vival in the high OIP5-AS1 group was better 
than that in the low OIP5-AS1 group. The 
Pearson method revealed that OIP5-AS1 was 
negatively related with miR-153, and miR-153 
was negatively related with ATG5 mRNA in 73 
samples of OS tissues.

Discussion

Tumors are closely affected by their microenvi-
ronment because cancer cells can secrete 
important functional factors for the tumor 
microenvironment during cell growth and pro-
gression, including cytokines and chemokines 
[21]. The microenvironment of OS cells trans-
mits information through exosomes secreted 
by the cells [22], so exosomes play an impor-
tant role in the development and progression  
of OS. Tao et al. [23] hold that EWSAT1 in exo-
somes can stimulate the sensitivity and reac- 
tivity of vascular endothelial cells, thereby 
inducing OS angiogenesis. The study by Li  
et al. [24] has suggested that linc00852 deliv-
ered by exosomes can regulate the prolifera-
tion, migration and invasion of OS cells. In this 
study, lncRNA OIP5-AS1 was expressed at 
markedly higher levels in OS tissues and was 
highly enriched in exosomes secreted by OS 
cells. Such results indicate that lncRNA OIP5-
AS1 may participate in the development of OS 
malignant tumors through exosomal delivery.

LncRNA/miRNA/mRNA axis is an important 
regulation path in the cell life cycle. LncRNA 
OIP5-AS1 is an important regulator in OS,  
which can monitor and affect the biological 
functions of cancer cells by sponging miRNAs 
such as miR-340-5p, miR-137-3p, and miR-
337-3p [14-16]. Here, we noted that lncRNA 
OIP5-AS1 bound to miR-153 through se- 
quence pairing and hence regulated the down-
stream target gene of miR-153, ATG5. During 
autophagy, the ULK1 complex activates the 
PI3K pathway, thereby inducing the ATG5-
mediated ATG12 and LC3 coupling systems 
and triggering a series of cascade reactions to 
form autophagosomes and to begin the sub- 
sequent autophagy process [25]. Therefore, 
ATG5 is an important member of autophagy 
and any changed in its expression level can 
affect autophagy activity. This study has 
revealed that the exosomal lncRNA OIP5-AS1 
enhances ATG5 expression by inhibiting the 
expression of miR-153 in OS cells and hence 
promotes cell autophagy.

Angiogenesis also plays an important role in 
OS. The results of this study showed that exo-
somes promoted angiogenesis, down-regulat-
ed exosomal lncRNA OIP5-AS1 and decreased 
OS angiogenesis, suggesting that lncRNA OIP5-
AS1 plays a significant regulatory role in the 
angiogenesis of OS. Cancer cells rely on active 
energy metabolism. Good blood circulation can 
provide sufficient oxygen and nutrients for the 
tumor microenvironment to promote cancer 
cell growth [26]. Endothelial cells are the main 
component of blood vessels and participate in 
the transportation of nutrients and oxygen  
[27]. Sprott et al. [28] has suggested that ATG5 
not only mediates autophagy, but also regu-
lates angiogenesis in vascular endothelial cells 
through reactive oxygen species-dependent 
signaling pathways. Therefore, we speculate 
that the exosomal lncRNA OIP5-AS1 may affect 
the endothelial cell’s angiogenesis by regulat-
ing the expression of ATG5 in endothelial cells.

Clinically, the 5-year survival of different lncRNA 
OIP5-AS1 expression groups was recorded and 

Figure 2. Influence of exosomal lncRNA OIP5-AS1 in OS. A. The exosomes increased OIP5-AS1, and OIP5-AS1 siRNA 
could offset that decrease resulted from exosomes. B. The exosomes increased the levels of Beclin 1 and LC3 II/I, 
and OIP5-AS1 siRNA offset the increase by exosomes. C, D. The exosomes increased the cell numbers of migration 
and invasion, and OIP5-AS1 siRNA offset the influence of exosomes on migration and invasion. E. The exosomes 
inhibited OS apoptosis, and miR-153 mimics offset the regulation of exosomes on apoptosis. F. The exosomes en-
hanced the angiogenesis of OS which could be offset by OIP5-AS1 siRNA. *P < 0.05, **P < 0.01. Each experiment 
was repeated three times.
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Figure 3. Regulatory effect of exosomal lncRNA OIP5-AS1 on OS in vivo. A. The exosomes increased tumors size and weight, and OIP5-AS1 siRNA could offset the 
influence of exosomes on OS tumors. B-E. The exosomes increased OIP5-AS1 and ATG5, and decreased miR-153; OIP5-AS1 siRNA offset the influence of exosomes 
on OIP5-AS1, ATG5 and miR-153. *P < 0.05, **P < 0.01, ***P < 0.001. Each group: n = 10; Each experiment was repeated 3 times.
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compared in this study, and a poor survival out-
come was noted in OS patients with higher 
OIP5-AS1 expression, which implied that 
lncRNA OIP5-AS1 has a possible connection 
with OS prognosis. We will conduct research 
and analysis on this possible connection in the 
future. ATG5-mediated autophagy also in- 
volves NF-κB and p53/Rb signaling pathways 
[10, 29]. Whether lncRNA OIP5-AS1 regulates 
these pathways in OS requires further re- 
search and discussion. Autophagy can facili-
tate immune escape during the development of 
cancer cells. The regulation of OS cell autopha-
gy by lncRNA OIP5-AS1 may change the immune 
system’s monitoring mechanism for OS cells, 
so the relationship between lncRNA OIP5-AS1 
and OS tumor immunity also deserves further 

analysis. The above problems may be benefi-
cial to promote the development of OS treat-
ment, and the deficiency of this study is that it 
fails to discuss these issues in depth.

In summary, highly enriched exosomal lncRNA 
OIP5-AS1 regulates angiogenesis and ATG5-
mediated autophagy in OS through miR-153 
(Figure 7), thereby participating in the forma-
tion and development of malignant tumors. 
LncRNA OIP5-AS1 may affect the clinical prog-
nosis of OS. Therefore, lncRNA OIP5-AS1 has 
high research and application value in OS.
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