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Introduction: Emerging evidence has revealed the importance of long non-coding RNAs
(IncRNAs) in carcinogenesis. The aim of this work was to investigate the roles of IncRNA
growth arrest specific 5 (GASS) in osteosarcoma (OS) progression.

Methods: Real-time quantitative polymerase chain reaction (RT-qPCR) was performed to
explore GASS, microRNA-663a (miR-663a), and ras homolog family member B (RHOB)
expression levels in OS tissues and cells. Moreover, cell counting kit-8 assay, wound-healing
assay, and transwell invasion assay were conducted to investigate biological roles of GASS
in OS progression. In addition, mechanisms underlying the functions of GASS in OS were
investigated by bioinformatic analysis, luciferase activity reporter assay, and rescue
experiments.

Results: The GASS5 expression level was significantly decreased in OS tissues and cells
compared with normal tissues and cells, and could negatively regulate miR-663a expression.
Moreover, we found RHOB expression can be negatively regulated by miR-663a.
Overexpression of GASS and RHOB suppresses, while overexpression of miR-663a stimu-
lates, OS cell proliferation, migration, and invasion in vitro. In summary, we revealed
IncRNA GASS was a downregulated IncRNA in OS and impaired OS malignant behaviors.
In addition, this regulation relied on miR-663a and its target gene, RHOB.

Discussion: To sum up, we showed IncRNA GASS regulates OS progression via regulating
the miR-663a/RHOB axis.
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Introduction

Osteosarcoma (OS) is a major bone cancer type and mainly affects children and
adolescents."? Control of OS remains a huge challenge and thus it is necessary to
identify novel treatment markers for OS.

Long non-coding RNA (IncRNA), a type of non-coding RNA, is reported to
play crucial roles in regulating carcinogenesis.>* However, only a small part of
them have been functionally characterized. One of the main mechanisms of
IncRNA in regulating tumorigenesis is that it can serve as a sponge for
microRNA (miRNA) to regulate messenger RNA expression.’

LncRNA growth arrest specific 5 (GASS), located at chromosome 1q25.1, is
reported to play a tumor suppressive role in several cancers.®’ For example, GAS5
was reported to inhibit colorectal cancer progression in vitro and in vivo through
stimulating YAP degradation via ubiquitin modification.® Moreover, low GAS5
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expression was found negatively correlated with overall
survival of epithelial ovarian cancer patients.” Mechanisms
analyses indicated that GASS5 regulates PARP1 expression
to affect the response of epithelial ovarian cancer to
cisplatin.’

miR-663a was reported to have both tumor suppressive
and oncogenic roles in cancers.'®'" For instance, miR-
663a was found to inhibit hepatocellular carcinoma pro-
gression via targeting transforming growth factor beta 1.'°
On the contrary, miR-663a was found to have increased
expression in renal cell carcinoma and be a predictor for
shorter overall survival.''

A previous study showed GASS5 had reduced expres-
sion in OS cells, and inhibited cell migration and invasion
detailed

mechanisms related to the roles of GAS5 in OS remain

through regulating miR-203a.'> However,
to be explored. Therefore, this study was performed to

investigate the acting mechanisms of GASS in OS.

Materials and Methods

Human Tissues

OS tissues (n = 20) and paired normal tissues (n = 20)
were collected at Hunan Cancer Hospital and The
Affiliated Cancer
Medicine, Central South University. Written informed

Hospital of Xiangya School of
consent were obtained from all these 20 enrolled patients.
The study protocol was approved by the ethics committee
of Hunan Cancer Hospital and The Affiliated Cancer
Hospital of Xiangya School of Medicine, Central South
University and performed according to the Declaration of
Helsinki.

Cell Culture

Two OS cells (MG63 and LM7) and mesenchymal stem
cells (MSC) were purchased from Cell Bank of Chinese
Academy of Sciences (Shanghai, China). OS cells were
incubated in Roswell Park Memorial Institute-1640
(RPMI-1640; Thermo Fisher Scientific, Waltham, MA,
USA) in supplement with 10% fetal bovine serum (FBS;
Invitrogen, Thermo Fisher Scientific). MSC were incu-
bated in hMSC serum-free medium (SCSP-661; Cell
Bank of Chinese Academy of Science). The incubator
was maintained at 37 °C and filled with 5% CO,.

Cell Transfection
Sequences of GASS5 or RHOB were respectively

inserted into pcDNA3.1 by GenScript (Nanjing,

Jiangsu, China) to construct expression vectors.
Small interfering RNA against GASS5 (si-GASS5) and
(si-NC) were bought
GeneCopoeia (Guangzhou, Guangdong, China). miR-

corresponding  control from
663a mimic and corresponding control (NC-mimic)
were also purchased from GeneCopoeia. Cell transfec-
tion for siRNAs, miRNAs, and expression vectors was
2000 (Invitrogen)
according to the supplier’s instructions.

conducted using Lipofectamine

Real-Time Quantitative Polymerase Chain
Reaction (RT-qPCR)

TRIzol (Invitrogen) was used to extract total RNA from
tissues and cells based on the manufacturer’s instructions.
The PrimeScript RT Kit (Takara, Dalian, Liaoning, China)
was used to synthesize complementary DNA from the
extracted RNA sample. RT-qPCR using SYBR Green
(Takara) was performed with the ABI 7500 system
(Applied Biosystem, Foster City, CA, USA) to calculate
relative expression levels of GAS5, miR-663a, and RHOB.
GAPDH was employed as internal control for normaliza-
tion of the expression of GASS and RHOB, while U6
snRNA was for miR-663a. Primer sequences used were as
follows: GASS: F (5'-CCTGTGAGGTATGGTGCTGG-3'),
R (5-CTGTGTGCCAATGGCTTGAG-3"); RHOB: F (5'-C
TGCTGATCGTGTTCAGTAAGG-3'), R (5'-TCAATGTC
GGCCACATAGTTC-3"); GAPDH: F (5'-GCACCGTCA
AGGCTGAGAAC-3'), R (5'-TGGTGAAGACGCCAGTG
GA-3"); miR-663a: F (5'-CTCGCTTCGGCAGCACA-3'),
R (5-AACGCTTCACGAATTTGCGT-3"); U6 snRNA:
F (5'-GCTTCGGCAGCACATATACTAAAAT-3"), R (§'-C
GCTTCACGAATTTGCGTGTCAT-3').

Western Blot

RIPA lysis buffer containing protease inhibitor (Beyotime)
was used to extract total protein samples from tissues and
cells. The BCA kit (Beyotime) was used to quantify the
protein concentration according to the manufacturer’s pro-
tocols. Then, the protein sample was separated with 10%
SDS-PAGE and wet-transferred to PVDF membrane. After
blocking with fat-free milk, the membrane was incubated
with primary antibodies (anti-RHOB: ab53743, anti-
GAPDH: ab8245; Abcam, Cambridge, MA, USA) and
secondary antibody (ab97040; Abcam). Finally, the
BeyoECL kit (Beyotime) was employed to visualize pro-

tein signals.
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Luciferase Activity Reporter Assay
ENCORI (http://starbase.sysu.edu.cn/agoClipRNA.php?
source=IncRNA) was employed to predict miRNA targets

of GASS, and we found miR-663a was a putative target.
Messenger RNA target of miR-663a was also predicted
using ENCORI, and we found RHOB was a highly potential
target. Wild-type and mutant sequences of GAS5 or RHOB
synthesized by GenScript (Nanjing, China) were inserted
into pGL3 (Promega, Madison, W1, USA) to generate wt/mt-
GAS5/RHOB luciferase vectors. Cells were co-transfected
with luciferase vectors and synthetic miRNAs using
Lipofectamine 2000 according to the manufacturer’s instruc-
tions. Relative luciferase activities were measured with the
Dual-Luciferase Reporter Assay System (Promega) after
48 h of transfection using Renilla luciferase activity as an
internal control. Experiments were repeated in triplicate.

Cell Proliferation Assay

MTT assay was performed to detect cell viability. In brief,
cells were seeded into a 96-well plate at the density of
2 x 10* cells/well and incubated at the above-described
conditions for 24 h. Then, cells were treated with 20 puL
MTT and 150 pL dimethyl sulfoxide (DMSO) reagent at
indicated time points. Finally, the optical density was read
at 490 nm using a microplate reader.

Cell Migration Assay

Cells were seeded into a 6-well plate at the density of 5 x 10°
cells/well and maintained to 100% confluence. A scratch at
the cell monolayer was created with a pipette tip and cultured
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Figure | Decreased GASS5 expression in OS tissues and cells.

in serum-free medium. Cell images were captured at 0 and 48
h using the CX23 microscope (Olympus, Tokyo, Japan).

Cell Invasion Assay

A Transwell chamber (Corning, Corning, NY, USA)
coated with Matrigel (BD Biosciences, Franklin Lakes,
NJ, USA) was used to evaluate the cell invasion ability.
Cells in serum-free medium were seeded in the upper well,
while serum containing medium was filled into the lower
chamber. After 48 h, invaded cells were fixed by methanol
and stained by crystal violet. Invaded cell numbers were
counted under the microscope.

Statistical Analysis

GraphPad Prism 7.0 (GraphPad Software, San Diego, CA,
USA) was used for statistical analysis. Data from at least
three experiments were exhibited as mean + standard
deviation. Student’s #-test and one-way analysis of var-
iance (ANOVA) with Tukey post hoc test was used to
analyze differences in groups. P value less than 0.05 was
considered as statistical significance.

Results
LncRNA GASS Expression Level in OS

The GASS expression level in OS tissues and cells was
detected by the RT-qPCR method. The GASS expression
level was remarkedly decreased in OS tissues compared
with normal tissues (Figure 1A). In addition, the GASS5
expression level was significantly reduced in OS cells
MG63 and LM7 compared with MSC (Figure 1B).
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Notes: (A) GASS5 decreased expression in OS tissues (n = 20) compared with normal tissues (n = 20). (B) GAS5 decreased expression in OS cells (MG63 and LM7)

compared with mesenchymal stem cells (MSC). ***P < 0.001.

Abbreviations: GASS, growth arrest specific 5; MSC, mesenchymal stem cells; OS, osteosarcoma; RT-qPCR, real-time quantitative polymerase chain reaction.
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GAS5 Knockdown Stimulates OS Cell

Proliferation, Migration, and Invasion

OS cells were transfected with si-GADS, the transfection
efficacy of which was detected by the RT-qPCR method
(Figure 2A). MTT assay showed cell growth viability was
stimulated via knockdown of GASS (Figure 2B). Moreover,
OS cell migration and invasion abilities were significantly
stimulated after the knockdown of GAS5 (Figure 2C and D).
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GASS5 Overexpression Inhibits OS Cell

Proliferation, Migration, and Invasion
RT-gPCR assay showed pGASS transfection increases GASS
expression levels in OS cells (Figure 3A). MTT assay
showed OS cell growth ability was inhibited via GASS over-
expression (Figure 3B). Wound-healing assay and transwell
invasion assay indicated forced GASS5 expression suppresses
OS cell migration and invasion (Figure 3C and D).
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Figure 2 GAS5 knockdown promoted OS cell proliferation, migration, and invasion.

Notes: (A) GAS5 expression in OS cells transduced with si-GAS5 and si-NC. (B) Cell proliferation assay indicated that cell viability was stimulated after knockdown of
GAS5. (€) Wound-healing assay showed the cell migration distance was increased by si-GASS. (D) Transwell invasion assay revealed that cell invasion numbers in OS

cells were enhanced by si-GAS5. *P < 0.001, **P < 0.01.

Abbreviations: GAS5, growth arrest specific 5; OD, optical density; OS, osteosarcoma; si-GASS, small interfering RNA against GASS5; si-NC, negative control small

interfering RNA.
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Figure 3 GASS5 overexpression inhibited OS cell proliferation, migration, and invasion.
Notes: (A) GAS5 expression in OS cells transduced with pGAS5 and pcDNAS3.I. (B) Cell proliferation assay indicated that cell viability was inhibited after overexpression
of GASS5. (C) Wound-healing assay showed the cell migration distance was repressed by pGAS5. (D) Transwell invasion assay revealed that cell invasion numbers in OS

cells were reduced by pGASS5. **P < 0.001, **P < 0.01.

Abbreviations: GASS5, growth arrest specific 5; OD, optical density; OS, osteosarcoma; pGAS5, pcDNA3.| contains the sequence of growth arrest specific 5.

GAS5 Directly Interacts with miR-663a in

(ON)
ENCORI analysis indicated miR-663a was a possible tar-

get of GASS as a previous study suggested the potential of
GASS5 and miR-663a (Figure 4A)."* The RT-qPCR method
showed the miR-663a expression level was significantly
in OS
cells (Figure 4B). The luciferase activity reporter assay

upregulated cells compared with normal

showed relative luciferase activity was suppressed by
miR-663a mimic in OS cells harboring a wt-GASS5

luciferase construct (Figure 4C). Moreover, miR-663a
mimic or NC-mimic transfection did not alter the relative
luciferase activity in OS cells transfected with mt-GASS
luciferase construct (Figure 4C). In addition, GASS5 over-
expression decreases miR-663a expression level in OS
cells (Figure 4D).

miR-663a Binds with RHOB in OS

Furthermore, we showed RHOB was a target for miR-663a
through ENCORI analysis (Figure 5A). RT-qPCR assay
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Figure 4 GASS5 directly interacts with miR-663a in OS cells.

Notes: (A) Interaction between GAS5 and miR-663a. (B) RT-qPCR showed miR-663a increased expression in OS cells (MG63 and LM7) compared with mesenchymal stem
cells (MSC). (C) Luciferase activity reporter assay showed the relative luciferase activity was inhibited in OS cells transfected with wt-GAS5 luciferase vector and miR-663a
mimic. (D) RT-qPCR showed miR-663a was decreased by pGAS5 in OS cells. ***P < 0.001, **P < 0.01.

Abbreviations: GASS, growth arrest specific 5; miR-663a, microRNA-663a; MSC, mesenchymal stem cells; mt, mutant; NC-mimic, negative control for miR-663a mimic;
OS, osteosarcoma; pGAS5, pcDNA3.1 contains the sequence of growth arrest specific 5; RT-qPCR, real-time quantitative polymerase chain reaction; wt, wild-type.

indicated RHOB mRNA expression level was lower in OS
cells than in normal cells (Figure 5B). Western blot assay
results confirmed the results of the RT-qPCR assay (Figure
5C). The luciferase activity reporter assay showed miR-
663a mimic transfection inhibited the relative luciferase
activity in OS cells harboring wt-RHOB (Figure 5D). Of
note, the RT-qPCR assay showed miR-663a overexpres-
sion reduced the RHOB expression level in OS cells
(Figure 5E). Western blot also showed miR-663a mimic
transfection decreased the RHOB protein level in OS cells
(Figure 5F). Besides that, we showed GASS5 overexpres-
sion increases both mRNA and protein levels of RHOB in
OS cells (Figure 5G and H).

GASS5 Regulates OS Cell Proliferation,
Migration, and Invasion via the miR-663a/
RHOB Axis

Rescue experiments were performed to explore whether
GASS5 regulates OS malignant behaviors via the miR-
663a/RHOB axis. We found miR-663a overexpression
promotes, while RHOB overexpression inhibits, OS cell

proliferation, migration, and invasion (Figure 6A-C).
Importantly, we found miR-663a mimic transfection
could partially abolish the inhibitory effects of pGASS
and pRHOB on OS malignant behaviors (Figure 6A—C).

Discussion
Numerous IncRNAs have been reported to serve as onco-
gene or tumor suppressor genes in OS. For instance, Wu
et al found a high LINC00324 level was an indicator for
poorer overall survival of OS patients.'* Functional
experiments showed LINC00324 could promote OS pro-
gression via stabilizing WD repeat-containing protein 66
expression.'* Another study showed non-coding RNA
activated by DNA damage (NORAD) could bind with
miR-199a-3p to stimulate OS malignant behaviors."
Here, we showed IncRNA GASS5 decreased expression
in OS tissues and cells compared with normal tissues and
cells. We also investigated biological roles of GASS5 in OS
via upregulating or downregulating its expression. We
found GASS overexpression inhibits, while its knockdown
promotes, OS malignant behaviors in vitro. Our results
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Notes: (A) Interaction between RHOB and miR-663a. (B) RT-qPCR showed RHOB decreased expression in OS cells (MG63 and LM7) compared with mesenchymal stem
cells (MSC). (C) Western blot to detect RHOB expression in OS cells (MG63 and LM7) and mesenchymal stem cells (MSC). (D) Luciferase activity reporter assay showed
relative luciferase activity was inhibited in OS cells transfected with wt-RHOB luciferase vector and miR-663a mimic. (E) RT-qPCR showed RHOB was decreased by miR-
663a mimic in OS cells. (F) Western blot showed RHOB protein level can be suppressed by miR-663a mimic. (G) RT-qPCR showed RHOB was increased by pGASS5 in OS
cells. (H) Western blot indicated that RHOB protein level can be enhanced by pGASS. ***P < 0.001, **P < 0.01.

Abbreviations: GAPDH, glyceraldehyde-3-phosphate dehydrogenase; miR-663a, microRNA-663a; MSC, mesenchymal stem cells; mt, mutant; NC-mimic, negative control
for miR-663a mimic; OS, osteosarcoma; RHOB, ras homolog family member B; RT-qPCR, real-time quantitative polymerase chain reaction; wt, wild-type.

provided evidence that GASS5 plays a tumor suppressive
role in OS progression, a role identified in colorectal
cancer and epithelial ovarian cancer.®'°

It has been widely recognized that IncRNAs interact
with miRNAs to regulate cancer progression. miR-663a

was reported to have dual functions in cancers.'®'! Here,

we showed the miR-663a expression level was increased
in OS cells compared with normal cells. Moreover, inter-
action of GAS5 and miR-663a was validated by luciferase
activity reporter assay. Furthermore, miR-663a overex-
pression was shown to stimulate OS cell malignant beha-

viors, indicating an oncogenic role of miR-663a. RHOB
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Figure 6 GASS5 regulates OS cell proliferation, migration, and invasion via regulating the miR-663a/RHOB axis.

Notes: (A) Cell proliferation assay indicated that cell viability was stimulated after overexpression of miR-663a, while inhibited after overexpression of RHOB. (B) Wound-
healing assay showed the cell migration distance was increased by miR-663a mimic, while decreased by pRHOB. (C) Transwell invasion assay revealed that cell invasion
numbers in OS cells was enhanced by miR-663a mimic, while reduced by pRHOB. ***P < 0.001, **P < 0.01, *P < 0.05.

Abbreviations: GAS5, growth arrest specific 5; miR-663a, microRNA-663a; NC-mimic, negative control for miR-663a mimic; OD, optical density; OS, osteosarcoma;
pGASS, pcDNA3.| contains the sequence of growth arrest specific 5, pPRHOB, pcDNA3.| contains the coding sequence of ras homolog family member B; RHOB, ras

homolog family member B.

was found to inhibit the epithelial to mesenchymal transi-
tion of bladder cancer cells.'® We found the RHOB expres-
sion level was decreased in OS by RT-qPCR and Western
blot analyses, and its overexpression inhibits OS cell pro-
liferation, migration, and invasion. Collectively, our results
showed GASS5 regulates OS progression via the miR-663a/
RHOB axis.

Conclusion

In summary, we showed the GASS5 expression level was
significantly reduced in OS, and could regulate OS cell
proliferation, migration, and invasion through suppressing
RHOB via sponging miR-663a.
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