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Exosomal lncAY927529 enhances prostate cancer cell proliferation and invasion 
through regulating bone microenvironment
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ABSTRACT
Exosomes mediate the interaction between cancer cells and their microenvironment, and play a 
key role in tumor development. Although exosomes can package lncRNAs to mediate extracellular 
communication, the role of exosomal lncRNA AY927529 in prostate cancer (PCa) remains unclear. 
Exosomes were extracted from normal human prostatic epithelial cell lines (BPH-1 and RWPE-1) 
and PCa cell lines (VCaP and LNCaP, DU145, PC3) by ultrahigh speed centrifugation. Results of 
Western blot indicated that Alix, HSC70 and TSGl01 protein levels were upregulated in exosomes 
derived from PCa cells. LncAY927529 level was upregulated in PCa cells and exosomes derived 
from PCa patient serum and human PCa cells. CCK-8, Transwell and Flow cytometry assays 
demonstrated that bone marrow stromal cell line (ST2) conditioned medium (ST2-CM), treated 
with exosomes derived from PCa cells with high lncAY927529 level, promoted proliferation and 
invasion of PC3 and DU145 cells, and inhibited cell apoptosis. RT-qPCR assay indicated that 
lncAY927529 level was downregulated in PC3 and DU145 cells, exosomes derived from PCa 
cells (PCa-Exo) and ST2-CM treated with PCa-Exo with low expression of lncAY927529, and over
expression of lncAY927529 had the opposite results. In addition, Western blot assay showed that 
the autophagy related protein LC3II level was increased in ST2 cells treated with exosomes 
derived from DU145 cells with high expression of lncAY927529, and LC3I protein level was 
decreased. CXCL14 acted as a RNA-binding protein of lncAY927529, and exosome-mediated 
lncAY927529 positively regulated CXCL14 levels in ST2 cells. In general, exosome-mediated 
lncAY927529 could promote PCa cell proliferation and invasion by regulating bone microenviron
ment, suggesting that exosomal lncAY927529 may be a potential molecular diagnostic marker of 
PCa.
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Introduction

Prostate cancer (PCa) is the most common malignant 
tumor of male reproductive system in European and 
American countries. According to a report, there were 
approximately 174,650 new male cases in the United 
States in 2019, and the estimated death toll was 31,620 
[1]. At present, prostate specific antigen (PSA) is the 
only clinical screening marker for PCa, but its low 
specificity, high false-positive and lack of tumor type 
specificity can easily lead to overtreatment of PCa 
[2,3]. Tumor biopsy is a common diagnostic method, 
but it can cause local damage to patients. Although 
several new agents, including abiraterone, sipuleucel- 
T, radium-223, enzalutamide and cabazitaxel were 
used to treat PCa, there were disadvantages of drug 
resistance [4]. Therefore, more accurate biomarkers of

PCa are needed clinically. Previous studies have 
shown that the development of tumors is closely 
related to the exosomes secreted by cancer cells [5,6]. 
Therefore, the study of exosomes may contribute to 
the early diagnosis of tumors and the analysis of tumor 
prognosis.

Exosomes are small membranous vesicles that 
can be secreted by most cells. They have a lipid 
bilayer structure with a diameter of about 
30 ~ 200 nm [7]. Exosomes are secreted into the 
extracellular environment through the fusion of 
intracellular multivesicular bodies (MVB) and cell 
membranes, and they can pass through the extra
cellular matrix and blood vessel walls, and are 
widely present in body fluids. Exosomes in body 
fluids can fuse with the cell membranes of
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surrounding cells to realize the circulation of bio
films and the transmission of information between 
cells [8]. Recent studies have shown that exosomes 
play an important role in many physiological and 
pathological aspects, such as tumor growth and 
metastasis, antigen presentation and repair of tis
sue damage [9–12]. Exosomes secreted by different 
cells have different components and functions, so 
they can be used as biomarkers for disease diag
nosis. Therefore, exosomes, as a means of liquid 
biopsy, have important clinical significance in the 
diagnosis of breast cancer, PCa, lung cancer and 
other malignant tumors [13].

Long non-coding RNAs (lncRNAs) are non- 
coding RNAs with a length of more than 200 
nucleotides and have no protein coding ability. 
Importantly, in many cases, lncRNAs have been 
proved to be the main regulators of gene expres
sion, and they play a key role in various biological 
functions and disease processes [14]. LncRNAs 
have a significant tissue specificity, and can regu
late the function of protein coding genes by 
recruiting chromatin modified complexes and 
interacting with miRNAs, mRNAs or proteins. 
LncAY927529, as a new lncRNA, located on chro
mosome X: 76,173,062–76,178,314, has not largely 
been reported in previous studies. A previous 
sequencing report reported that lncAY927529 
was enriched in the exosomes of all four prostate 
cancer cell lines (VCaP, LNCaP, DU145 and PC3) 
[15]. Exosomes promote cancer development by 
mediating the interaction between cancer cells 
and their microenvironment. The aim of this 
study was to investigate the biological function of 
lncAY927529 in prostate cancer (PCa)-derived 
exosomes and its role in the development of PCa.

Materials and methods

Clinical samples

Serum samples of PCa (n = 10) and male healthy 
volunteers (n = 10) were collected from the First 
Affiliated Hospital of Zhengzhou University 
(Zhengzhou, China) during March 2017 to 
September 2019. Ten Patients (49 ± 7.4 years 
old) were diagnosed with PCa in the Hospital 
without medical treatment or surgical treatment. 
In addition, 10 male volunteers who had normal

physical examinations in the hospital during the 
same period were selected to participate in the 
study. The inclusion criteria included patients age 
49 ± 7.4 years old, which met the diagnostic cri
teria for PCa; tumor staging was in Tumor 1- 
Tumor 3. The exclusion criteria included patients 
with severe cardiac insufficiency or other malig
nant tumors or incomplete clinical data. In short, 5 
mL of venous blood from each patient and parti
cipant was collected by cubital venous blood col
lection. Within 2 h after collection, the serum was 
separated by centrifugation at 2, 000 × g for 
10 min at room temperature, and the supernatant 
of each serum was transferred to store in a cen
trifuge tube without RNase and stored at −80°C 
for later use. All participants received informed 
consent, and the experiment was approved by the 
institutional review committee and ethics commit
tee of the First Affiliated Hospital of Zhengzhou 
University.

Cell culture and cell treatment

In this study, human benign prostatic hyperplasia 
cells BPH1 (# CL0350) and immortalized prostate 
epithelial cell RWPE1 (#CL0343) were purchased 
from Fenghui biological Co., Ltd. (Changsha, 
Hunan, China); human PCa cells VCap (# 
bncc341358), LNCaP (# bncc261381), DU145 (# 
bncc338240) and PC3 (# BNCC337715) were pur
chased from American Type Culture Collection 
(ATCC, Manassas, VA). Cells were all cultured in 
Roswell Park Memorial Institute-1640 medium 
(RPMI-1640) (Thermo Fisher Scientific, 
Waltham, MA, USA) supplemented with 10% 
fetal bovine serum (Thermo Fisher Scientific, 
Waltham, MA, USA), 100 units/mL penicillin, 
and 100 μg/mL streptomycin (Thermo Fisher 
Scientific, Waltham, MA, USA) at 37°C with 5% 
CO2 atmosphere. The medium was changed every 
2–3 days. When the fusion rate reached 70%, 
RPMI-1640 and non heterologous serum (Termo 
Fisher scientifc, Waltham, MA, USA) were used to 
replace the medium for 2 days. The supernatant of 
cell culture was collected to separate the extracel
lular bodies.

The mouse bone marrow stromal cell line ST-2 
was derived from the cell line preserved in our 
laboratory. ST-2 cells were cultured in MEM
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alpha medium (Termo Fisher scientifc, Waltham, 
MA, USA) containing 10% FBS serum (Termo 
Fisher scientifc, Waltham, MA, USA) and 1% anti
biotics. 293 T cells (#BNCC281963, Fenghui bio
logical Co., Ltd, Changsha, Hunan, China) were 
cultured in DMEM medium containing 10% FBS 
serum and 1% antibiotics in 5% CO2 incubator at 
37 oC.

ST2 cells were seeded in a 6-well plate with 
2 × 104 cells per well. The old medium was dis
carded the next day. After washing twice with PBS, 
the medium without FBS was added, and exo
somes secreted by different PCa cells were added 
for treatment (2 x 1010 particles/well), respectively. 
The cell culture supernatant was collected and 
used as ST2-CM-Exo; the supernatant without 
exosomes was used as control conditioned med
ium (ST2-CM).

AY927529 siRNA, pcDNA-AY927529 and corre
sponding negative controls (Scramble and 
pcDNA3.1) were purchased from GenePharma Co., 
Ltd. (Shanghai, China). The cells were inoculated into 
the culture plate. When the cell grew to about 70% 
confluence, cells were transfected with plasmid 
according to the instructions of Lipofectamine 2000 
transfection reagent (Invitrogen, Carlsbad, CA, USA).

Exosome isolation

Exosomes were separated by ultracentrifugation 
[16]. When the fusion degree of prostate cells 
reached 70%, the original medium was discarded 
and washed twice with sterile DPBS (Termo Fisher 
Scientific, Waltham, Ma, USA), and the corre
sponding 0.5% Exo-FBSTMExosome-depleted FBS 
medium was added. The supernatant was collected 
after two days of culture at 37°C, and the dead 
cells and debris were removed. Then, the super
natant using centricon plus-70 (milipore, 
American) was centrifuged at 4°C at 3, 500 x g 
for 30 min and 1, 000 x g for 2 min to concentrate 
the cell supernatant. Then 100,000 x g ultra-high 
speed centrifugation was performed twice for 
70 min. The precipitates were collected and sus
pended in 0.5 mL DPBS and stored at – 80°C.

After thawing, the serum samples were placed 
in a 1.5 mL of centrifuge tube, centrifuged at 300 x 
g for 10 min, and the supernatant was centrifuged 
at 2, 000 x g for 10 min at 4°C. The supernatant

was filtered by 0.22-μm PVDF filter, and then 
centrifuged twice at 4°C100, 000 x g for 70 min. 
The exosomes were collected and resuspended in 
0.5 mL of DPBS and stored at −80°C.

Transmission electron microscopy (TEM)

The exosome pellets were resuspended in 50 μL PBS, 
and a drop of the suspension was placed on a sheet of 
parafilm. A carbon-coated copper grid was floated 
on the drop for 5 min at room temperature. Then, 
the grid was removed, and excess liquid was drained 
by touching the grid edge against a piece of clean 
filter paper. The grid was then placed onto a drop of 
2% phosphotungstic acid with pH 7.0 for approxi
mately 5 s, and excess liquid was drained off. The 
grid was allowed to dry for several minutes and then 
examined using a JEM-1200 EX microscope (JEOL, 
Akishima, Japan) at 80 kV.

Real-time reverse transcription polymerase chain 
reaction (RT-qPCR)

Trizol (Invitrogen, Carlsbad, CA, USA) kits were 
used to extract total RNA from cells and tissues, 
and primescript ™ (Takara Biotechnology, Dalian, 
China) kits were used for reverse transcription to 
synthesize cDNA. The SYBR® Premix Ex Taq™ 
(Takara biotechnology, Dalian, China) kits were 
used for RT-qPCR detection. The reaction condi
tions were as follows: 95°C for 1 min; 94°C for 15 
s, 54°C for 30 s, 72°C for 20 s, a total of 35 cycles. 
U6 and GAPDH were used as endogenous con
trols, and the results were calculated with 2−ΔΔCt 

method. The primer sequences were as follows: 
lncRNA AY927529 forward, 5ʹ-GCC TAC GCA 
ACA GTA CTC CA-3ʹ, and reverse, 5ʹ-ATT 
GGA AAG CTG AGC CGG AT-3ʹ; CXCL14 for
ward, 5ʹ-CTG CGA GGA GAA GAT GGT TA-3ʹ, 
and reverse, 5ʹ-CTT TGC ACA AGT CTC CCA 
AC-3ʹ; GAPDH forward, 5ʹ-CTG CGA GGA GAA 
GAT GGT TA-3ʹ, and reverse, 5ʹ-CTT TGC ACA 
AGT CTC CCA AC-3ʹ.

Cell proliferation and invasion

After 48 h of transfection, the cell density was 
adjusted to 2 × 105 cells/mL and inoculated into 
96 well plate. 15 μL of CCK-8 solution was added
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at 24, 48 and 72 h after culture. The culture med
ium was discarded after 4 h of incubation. 150 μL 
of dimethyl sulfoxide (DMSO) was added to each 
well for 15 min. The absorbance at 450 nm wave
length was determined with a microplate reader 
(Molecular Devices, Shanghai, China).

Matrigel was diluted 1:5 with PBS, and the 
concentration was 3.9 μg/μL. Matrigel was coated 
on Transwell plate and incubated for 2–3 h. Then, 
200 μL of 2 × 105 cells/mL cell suspension pre
pared by serum-free medium and pre-treated with 
1 μg/mL mitomycin C (Sigma, St. Louis, MO, 
USA) were added into the upper chamber to inhi
bit cell proliferation, and 800 μL of medium con
taining 10% FBS was added to the lower chamber. 
The cells were cultured in 37°C incubator for 24 h. 
After the cells were fixed with formaldehyde solu
tion, the cells were stained with crystal violet and 
observed and counted under the microscope.

Cell apoptosis

Cell apoptosis assay was carried out according to 
the instructions of Annexin V-FITC/PI cell apop
tosis detection kit (Sigma, St. Louis, MO, USA). 
Briefly, cells (5 × 105 cells/mL) were resuspended 
in 195 μL of binding buffer. Then 10 μL of 
Annexin V-FITC and 10 μL of PI were added, 
and cells were incubated in the dark at 4°C for 
15 min. Cell apoptosis was measured with a flow 
cytometer (BD Bioscience, San Jose, CA, USA) 
according to the manufacturer’s instruction. 
Images were taken using a fluorescence micro
scopy (Nikon Ti-S, Tokyo, Japan).

Western blot assay

After 48 h of transfection, the total protein of 
tissues or cells was extracted by RIPA lysate 
buffer (Beyotime, Shanghai, China), and the pro
tein concentration of each sample was deter
mined by BCA Protein Assay Kit (Beyotime, 
Shanghai, China). The equivalent protein was 
passed through 10% polyacrylamide gel electro
phoresis (SDS-PAGE), constant pressure 80 V, 
and running gel for about 30 min. When the 
protein entered the separation gel, the voltage 
was adjusted to 120 V. After separation, the 
protein bands was transferred to the PVDF

membranes (Millipore, Bedford, MA, USA) at 
300 mA for 2 h. Then the membranes were 
sealed with 5% bovine serum albumin (BSA) at 
room temperature for 1 h, then incubated over
night at 4°C with the following primary antibo
dies: rabbit polyclonal to ALIX (ab88388, 1:300), 
rabbit monoclonal to TSG101 (ab125011, 1:400), 
Hsc70 (ab112549, 1:400), CXCL14 (ab36622, 
1:300) (Abcam, Cambridge, UK), p-ERK 
(ab229912, 1:500), LC3I (ab232940, 1:300), and 
LC3II (ab232940, 1:300) antibody. After washing 
3 times with TBST, the membranes were incu
bated with goat anti-rabbit horseradish peroxi
dase (HRP) (ab205718, 1:1000) IgG antibody at 
room temperature for 1 h. All the antibodies 
were from Abcam (Cambridge, UK). After 
TBST rinsing, ECL developer (Advansta, CA, 
USA) was exposed for development. Image J 
software (Wayne Rasband, MD, USA) was used 
for protein quantitative analysis. GAPDH was 
used as an internal reference, and the ratio of 
gray value of electrophoresis band to GAPDH 
was used as the relative expression amount of 
target protein. The experiment was repeated 
three times and the average value was taken.

Pull-down assay

In order to confirm the relationship between 
lncAY927529 and CXCL14, biotin-labeled 
AY927529 was synthesized and transfected into 
HEK293T cells. Bio- AY927529 probe was tran
scribed and purified by GenePharma Company 
(Shanghai, China) through the AmpliScribe™ T7- 
Flash™ Biotin-RNA Transcription Kit (Epicenter, 
Madison, Wisconsin, USA). After 48 h, the cells 
were washed and lysed, and then the extract was 
incubated with anti-rabies magnetism at 4°C for 
3 h. Then, the beads were washed twice with ice- 
cold buffer, three times with low salt buffer, and 
once with high salt buffer. Finally, the RNA-RNA 
complex was eluted and the RNA pull-down pro
duct was detected by specific RT-qPCR.

ELISA

The protein lysate was added to each group of cell 
samples to homogenize cells. The supernatant was 
collected after centrifugation at 8,000 × g at 4°C. The
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contents of IL-6, IL-8 and IL-10 in ST2 cells were 
measured with ELISA kits (R&D Systems, 
Minneapolis, MN, USA), and the absorbance values 
were measured at 450 nm (ELx800, BioTek, 
Vermont, USA).

Statistical analysis

Statistics were carried out using SPSS 22.0 (IBM, NY, 
USA). Results were presented as means ± SEM. Data 
comparison was carried out through Student’s t test. 
More than two groups were statistically compared 
through one-way ANOVA, and multiple comparisons 
were performed with Tukey-Kramer correction. P 
< 0.05 was considered as statistically significant 
difference.

Results

Exosomes derived from PCa cells and serum were 
isolated and detected

Electron microscopic images showed that the pur
ifed exosomes were mainly at 50 ~ 90 nm with a 
clear membrane structure (Figure 1(a)). Alix, 
TSG101 and HSC70 were the marker proteins in 
exosomes [17]. Exosomes were isolated from pros
tate cells and serum by ultracentrifugation. In 
order to identify these exosomes, we measured 
the protein levels of specific marker proteins 
(Alix, TSG101 and HSC70) in exosomes derived 
from two normal prostate cell lines (BPH1-derived 
exosomes and RWPE1-derived exosomes) and 
exosomes derived from four PCa cell lines 
(VCaP-derived exosomes, LNCaP-derived exo
somes, DU145-derived exosomes and PC3-derived 
exosomes). As shown in Figure 1(b-e), Alix, 
TSG101 and HSC70 protein levels were upregu
lated in exosomes derived from four PCa cell lines 
compared with exosomes derived from two nor
mal prostate cell lines (P < 0.05). In addition, we 
found that Alix, TSG101 and HSC70 protein levels 
were also upregulated in exosomes derived from 
PCa patient serum compared with exosomes 
derived from normal volunteer serum (Figure 1(f, 
g)) (P < 0.05). These results suggested that we did 
isolate exosomes from the samples.

LncAY927529 level was upregulated in PCa cells 
and exosomes derived from PCa cell lines and 
patient serum

Inspired by the sequencing results of others [15], 
we selected lncAY927529, which was highly 
expressed in exosomes secreted by PCa cells. In 
Figure 2(a,b), the results of RT-qPCR showed that 
lncAY927529 was upregulated in exosomes 
derived from PCa cell lines (VCaP-Exo, LNCaP- 
Exo, DU145-Exo and PC3-Exo) and it also upre
gulated in PCa cell lines (VCaP, LNCaP, DU145 
and PC3) (P < 0.05). To determine the potential of 
lncAY927529 as a molecular diagnostic marker of 
PCa, we extracted exosomes from PCa patients 
(N = 10) and normal serum samples (N = 10), 
and detected the expression level of lncAY927529 
in exosomes. And we found that lncAY927529 was 
also upregulated in the serum of prostate patients 
(n = 10) compared with male healthy volunteers 
(n = 10) (Figure 2(c)). These results showed that 
AY927529 may be a predictor of PCa.

ST2-CM treated with exosomes secreted by PC3 
and DU145 cell lines promoted proliferation and 
invasion of PC3 cells, and inhibited PC3 cell 
apoptosis

In order to reveal the role of exosomes in bone 
microenvironment, we treated mouse bone mar
row stromal cells (BMSCs) (ST2 cells) with exo
somes derived from different PCa cell lines (VCaP, 
LNCaP, DU145 and PC3), collected the condi
tioned medium of ST2 pretreated with PC3-Exo 
and DU145-Exo, and then ST2-CM was used to 
treat PC3 cells. As shown in Figure 3(a), 
lncAY927529 was upregulated in ST2 cells treated 
with exosomes derived from PCa cell lines (VCaP, 
LNCaP, DU145 and PC3) compared with exo
somes derived from normal prostate cell lines 
(BPH1 and RWPE1) and control groups (P 
< 0.05). In Figure 3(b), lncAY927529 was upregu
lated in PC3 cells treated with ST2-CM pretreated 
with PC3-Exo and DU145-Exo (P < 0.05). In addi
tion, the results of CCK-8 and Transwell assays 
revealed that ST2-CM treated with exosomes 
secreted by PC3 and DU145 cell lines promoted 
proliferation and invasion of PC3 cells, and inhib
ited PC3 cell apoptosis (Figure 3(c-e)).
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Construction of PCa cell lines with low or high 
expression of lncAY927529

LncAY927529 siRNA was transfected into PC3 
and DU145 cells to knock down of lncAY927529, 
and pcDNA-lncAY927529 was transfected into 
PC3 and DU145 cells to over expression of 
lncAY927529. As shown in Figure 4(a,b), 
lncAY927529 level was downregulated in PC3 
and DU145 cells transfected with lncAY927529 
siRNA. And lncAY927529 level was also down
regulated in exosomes derived from PC3 and 
DU145 cells with low expression of lncAY927529

(Figure 4(c,d)). LncAY927529 level was upregu
lated in PC3 and DU145 cells transfected with 
pcDNA-lncAY927529, and it also upregulated in 
exosomes derived from PC3 and DU145 cells with 
high expression of lncAY927529 (Figure 4(e-h)).

LncAY927529 in exosomes mediated the effect of 
bone stromal cells on cytokines in the 
supernatant of ST2 cells

As shown in Figure 5(a,c), the contents of IL-6, IL- 
8 and IL-10 were increased in ST2 cell supernatant

Figure 1. Alix, TSG101 and HSC70 protein levels were upregulated in exosomes derived from PCa cells and PCa patient serum. (a) 
Electron microscopic images of exosomes isolated from PCa cells. (b-e) The protein levels of Alix, TSG101 and HSC70 in the exosomes 
of normal prostatic epithelial cells (BPH1 and RWPE1) and PCa cells (VCap and LNCap, DU145, PC3) were determined by Western blot 
assay. *P < 0.05 compared with BPH1-Exo; #P < 0.05 compared with RWPE1-Exo group. (f and g) The protein levels of Alix, TSG101 
and HSC70 were measured in the exosomes derived from serum of healthy volunteers (n = 10) and PCa patients (n = 10) with 
Western blot assay. *P < 0.05 compared with normal-Exo group. N = 10, data were expressed as mean ± SEM; Student’s t test or 
one-way ANOVA was used for analyzing data.
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when ST2 cells were treated with exosomes 
derived from DU145 cells with high expression 
of lncAY927529, and they were decreased in ST2 
cell supernatant when ST2 cells were treated with 
exosomes derived from DU145 cells with low 
expression of lncAY927529.

LncAY927529 level was upregulated in ST2 cells 
treated with PC3 and DU145 cells with high 
expression of lncAY927529, and it was 
downregulated in ST2 cells treated with PC3 and 
DU145 cells with low expression of lncAY927529

To determine whether lncAY927529 was trans
ferred into bone marrow stromal cells by exo
somes secreted by cancer cells, PC3 and DU145 
cells were transfected with pcDNA-lncAY927529 
or lncAY927529 siRNA, and then ST2 cells were 
treated with exosomes derived from DU145 and 
PC3 cells. As shown in Figure 6(a,b), lncAY927529 
level was upregulated in ST2 cells treated with 
exosomes derived from DU145 and PC3 cells 
with high expression of lncAY927529, and it was 
downregulated in ST2 cells treated with exosomes 
derived from DU145 and PC3 cells with low 
expression of lncAY927529. These results sug
gested that lncAY927529 was transferred into 
bone marrow stromal cells through exosomes 
derived from PCa cells.

ST-CM treated with exosomes derived from PC3 
and DU145 cells with high lncAY927529 
promoted cell proliferation and invasion and 
inhibited cell apoptosis

The results of CCK-8 and Transwell assays showed 
that ST2-CM treated with PC3-Exo and DU145- 
Exo with high lncAY927529 expression signifi
cantly promoted PC3 and DU145 cell proliferation 
(Figure 7(a,b)) and invasion (Figure 7(c,d)) (P 
< 0.05), and ST2-CM treated with PC3-Exo or 
DU145-Exo with low lncAY927529 level signifi
cantly suppressed PC3 or DU145 cell proliferation 
(Figure 7(a,b)) and invasion (Figure 7(c,d)) (P 
< 0.05). As shown in Figure 7(e,f), the results of 
Flow cytometry assay presented that ST2-CM trea
ted with PC3-Exo or DU145-Exo with high 
lncAY927529 expression significantly inhibited 
PC3 cell apoptosis, and ST2-CM treated with 
PC3-Exo or DU145-Exo with low lncAY927529 
expression significantly enhanced PC3 cell apop
tosis (P < 0.01).

CXCL14 acted as a RBP of lncAY927529

RPIseq (http://ctsb.is.wfubmc.edu/projects/rpi- 
pred/rpipred1.php) and Pull down assay were 
used to predict and verify the relation of 
lncAY927529 and CXCL14 (Figure 8(a,b)). As 
shown in Figure 8(c,d), CXCL14 protein level or

Figure 2. Expression of lncAY927529 in exosomes secreted by different prostate cells, prostate cells and clinical serum samples. (a) 
RT-qPCR was used to detected the lncAY927529 level in the exosomes of normal prostatic epithelial cells (BPH1 and RWPE1) and PCa 
cells (VCap, LNCap, DU145 and PC3). *P < 0.05 compared with BPH1-Exo; #P < 0.05 compared with RWPE1-Exo group. (b) RT-qPCR 
was used to detected the lncAY927529 level in normal prostatic epithelial cells (BPH1 and RWPE1) and PCa cells (VCap and LNCap, 
DU145, PC3). *P < 0.05 compared with BPH1; #P < 0.05 compared with RWPE1 group. (c) The lncAY927529 level in the exosomes of 
serum of healthy volunteers (n = 10) and PCa patients (n = 10). *P < 0.05 compared with normal serum-Exo group. N = 4, data were 
expressed as mean ± SEM; Student’s t test or one-way ANOVA was used for analyzing data.
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ERK phosphorylated protein were upregulated in 
ST2 cells treated with DU145-Exo with high 
lncAY927529 expression and downregulated in 
ST2 cells treated with DU145-Exo with low 
lncAY927529 expression. CXCL14 mRNA level 
was upregulated in ST2-CM treated with exosomes 
derived from PC3 and DU145 cells with high 
expression of AY927529, it was downregulated 
treated with exosomes derived from PC3 and 
DU145 cells with low expression of AY927529 
(Supplementary Figure 1).

LncAY927529 in exosomes regulated bone 
microenvironment by mediating autophagy of 
bone stromal cells

As shown in Figure 9(a), LC3I protein level was 
downregulated in ST2 cells treated with DU145- 
Exo with high lncAY927529 level and was upre
gulated in ST2 cells treated with DU145-Exo with 
low lncAY927529 level. And LC3II protein level 
was upregulated in ST2 cells treated with DU145- 
Exo with high lncAY 927529 level and

Figure 3. LncAY927529 level was detected in ST2 cells treated with exosomes derived from different PCa cell lines, and PC3 cell 
proliferation, invasion and apoptosis were measured treated with ST2-CM pretreated with PC3-Exo and DU145-Exo. (a) ST2 cells were 
treated with exosomes derived from normal prostatic epithelial cells (BPH1 and RWPE1) and PCa cell lines (VCap, LNCap, DU145 and 
PC3), and RT-qPCR assay was used to detect lncAY927529 level in ST2 cells. *P < 0.05 compared with control group; #P < 0.05 
compared with BPH1-Exo group; &P < 0.05 compared with RWPE1-Exo group. (b) LncAY927529 level in PC3 cells was measured 
treated with ST2-CM pretreated with PC3-Exo and DU145-Exo, which was detected with RT-qPCR assay. *P < 0.05 compared with 
control conditioned medium of ST2 cells (ST2-CM) group. CCK-8 and Transwell assays were used to detect proliferation (c), invasion 
(d) and apoptosis (e) of PC3 cells treated with ST2-CM pretreated with PC3-Exo and DU145-Exo. *P < 0.05 or **P < 0.01 compared 
with ST2-CM group. N = 4, data were expressed as mean ± SEM; Student’s t test or one-way ANOVA was used for analyzing data.
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downregulated in ST2 cells treated with DU145- 
Exo with low lncAY927529 level. The autophagic 
vacuoles was increased in ST2 cells treated with 
DU145-Exo with high lncAY927529 level and 
decreased in ST2 cells treated with DU145-Exo 
with low lncAY927529 level (Figure 9(b)) 
(P < 0.05).

Autophagy mediated recycling maintained 
growth and proliferation of DU145 cells

As shown in Figure 10(a), we found that CXCL14 
level was upregulated in DU145 cells treated with 
high expression of AY927529, and it was down
regulated in cells treated with low expression of 
AY927529. Next, we detected the proliferation and

Figure 4. Effect of overexpression or knockdown of lncAY927529 on the level of lncAY927529 in PCa cells and exosomes derived 
from PCa cells. LncAY927529 siRNA, scramble (a negative control of lncAY927529 siRNA), pcDNA-lncAY927529 and pcDNA3.1 (a 
negative control of pcDNA-lncAY927529) were transfected into PC3 and DU145 cells: (a and b) LncAY927529 level was detected in 
PC3 and DU145 cells with RT-qPCR transfected with lncAY927529 siRNA or scramble. *P < 0.05 compared with scramble group. (c 
and d) LncAY927529 level was detected in PC3-Exo and DU145-Exo with RT-qPCR when PC3 and DU145 cells were transfected with 
lncAY927529 siRNA or scramble. *P < 0.05 compared with scramble-Exo group. (e and f) LncAY927529 level was detected in PC3 and 
DU145 cells with RT-qPCR transfected with pcDNA-lncAY927529 or pcDNA3.1. *P < 0.05 compared with pcDNA3.1 group. (g and h) 
LncAY927529 level was detected in PC3-Exo or DU145-Exo with RT-qPCR when PC3 and DU145 cells were transfected with pcDNA- 
lncAY927529 or pcDNA3.1. *P < 0.05 compared with pcDNA3.1-Exo group. N = 4, data were expressed as mean ± SEM; Student’s t 
test or one-way ANOVA was used for analyzing data.
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invasion of DU145 cells. CCK-8 and Transwell 
assays showed that overexpression of CXCL14 
enhanced cell proliferation and invasion, and 
knockdown of CXCL14 suppressed cell prolifera
tion and invasion (Figure 10(b,c)).

Discussion

PCa cells PC3-derived exosomes and DU145- 
derived exosomes have been described pre
viously [18,19], while whether or how these vesi
cles take part in osteogenesis remain to be

elucidated. In this research, it was reported that 
PC3-derived exosomes or DU145-derived exo
somes entered into BMSCs and enhanced cell 
proliferation and invasion, suggesting that PC3- 
derived exosomes or DU145-derived exosomes 
had the same function as their parent cells.

As a new lncRNA, lncAY927529 has not been 
largely reported in PCa cells and exosomes 
secreted by PCa cells. Therefore, our experiment 
focused on the role of lncAY92752 in the bone 
microenvironment of exosomes secreted by cancer 
cells. In our previous work, we collected the

Figure 5. The contents of inflammatory factors were detected in ST2 cells. DU145 cells were transfected with lncAY927529 siRNA, 
scramble, pcDNA-lncAY927529 and pcDNA3.1: (a-c) ELISA assay was used to detect the contents of IL-6, IL-8 and IL-10 in ST2 cells 
treated with exosomes derived from DU145 cells with low and high expression of AY927529.*P < 0.05 compared with DU145- 
pcDNA3.1-Exo group or DU145-scramble-Exo. N = 4, data were expressed as mean ± SEM; Student’s t test or one-way ANOVA was 
used for analyzing data.

Figure 6. LncAY927529 level was upregulated in ST2 cells transfected with PC3-pcDNA-AY927529-Exo, and lncAY927529 level was 
downregulated in ST2 cells transfected with PC3-AY927529 siRNA-Exo. (a and b) RT-qPCR assay was used to detect lncAY927529 
level when ST2 cells were treated with PC3-pcDNA-AY927529-Exo or PC3-scramble-Exo. *P < 0.05 compared with PC3-pcDNA3.1-Exo 
group, PC3-scramble-Exo group, DU145-pcDNA3.1-Exo group or DU145-scramble-Exo group. N = 4, data were expressed as mean ± 
SEM; Student’s t test or one-way ANOVA was used for analyzing data.
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Figure 7. ST2-CM enhanced proliferation and invasion of PC3 and DU145 cells. ST2 cells were treated with exosomes derived from 
PC3 and DU145 with knockdown of AY927529 or overexpression of AY927529 for 48 h, ST2-CM was collected, and then PC3 and 
DU145 cells were treated with ST2-CM. CCK-8, transwell assay and flow cytometry assays were uesd to detect proliferation (a and b), 
invasion (c and d) and apoptosis (e and f) of PC3 and DU145 cells. *P < 0.05 compared with PC3-pcDNA3.1-Exo group, PC3-scramble- 
Exo group, DU145-pcDNA3.1-Exo group or DU145-scramble-Exo group; **P < 0.01 compared with PC3-scramble-Exo or DU145- 
scramble-Exo group. N = 4, data were expressed as mean ± SEM; Student’s t test or one-way ANOVA was used for analyzing data.
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conditioned culture supernatant of mice treated 
with exosomes secreted by PCa cells. When ST2 
cells were recruited into bone microenvironment, 
under the interaction and regulation of condi
tioned culture supernatant and peripheral cells, 
the growth of cancer cells was finally promoted.

Chemokines are a kind of small molecule 
secreted proteins with directional migration of 
chemotactic cells, which can cause the directional 
migration of lymphocytes and play an important 
role in many physiological and pathological

processes such as embryonic development, inflam
mation, angiogenesis, tumor, AIDS and so on [20– 
22]. A study has shown that chemokines and their 
receptors were involved in the occurrence and 
metastasis of tumors [23], and the complex che
mokine system in tumor tissues affected the 
growth of tumor cells. CXCL14 is a member of 
CXC chemokine family, and CXCL14 is a chemo
kine (C-X-C Motif) ligand 14 gene (also known as 
BRAK, BMAC or Mip-2γ), located on human 
chromosome 5q31. CXCL14 was initially identified

Figure 8. Prediction and verification the relationship between CXCL14 and lncAY927529. RPIseq (http://ctsb.is.wfubmc.edu/projects/ 
rpi-pred/rpipred1.php) (a) and Pull down assay (b) were used to predict and verify the relation of lncAY927529 and CXCL14. *P 
< 0.05 compared with control or scramble AY927529 group. (c and d) Western blot assay was used to detected CXCL14 and ERK 
phosphorylated protein levels in ST2 cells treated with exosomes derived from DU145 cells with knockdown of AY927529 or 
overexpression of AY927529 for 48 h, and the conditioned medium (ST2-CM) was collected. *P < 0.05 compared with DU145- 
pcDNA3.1-Exo group or DU145-scramble-Exo group. N = 4, data were expressed as mean ± SEM; Student’s t test or one-way ANOVA 
was used for analyzing data.
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Figure 9. LncAY927529 in exosomes regulated bone microenvironment by mediating autophagy of bone stromal cells. (a) Western 
blot assay was uesd to detect LC3I and LC3II protein levels in ST2 cells treated with exosomes derived from DU145 with knockdown 
of AY927529 or overexpression of AY927529 for 48 h, and the conditioned medium (ST2-CM) was collected. (b) Autophagic vacuoles 
(%) was measured by immunofluorescence staining assay. *P < 0.05 compared with DU145-pcDNA3.1-Exo group or DU145-scramble- 
Exo group. N = 4, data were expressed as mean ± SEM; Student’s t test or one-way ANOVA was used for analyzing data.

Figure 10. Overexpression of CXCL1 enhanced the proliferation and invasion of DU145 cells. DU145 cells were transfected with 
pcDNA-CXCL14, pcDNA3.1 (a negative control of pcDNA-CXCL14), CXCL14 siRNA or scramble (a negative control of CXCL14 siRNA): 
(a) Western blot assay was used to measure CXCL14 protein level in DU145 cells. (b and c) The proliferation and invasion of DU145 
cells were detected with CCK-8 and transwell assays. *P < 0.05 compared with DU145-pcDNA3.1 group or DU145-scramble group. N 
= 4, data were expressed as mean ± SEM; Student’s t test or one-way ANOVA was used for analyzing data.
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from breast and kidney cells, and was also widely 
expressed in epithelial cells. Previous sequencing 
results showed that CXCL14 was upregulated in 
PCa tissues, which was consistent with our results 
[24,25]. However, CXCL14 plays a unique role in 
different tumors. It has been reported that it inhi
bits the growth of lung cancer and head and neck 
cancer cells in vivo, while CXCL14 promotes the 
invasiveness of breast and PCa cells. CXCL14 inhi
bits human papillomavirus (HPV) positive head 
and neck cancer by restoring the expression of 
MHC-I in tumor cells and promoting antigen- 
specific CD8+ T cell response [26]. CXCL14 is an 
important candidate gene downstream of Notch 
signaling pathway in inducing metastasis in breast 
cancer [27]. In this study, we also found that 
AY927529 was overexpressed in PCa cells, and 
the upregulation of CXCL14 protein levels in the 
bone microenvironment was due to tumor exo
somes-mediated AY927529 regulating cell perme
ability to promote prostate cancer metastasis. 
Subsequently, it was found that upregulation of 
CXCL14 protein level activated the ERK signaling 
pathway in bone microenvironment and stimu
lated autophagy of bone marrow stromal cells, 
thus regulating bone microenvironment.

Conditioned media from PC3 cells or DU145 
cells have previously been described to promote 
osteogenesis, which may be the result of osteo
blasts secreting enzymes or growth factors 
[28,29]. Our results showed that lncAY927529 
level was upregulated when exosomes derived 
from DU145 with overexpression of AY927529 
for 48 h, and the conditioned medium (ST2-CM) 
was collected. In addition, we found that overex
pression of AY927529 enhanced CXCL14 protein 
level in ST2 cells, and it activated ERK signal path
way through promoting phosphorylation of ERK 
protein level. Next, we found that CXCL14 protein 
level was also upregulated in PC3 cells when 
lncAY927529 promoted autophagy in ST2 cells 
through CXCL14 dependent pathway. Autophagy 
mediated recycling maintains cell growth and pro
liferation, and eventually led to the occurrence and 
development of PCa. Thus, there seems to be an 
exosome-mediated communication between stro
mal stem cells and PC3 cells in the local bone 
marrow microenvironment.

Autophagy is the basic catabolic process of 
cells in physiological and biological activities 
[30]. Under certain survival threatening condi
tions, such as when extracellular nutrients are 
limited, cells can digest their contents through 
lysosome mediated intracellular degradation 
pathway, a process called autophagy. Autophagy 
plays a variety of important roles, such as main
taining amino acid pool during starvation, 
renewing damaged proteins and organelles, pre
venting neurodegeneration, tumor inhibition, 
cell differentiation, clearance of intracellular 
microorganisms and regulation of innate and 
adaptive immunity [31–34]. Autophagy is also 
considered to be a dynamic process that can be 
regulated both positively and negatively in mul
tiple steps [30]. Previously, some researchers 
reported that exosomes from cancer cells can 
induce autophagy to create a favorable microen
vironment for tumor growth [35,36]. However, 
the relationship between exosomes and bone 
marrow stromal cells has not largely been 
reported in PCa. Our results showed that the 
level of light chain LC3I protein decreased, 
while LC3II protein level increased after ST2 
cells were treated with exosomes secreted by 
DU145 cells overexpressing AY927529, which 
suggested that the autophagy process was acti
vated. The light chain LC3I forms a coupled 
light chain LC3II when conjugated with phos
phatidylethanolamine (PE), which is then 
recruited into the autophagy membrane. These 
results suggested that AY927529 in the exosomes 
secreted by PCa cells could activate autophagy of 
bone marrow mesenchymal stem cells, thus reg
ulating bone microenvironment.

In conclusion, AY927529 in exosome can pro
mote the occurrence and development of PCa by 
regulating bone microenvironment, suggesting 
that lncAY927529 in exosomes has the potential 
to become a molecular diagnostic marker of PCa.
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