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Background: Long non-coding RNAs (IncRNAs) function as a class of significant media-
tors in prostate cancer (PCa), and this study mainly discussed the molecular mechanism of
IncRNA growth arrest-specific 5 (GASS5) in PCa progression and radiosensitivity.
Materials and Methods: GASS and microRNA-320a (miR-320a) levels were determined
by quantitative real-time polymerase chain reaction (QRT-PCR). Cell viability and migration
were severally examined through 3-(4, 5-dimethylthiazol-2-y1)-2, S-diphenyl tetrazolium
bromide (MTT) and transwell assays. PCa cells were treated with X-ray irradiation. Cell
survival and apoptosis rate were assayed using colony formation assay and flow cytometry,
respectively. The apoptosis-related protein and Rab GTPase 21 (R4AB21) protein levels were
measured by Western blot. The relation between miR-320a and GASS5 or RAB2I1 was
assessed via the dual-luciferase reporter assay. The effect of GASS on radiosensitivity of
PCa in vivo was evaluated by xenotransplantation assay.

Results: GASS was down-regulated in PCa tissues and cells. GAS5 overexpression suppressed
cell viability and migration while facilitated radiosensitivity of PCa cells. GASS was a molecular
sponge of miR-320a. The effects of GASS5 up-regulation on PCa cells were accomplished by
sponging miR-320a. MiR-320a targeted RAB21 and GASS5 up-regulated RAB21 expression via
targeting miR-320a. RAB21 knockdown reversed the effects of miR-320a inhibition on PCa
cells. GASS promoted the radiosensitivity of PCa by the miR-320a/R4AB21 axis in vivo.
Conclusion: Collectively, GASS restrained tumor development and expedited the radio-
sensitivity in PCa by the miR-320a/R4B21 axis, which provided a molecular regulatory
mechanism of GAS5/miR-320a/RAB21 in PCa development and radioresistance.
Keywords: GASS, prostate cancer, radiosensitivity, miR-320a, R4AB21

Introduction
Prostate cancer (PCa) is ranked as the second most prevailing cancer and the fifth
leading cause of cancer-associated death among males worldwide according to the
cancer statistics in 2018." Radiotherapy can prolong the control duration of cancer
as a frequently adjunctive therapy of surgical surgery and chemotherapy in PCa
treatments.”’ The appearance of radioresistance severely limits the therapeutic
efficacy of radiotherapy, having detrimental influence on the treatment and prog-
nosis of PCa patients.” It is essential to enhance the radiosensitivity in PCa to
develop the optional selective treatment of PCa.

Long non-coding RNAs (IncRNAs), without the ability of coding protein, are
widely involved in the regulation of various biological behaviors of human cancers
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as the oncogenes or tumor inhibitors.>® Regarding to PCa,
IncRNA SOCS2-AS1 was shown to expedite cell growth and
refrain apoptosis in PCa cells;” UCA1 down-regulation moti-
vated the radiosensitivity and retarded cell progression in
PCa via the Akt signaling;® Chen et al reported that HULC
knockdown contributed to the susceptibility of PCa cells to
irradiation through inducing autophagy.” Growth arrest-
specific 5 (GASS) is preliminarily defined as a tumor inhi-
bitor in many human cancers,'® and its down-regulation was
found in PCa.'' GAS5 could inhibit PCa development by
targeting miR-145 and regulate radiosensitivity via the inhi-
bition of miR-18a in PCa.'>!? Nevertheless, the novel mole-
cular mechanism of GASS5 in PCa progression and
radiosensitivity remains to be explored.

MicroRNAs (miRNAs) that are a group of short
ncRNAs acting as crucial mediators in the cancer process
and evolvement by targeting the 3’-untranslated regions
(UTR) of messenger RNA (mRNA).'*'° A set of
miRNAs (miR-32-5p, miR-329-3p, miR-127-3p, etc.)
was identified as diagnostic biomarkers of PCa due to
their dysregulation.'® Duan et al have discovered that
miR-498 expedited cell proliferation, migration, and inva-
sion while lessened radiosensitivity of PCa cells through
targeting PTEN.'” Wang et al showed that miR-16-5p
promoted the sensitization of PCa cells to radiation by
regulating the Cyclin D1/E1-pRb-E2F1 pathway.'® MiR-
320a was abnormally up-regulated in PCa cells," but
more researches about the biological role of miR-320a
on PCa progression and radiosensitivity are needed.

Rab GTPase 21 (RAB21) is a subunit of RAB family, in
which the members can be the targets of numerous miRNAs.
For instance, miR-200b targeted RAB family (RAB21, RAB23,
RABI8 and RAB3B) to be a potential biomarker of breast
cancer.?’ In addition, the knockdown of RAB21 could restrain
cell proliferation and trigger apoptosis of glioma cells.”'
A previous study has reported the low expression of RAB21
in PCa tissues,”> and we then made a speculation that RAB21
might participate in the regulation of PCa.

Emphatically, this report will investigate the regulatory
relationship among GASS5, miR-320a and RAB2! in the
development and radiosensitivity of PCa through the
experiments in vitro and in vivo.

Materials and Methods

Tissues Specimens and Cell Culture
Under approval
Committee of The Second Affiliated Hospital, School of

from the Institute Review Ethics

Medicine, 51 pairs of tissues (including PCa tissues and
normal paracancerous tissues) were collected from 51 PCa
patients at The Second Affiliated Hospital, School of
Medicine. These PCa specimens were divided into I+II
stages (n=21) and II+IV stages (n=30) following the
tumor stage by the American Joint Committee on Cancer
criteria (AJCC).”> Before the prostatectomy, all patients
were fully informed concerning our research purpose and
signed the written informed consent form. These tissue
samples were conserved in liquid nitrogen.

The source of all cell lines was COBIOER (Nanjing,
China), containing human PCa cell lines (DU145 and
LNCaP) and normal prostate stroma cell line WPMY-1.
Our purchase of cell lines was performed after obtaining
the authorization from the Institutional review committee
of The Second Affiliated Hospital, School of Medicine.
Cell culture was implemented in a 37°C, 5% CO, incuba-
tor using basic Roswell Park Memorial Institute-1640
(RPMI-1640; Gibco, Carlsbad, CA, USA) supplemented
with 10% fetal bovine serum (FBS; Gibco) and 1% peni-
cillin-streptomycin antibiotic solution (Gibco).

Vectors or Oligonucleotides Transfection
The sequence of GASS was amplified and inserted into
a mammalian expression vector pcDNA3.1 (Invitrogen,
Carlsbad, CA, USA) to construct the recombinant vector
pcDNA3.1-GASS5 (GASS5). MiR-320a/negative  control
(NC) mimic (miR-320a and miR-NC), miR-320a/NC inhi-
bitor (anti-miR-320a and anti-NC), small interfering RNA
(siRNA) against GAS5/NC (si-GASS5 and si-NC) were all
bought from GenePharma (Shanghai, China). When DU145
and LNCaP cells were grown to 60% coverage, cell trans-
fection was administered using the Lipofectamine3000
(Invitrogen) following the manufacture’s operating protocol.

Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)

The QuantiFast SYBR® Green PCR Kit (Qiagen, Hilden,
Germany) was used for performing the qRT-PCR reaction
using complementary DNA (cDNA) as amplified template,
which was synthesized by QuantiTect Reverse
Transcription Kit (Qiagen) after the isolation of total RNA
from tissues or cells by Trizol (Beyotime, Shanghai, China).
The fold-changes of GASS and miR-320a were analyzed by
2722 method by the respective comparison with glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) and U6.**

The primers were listed as below: GASS: 5-AACTT
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GCCTGGACCAGCTTA-3' (forward) and 5'-CAAGCCGA
CTCTCCATACCT-3' (reverse); miR-320a: 5'-GGGCTAA
AAGCTGGGTTGA-3" (forward) and 5-CAGTGCGTG
TCGTGGAGT-3' (reverse); GAPDH: 5'-ACCTGACCTGC
CGTCTAGAA-3' (forward) and 5'-TCCACCACCCTG
TTGCTGTA-3' (reverse); U6: 5-CGCTTCGGCAGCAC
ATATACTAAAATTGGAAC-3' (forward) and 5'-GCTTCA
CGAATTTGCGTGTCATCCTTGC-3' (reverse).

3-(4, 5-Dimethylthiazol-2-y1)-2,
5-Diphenyl Tetrazolium Bromide (MTT)

Assay

DU145 and LNCaP cells in the logarithmic phase were
severally plated into the 96-well plates (Corning Inc.,
Corning, NY, USA) overnight. Following cell transfection
0 h, 24 h, 48 h and 72 h, MTT (Invitrogen) was pipetted
into the wells of plates with 20 puL per well for 4 h. Then
cells were added with 200 pLL dimethyl sulfoxide (DMSO;
Beyotime) after cell supernatants were removed. At 10
min post-incubation, the absorbance (at the wavelength
of 490 nm) was recorded under a microplate reader
(Thermo Fisher Scientific, Waltham, MA, USA).

Transwell Migration Assay

The upper chamber of transwell 24-well chamber (Corning
Inc.) was seeded with 5 x 10 cells in serum-free RPMI-
1640 medium, and the medium containing 10% FBS was
added into the lower chamber in the meantime. Twenty-
four-hour later, the unmigrated cells were erased by
a sterile wet swab, then the migrated cells passed the
membranes were fastened in 4% paraformaldehyde and
dyed using crystal violet (Sangon, Shanghai, China), fol-
lowed by the photographing through a microscope with the
magnification of 100 x and the number of migrated cells
was counted.

X-Ray Irradiation Treatment

After cells were inoculated into the 24-well-plates over-
night and transfected with different groups for 24 h, X-ray
irradiation were treated to PCa cells with the different
doses (0, 2, 4, 6, and 8 Gy) through a linear accelerator
(Siemens, Princeton, NJ, USA) with the 6-MeVX photo
beam at the dose rate of 2 Gy/min.

Colony Formation Assay
Harvested cells were transplanted into the 6-well plates at
a plating density of 200 cells/well. Incubating for 14 d, the

formative colonies were fixed with methanol and stained
with crystal violet (Sangon). The colonies (over 50 cells as
a colony) were photographed by a camera and the survival
fraction was calculated according to the formula: the colo-
nies number/(inoculated cells number x plating efficiency).

Flow Cytometry
The
V-fluorescein isothiocyanate (Annexin V-FITC)/propidium
iodide (PI) kit (Sigma, St. Louis, MO, USA). The digested
cells were centrifugally (3000 rpm/min for 15 min) col-

apoptotic cells were assayed by Annexin

lected and washed with pre-cooled 1 x phosphate buffered
saline (PBS; Corning Inc.), followed by the cell resuspen-
sion in 500 pL 1 X binding buffer. Then cell suspension
was stained in line with the operating protocol of the
provider. The labeled apoptotic cells (Annexin V+/PI-
and Annexin V+/PI+) could be distinguished on the flow
cytometer (BD Biosciences, San Diego, CA, USA) and the
apoptosis rate (apoptotic cells/total cells x100%) was cal-
culated finally.

Western Blot Assay
The
Immunoprecipitation Assay (RIPA) lysis buffer (Sangon).
After the quantification by a BCA Protein Assay Kit
(Takara, Beijing, China), 40 pg proteins were mixed with

protein extraction was executed by Radio

sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) loading buffer (Takara) and separated by
SDS-PAGE (Voltage: 120V, electric current: 60 mA) for
2 h. The protein transferring was performed through poly-
vinylidene fluoride membranes (Sangon) and non-specific
protein-binding blockage was conducted in 5% non-fat
milk (Sangon) for 3 h. Afterwards, the membranes were
incubated with primary antibodies from Abcam
(Cambridge, UK) including anti-Cleaved-caspase3 (anti-
C-casp3; ab32042, 1:1000), anti-Cleaved-caspase9 (anti-
C-casp9; ab2324, 1:1000), anti-RAB21 (ab224390, 1:1000)
and internal control anti-GAPDH (ab181602, 1:3000) for 5
h at indoor temperature. The secondary antibody (Abcam,
ab205718, 1:5000) was conjugated with primary antibo-
dies for 1 h, followed by the detection of blots through the
enhanced chemiluminescence reagent (Beyotime).
Ultimately, the protein bands were imaged by ImageLab
software version 4.1 (Bio-Rad Laboratories, Hercules, CA,
USA) and the densitometry was analyzed as previously

described.?
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Dual-Luciferase Reporter Assay

In the beginning, the luciferase reporters were constructed
through molecular cloning, including wild-type and
mutant-type GASS5 (GASS5 WT and GASS5 MUT) as well
as wild-type and mutant-type R4B21 3'UTR (RAB21-WT
and RAB21-MUT). The wild-types contained the sites of
miR-320a and mutant-types indicated that the miR-320a
binding sites in wild-types were mutated. After co-
transfection of these above reporters and miR-320a or
miR-NC for 48 h, the luciferase intensity of PCa cell
lysates in the passive buffer (Promega, Madison, WI,
USA) was measured by the dual-luciferase reporter system
(Promega) complying with the manufacturer’s instruction.
The renilla acted as the normalized control for firefly
luciferase and the ratio of firefly/renilla luciferase intensity
represented the relative luciferase activity.

Xenotransplantation Assay

The purchased 5-week-old BALB/c nude mice (Vital
River Laboratory Animal Technology, Beijing, China)
were fed in specific pathogen-free cage (temperature at
18-23°C, humidness at 50-60%, and 12 h day/night
cycle), and the food and water were carefully disinfected
to provide for all mice. After 1 week, xenotransplantation
model was constructed by subcutaneously injecting 100
uL DU145 cell suspension in PBS (1 x 10° cells) stably
expressed GASS5 or vector into the back of mice with 10
mice/group. Then half mice were respectively exposed to
4 Gy X-ray irradiation every other day for 3 days, hence
all mice were divided into four groups vector, GASS,
vectort4 Gy and GAS5+4 Gy (5 mice per group).
Tumors were monitored by digital calipers and tumor
volume was weekly estimated using the formula: (length
x width?) x 0.5.%° Five weeks later, tumor weight was
measured after tumors were excised from mice sacrificed
by displacing 60% air of cage volume using the flow rate
of CO, per min in compliance with the current guideline
of the American Veterinary Medical Association (AVMA).
Following the extraction of total RNA and protein from
tumor tissues, the qRT-PCR (for GAS5 and miR-320a) and
Western blot (for RAB21) were conducted for the expres-
sion analyses of three molecules. This assay was strictly in
accordance with the Guide to the Management and Use of
Laboratory Animals issued by the National Institutes of
Health, and all operating protocols were ratified by the
Animal Ethics Committee of The Second Affiliated
Hospital, School of Medicine.

Statistical Analysis

All data were presented as the mean + standard deviation
(SD) based on three independent repetitions with N=3 per
time, and the statistical analysis was performed by SPSS 20.0.
The difference comparison relied on Student’s #-test and one-
way analysis of variance (ANOVA) followed by Tukey’s test.
P < 0.05 was regarded as a significant difference. The gra-
phics rendering was carried out using GraphPad Prism 7.

Results
The Down-Regulation of GAS5 Was

Prominent in PCa Tissues and Cells

The dysregulation of GASS in PCa was notarized by qRT-
PCR firstly. Making a comparison to normal non-
cancerous tissues, GASS5 expression was aberrantly
reduced in PCa tissues (Figure 1A). And noticeably, the
level of GASS in III+IV stage tissues (n=30) was consid-
erably lower than that in I+II stage tissues (n=21) (Figure
1B). This low expression of GASS was also shown in
DU145 and LNCaP cells relative to the normal WPMY-1
cells (Figure 1C). Positively, GAS5 was down-regulated in
PCa tissues and cells, which might be relevant to the
cancer development in PCa.

Up-Regulation of GAS5 Suppressed PCa
Cell Viability and Migration

We constructed the overexpression vector GASS to
explore the biological function of GAS5 in PCa. After
transfection of GAS5 in DU145 and LNCaP cells, qRT-
PCR exhibited its satisfactory overexpression effect on
GASS level, compared to the vector transfection group
(Figure 2A and B). Following the MTT assay, DU145
(Figure 2C) and LNCaP (Figure 2D) cells manifested the
lower cell viability as a result of GASS5 overexpression.
Similarly, the migrated DU145 cells of GASS transfection
group were overtly decreased by contrast to the vector
group (Figure 2E), and the same phenomenon was
observed in LNCaP cells (Figure 2F). Summarily, the
increase of GASS expression brought about the inhibition
of PCa cell viability and migration.

GASS5 Overexpression Contributed to

Radiosensitivity in PCa Cells
At 24 h post-transfection of GASS or vector, DU145 and
LNCaP cells were treated with X-ray irradiation (0-8 Gy) to

induce cell damage, then the effect of GASS5 on
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radiosensitivity was investigated via the analyses of cellular
processes. Colony formation assay revealed that the promo-
tion of GASS led to the apparent decline of survival fraction
after X-ray radiation (2-8 Gy) (Figure 3A and B). As regards
cell apoptosis, we found that the apoptosis rate had no
obvious change in GASS and vector groups without X-ray
irradiation, but the introduction of GASS5 remarkably
enhanced the apoptosis rate in DU145 (Figure 3C) and
LNCaP (Figure 3D) cells treated with 4 Gy of X-ray irradia-
tion. The detection of C-casp3 and C-casp9 (pro-apoptosis
markers) verified this point again. Western blot indicated that
both C-casp3 and C-casp9 protein levels were strikingly
heightened after the high expression of GAS5 when DU145
(Figure 3E) and LNCaP (Figure 3F) cells were exposed to 4
Gy radiation. All the data proved the stimulative effect of
GASS on radiosensitivity in PCa cells.

GASS5 Acted as the Molecular Sponge of
miR-320a

Subsequently, the binding sites between GASS5 and miR-
320a (CAGCUUU-GUCGAAA) were
Starbase 3.0 software (Figure 4A). The dual-luciferase repor-

predicted by

ter assay demonstrated that the normalized luciferase activ-
ities of DU145 and LNCaP cells were dramatically decreased
following GAS5 WT and miR-320a co-transfection, but
GASS5 MUT and miR-320a co-transfection made no marked
difference of luciferase activity, compared to the GASS WT
+miR-NC or GASS5 MUT+miR-NC group (Figure 4B).
QRT-PCR presented the memorable up-regulation of miR-
320a in PCa tissues (Figure 4C) and cells (DU145 and
LNCaP) (Figure 4D) by comparison with the normal tissues
and WPMY-1 cells. In addition, GASS5 overexpression
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Figure 3 GAS5 overexpression contributed to radiosensitivity in PCa cells. DU 145 and LNCaP cells were transfected with GAS5 or vector for 24 h. (A, B) Cell survival
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of apoptosis markers by Western blot (E, F) following 0 Gy radiation (without radiation) and 4 Gy radiation. *P < 0.05.

triggered the down-regulation of miR-320a expression in
DU145 (Figure 4E) and LNCaP (Figure 4F) cells. These
outcomes clarified that miR-320a was a target of GAS5 and
GASS acted as a nature sponge of miR-320a.

GASS5 Regulated Cell Viability, Migration
and Radiosensitivity of PCa Cells by
Sponging miR-320a

Through the analysis of qRT-PCR, the miR-320a level

of miR-320a transfection group was significantly higher
than that of miR-NC group in DU145 and LNCaP cells,

implying that miR-320a was successfully overexpressed
via miR-320a mimic (Figure 5A and B). The regulatory
effects of GASS5 and miR-320a on PCa cells were
investigated by the reverted experiments. As shown in
Figure 5C and D, the absorbance of GAS5+miR-320a
group was distinctly increased contrasted to GASS5
+miR-NC group in MTT assay. And the GAS5-induced
repressive effect on cell migration was rescued after the
overexpression of miR-320a in DU145 (Figure 5E) and
LNCaP (Figure S5F) cells. Besides, GASS5 transfection
aggravated the decline of survival (Figure 5G and H)
and the increase of apoptosis rate (Figure 51 and J)
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caused by X-ray radiation, whereas miR-320a up-
regulation inversed these effects. Similarly, the presence
of miR-320a the GAS5-mediated up-
regulation of C-casp3 and C-casp9 protein levels in
DU145 (Figure 5K) and LNCaP (Figure 5L) cells sub-
jected to 4 Gy X-ray irradiation. Altogether, the regula-

abrogated

tion of GASS5 on the evolvement and radiosensitivity of
PCa cells was depending on sponging miR-320a.

miR-320a Directly Targeted RAB2I and
GASS5 Positively Regulated RAB21
Expression by Targeting miR-320a

The target of miR-320a was searched by Starbase 3.0, in
which R4B21 3'UTR was found to have the target
points to bind to miR-320a in sequences (Figure 6A).
We used the dual-luciferase reporter assay to explore
whether RAB21 could combine with miR-320a. In
comparison with miR-NC transfection, miR-320a trans-
fection signally inhibited the luciferase activity of
RAB21-WT group but not RAB21-MUT group (Figure
6B), suggesting the interaction between miR-320a and
RAB21. Whereafter, we observed the clear decline of
RAB21 protein expression in PCa tissues compared
with normal tissues (Figure 6C), as well as in DU145
and LNCaP cells in contrast to WPMY-1 cells (Figure
6D). Overtly, the RAB21 protein level was decreased in
DU145 (Figure 6E) and LNCaP (Figure 6F) cells
because of miR-320a transfection. Furthermore, GASS
overexpression resulted in increase of RAB2I protein

expression, which was abolished by the enhancement
of miR-320a level (Figure 6G and H). Collectively,
RAB21 was a target of miR-320a and GASS5 promoted
the level of RAB21I through sponging miR-320a.

Down-Regulation of RAB2| Reversed the

Effects of miR-320a Inhibition on PCa Cells
We used si-RAB21 transfection to knock down RAB21 in
PCa cells, as Figure 7A and B depicted, the knockdown
efficiency of si-RAB21 was great in both DU145 and
LNCaP cells contrasted to si-NC group. After transfec-
anti-miR-320a+si-RAB21 or
matched controls, the biological regulation of miR-320a
and RAB21 in PCa cells was researched. MTT and trans-
well assays exhibited that miR-320a inhibitor notably

tion of anti-miR-320a,

reduced cell viability (Figure 7C and D) and migration
(Figure 7E and F) of DU145 and LNCaP cells, while
knockdown of RAB21 ameliorated these repressive
effects. Moreover, the X-ray irradiation-induced cell sur-
vival suppression (Figure 7G and H) and apoptosis
promotion (Figure 71 and J) were aggravated by the
miR-320a inhibitor, whereas these effects were reverted
following the RAB21 down-regulation. Also, transfection
of si-RAB21 counteracted the anti-miR-320a-motivated
accelerative effects on C-casp3 and C-casp9 protein
expression in DU145 (Figure 7K) and LNCaP (Figure
7L) cells treated with 4 Gy irradiation. Above results
suggested that the effects of miR-320a repression on

reducing cell viability and migration as well as

Cancer Management and Research 2020:12

submit your manuscript

8839

Dove


http://www.dovepress.com
http://www.dovepress.com

Ma et al Dove
A DU145 B LNCaP C DU145 D LNCaP
c 8 c 8 E 157~ vector = GAS5 T 1.57 = vector = GAS5
S . S * £ —~ GAS5+miR-NC H — GAS5+miR-NC
g Se 1 ﬁ S T S -= GAS5+miR-320a S -+ GAS5+miR-320a
=N = N <+ 1.0 < 1.0
s S o I i
&4 sa S [« S |‘
o o
g E g E % 0.5 % 0.5
5 o 2 E o 2 [ [
[ Q (=) (=)
© € 0 0.0l : 0 00 —_—
miR-NC  miR-320a miR-NC miR-320a Oh 24h 48h 72h Oh 24h 48h 72h
Em DU145 F " LNCaP G DU145 H LNCaP
% % 150 104 -+ vector -=- GASS 10 - vector =~ GAS5
° ° c —~ GAS5+miR-NC c — GAS5+miR-NC
3 2 .g - GAS5+miR-320a X -~ GAS5+miR-320a
8
o B 100 & 1 B
2 2 - =
E E 3 e 3 .
N o 50 S 01 3 o4
I S
) s 5 5
'E € @ (7]
3 3 0 .01t———— .01t —7—
O 8P O O 2P WO a0 0 2 4 6 8 0 2 4 6 8
«e® C’:,‘“\‘\"“ “(\@"51 N 0:,‘“{\‘" «\'\9“51 Radiation (Gy) Radiation (Gy)
9% cH* 9% cH*
o™ GP‘S o™ GP‘E,
| DU145 J LNCaP K 5 DU145
Il vector GAS5 El vector GAS5 ‘@ 3 Ml vector GAS5
= 3578 GASS+miR-NC = 357mm GAS5+miR-NC @ 37mm GASS+miR-NC
<30 GAS5+miR-320a S 30 GAS5+miR-320a 0 Gy 4Gy g_ GAS5+miR-320a
% %25 C-Casp3 = we e S - T - - <
@ w 20 C-Caspd ww e e e - D - - C
‘@ 15 GAPDH s i i S & W & & 5
1] vector + - - - + - - - 5
§ 10 GAS5 - + + + LI I N
< 5 miR-NC - - + - - -+ -2
0 miR320a - - - + - - - + ®
3]
(4

Radiation (Gy)

Radiation (Gy)

LNCaP

3 Il vector GAS5
B GAS5+miR-NC
0 Gy 4Gy GAS5+miR-320a
C-CaASP3 = s s v e W G w—
CCasp9 e s wn "= - W = =
GAPDH & S Bl G B b &= ==
vector + +
GAS5 -
miR-NC -
miR-320a -

N

[
[ B
+ 0+
[
[ B
+ 1+

-

Relative protein expression
o

Radiation (Gy)

C-casp3 C-casp9

Radiation (Gy)

C-casp3 C-casp9

Figure 5 GASS5 regulated cell viability, migration and radiosensitivity of PCa cells by sponging miR-320a. (A, B) The transfection efficiency of miR-320a was detected through
qRT-PCR. (C, D) MTT was applied to analyze cell viability after transfection of vector, GAS5, GAS5+miR-NC or GAS5+miR-320a. (E, F) The measurement of cell migration
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apoptosis was determined by flow cytometry. (K, L) The protein levels of C-casp3 and C-casp9 were examined by Western blot. *P < 0.05.

expediting radiosensitivity were all relieved by the down-
regulation of RAB21 in PCa cells.

GAS5 Inhibited Tumor Growth and
Facilitated the Radiosensitivity of PCa via
the miR-320a/RAB21| Axis in vivo

We designed the animal experiment by establishing the
xenotransplantation model in mice as Fig. 8A, for
researching the role of GASS5 in PCa in vivo. GASS
inhibited tumor volume and weight in established mice

model, and accentuated the 4 Gy X-ray irradiation-
induced repression of tumor growth (Fig. 8B-C).
Besides, the expression of GAS5 was boosted in GASS
groups (Fig. 8D). Inversely, GASS5 overexpression evoked
the down-regulation of miR-320a expression (Fig. 8E).
And Western blot demonstrated that RAB21 expression
was prominently higher in GASS groups than that in the
vector groups (Fig. 8F). Shortly, GASS reduced tumor
growth and enhanced radiosensitivity in PCa by the miR-
320a/RAB21 axis in vivo.
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Discussion

To our delight, the 5-year survival rate of PCa patients has
been increased in many countries all over the world, which
benefits from the radiotherapy in part.””*®* However,
searching molecular targets for elevating radiosensitivity
becomes increasingly important to overcome the acquired
radioresistance.**” Fortunately in our study, IncRNA
GASS was considered as a candidate biomarker for the
radiation treatment of PCa.

Dysregulation of IncRNAs may be responsible for the
occurrence of multiple human cancers, including PCa.*®'
It is worth noting that GASS5 is provably down-regulated
in various cancers and has the potential to be a tumor
inhibitor.>*>* With one accord, our results proved the

inhibition of GAS5 expression in PCa tissues and cells.

Additionally, Wang et al documented that the down-
regulation of GASS enhanced cell proliferation and dox-
orubicin resistance of hepatocellular carcinoma through
regulating the miR-21/PTEN signals.>
announced the inhibitory effect of GASS on tumor devel-

Long et al

opment and stimulation of chemosensitivity of ovarian
cancer was attributed to the GASS5-E2F4-PARPI-MAPK
axis.’® And GAS5 overexpression was recorded to
increase the radiosensitivity of cervical cancer cells via
the regulation of miR-106//ER3 and non-small cell lung
cancer (NSCLC) cells through decreasing the level of
miR-135b.*7"% In conformity with these statements, the
impacts of GASS5 on suppressing cell viability, migration
and promoting the radiosensitivity of PCa cells were
exhibited in our current study.
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The apoptosis rate by flow cytometry (I, J) and the assaying of apoptosis-related proteins via Western blot (K, L) were used for assessing cell apoptosis. *P < 0.05.

The roles of IncRNAs commonly depend on acting as
the sponges of miRNAs in cancers.””*® We clarified that
GASS directly targeted miR-320a and restrained the miR-
320a level. Researches of miR-320a presented the high
expression of it in several cancers and the involvement
in tumor regulation. For example, miR-320a was up-
regulated and repressed cell proliferation, metastasis in
NSCLC by PI3K/AKT signaling pathway.*' And miR-
320a was highly expressed in neuroblastoma cells and
inhibited the sensitivity of pancreatic cancer cells to
5-FU.**** Herein, miR-320a expression was aberrantly
in PCa and cells. And GASS

increased tissues

overexpression-induced inhibition of tumor progression
and promotion of radiosensitivity in PCa cells were ame-
liorated by miR-320a, insinuating the oncogenic role of
miR-320a in PCa and the effects of GASS were attained
by sponging miR-320a.

And interestingly, the combination between miRNAs
and the 3'UTR of mRNAs endows the regulatory capacity
to miRNAs in mammalian cells.***> Through the validation
of experiments, RAB2] was a target of miR-320a and
negatively regulated by miR-320a. The down-regulation of
RAB21 in PCa during this study was in accordance with the
article earlier.”” Besides, miR-320a increased cell viability
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Figure 8 GASS5 inhibited tumor growth and facilitated the radiosensitivity of PCa via the miR-320a/RAB2 [ axis in vivo. (A) The design figure of this animal experiment. (B,
C) Tumor volume (B) and weight (C) were measured in vector, GASS, vector+4 Gy or GAS5+4 Gy groups. (D, E) QRT-PCR was administrated to analyze the expression of
GAS5 and miR-320a after RNA extraction from tumor tissues. (F) Western blot was used to examine the protein expression of RAB2 [ after protein isolation from tumor

tissues. *P < 0.05.

and migration but inhibited radiosensitivity via repressing
RAB21 expression level in PCa cells. Furthermore, GASS5
acted as a sponge of miR-320a, consequently resulting in
the positive regulation of RAB21 expression. Moreover, the
assays in vivo also confirmed that GASS5 decreased tumor
growth and motivated the radiosensitivity of PCa by acting
on the miR-320a/RAB21 axis.

Conclusion

To conclude, our study unraveled the molecular mechan-
ism of IncRNA GASS in the inhibition of tumor progres-
sion and the promotion of radiosensitivity in PCa by the
miR-320a/RAB21 axis. The GASS5/miR-320a/RAB21 reg-
ulatory axis may be favorable to enhance the therapeutic
effect of radiotherapy, and GASS5 can serve as a positive

indicator in the suppression and alleviation of PCa

progression.
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