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20a-5p) and plays the role of oncog
axial upstream of miR-20a-5p/

S been verified using dual luciferase reporter gene
ion (RIP), and RNA pull-down experiments. The effect of

Zssays showed that inhibition of LSINCTS5 could up-regulate miR-20a-
ed OS cells proliferation and metastasis. WB analysis and qP analysis showed that
pulated XIAP by mediating miR-20a-5p. Further cell behavior experiments
wed that LSINCTS acted as a miR-20a-5p sponge to inhibit proliferation and metastasis
by XIAP. Finally, the results of animal models in vivo showed that LSINCTS5 could
regulate the tumor growth of OS.

ca

Conclusion: LncRNA LSINCTS acts as an oncogene and promotes XIAP mediated growth
and metastasis as competitive endogenous RNA (ceRNA) in OS.
Keywords: IncRNA, LSINCTS, miR-20a-5p, osteosarcoma, growth, invasion

Introduction

Osteosarcoma (OS) is one of the most common primary bone malignant tumors in
children and adolescents.' In China’s cancer epidemiology statistics in 2015, there
wee 28,000 newly diagnosed patients with OS and 20,700 OS-related deaths. At
present, the main clinical treatment of OS is mainly surgery, but in most cases, the
tumor of patients diagnosed with OS has transferred to the lungs, which greatly
reduces the effectiveness of treatment and affects the prognosis of patients.”
Although the prognosis of some patients can be improved through radiotherapy
and chemotherapy, long-term drugs can easily lead to drug resistance and tumor
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relapse, and lower the survival of patients for the long
term.® Thus, it is a must to better understand the pathogen-
esis and molecular mechanism of OS, which will contri-
bute to the clinical treatment and prognosis of OS.

IncRNA is a non-coding RNA with a length of more than
200 nt.” Previously, IncRNA had no protein coding function
and was considered as “noise” generated by the transcription
process. However, recent studies have found that IncRNA
has differential expression in various diseases.*’ Among
them, in tumor-related studies, IncRNA plays a key role in
the diagnosis and prognosis of tumors. For example, in the
research of Li et al,'® four IncRNA linked to the prognosis of
breast carcinoma were found through the analysis of the
IncRNA co-expression network. Another study found that
IncRNA MVIH has a high value in the prognosis and clinical
pathology of cancer patients.'' Long stress-induced non-cod-
ing transcript 5 (LSINCTS) is a newly discovered IncRNA in
recent years. Previous studies have found that LSINCTS5 can
be used as a prognostic indicator for OS and plays a vital part
in tumor carcinogenesis.'> Nevertheless, the relevant
mechanism of LSINCTS in OS is still unclear.

Through online prediction, we concluded that
LSINCTS and miR-20a-5p had a targeted binding locus.
Early studies have uncovered that miR-20a-5p is weal
expression in OS and it is a potential therapeutic target fa
OS. Thus, this research was designed to seek tha
ism of LSINCTS and miR-20a-5p in O
potential targets for clinical use.

Methods and Materi

operation, trapgdports
—80°C. Thg @
before this SSQ [ ¥ cooperated with follow-up.

This test was rd%@ed by the Medical Ethics Committee of
our Guangxi Med University Cancer Hospital. All
patients were informed about this study and signed written
informed consent. The study was conducted in accordance

with the Helsinki Declaration.

Cells Culturing

Human OS cells SOSP-9607, MG-63, U20S, SAOS-2,
and bone cell line (hFOB) from American type culture
collection center (ATCC) were cultivated by DMEM

(Dulbecco modified Eagle medium), which contained
10% fetal bovine serum (FBS, Gibco, Grand Island, NY,
USA) and 100 U/mL penicillin/streptomycin. The cells
were cultivated at 37°C and 5% CO,.

Cells Transfection

The specific short hairpin RNA (shRNA) directed against
human IncRNA LSINCTS5 was cloned into pENTR TM/U6
plasmid (GenePharma, Shanghai, China) and called sh-
LSINCTS. Non-targeted shRNA (sh-NC, GenePharma) was

applied as a negative control. The fu sequence of

(ThermoFisher Scientific,
LSINCTS. An empty pcD

controls  (miR-

(Guangzhou,

of XIAP, the full-length XIAP

seq into a pDNA-3.1 vector
(T ientific) and called pcDNA-XIAP.
pD as blank control. On the basis of the

plan, all transfection was processed by
ine 3000 reagent. Stable transfected MG-63 and
OS cells were selected by a medium incorporating 0.5 mg/
G418 (Sigma-Aldrich, St. Louis, MO, USA). Stable
nsfected cells were selected for succeeding tests.

Detection of Cells Proliferation (CCK-8)
The CCK-8 kit was used to test cell proliferation. The
specific detection steps were as follows: transfected MG-
63 and U20S cells were cultivated in 96-well plates, and
cultivated for 24, 48, and 72 hours after transfection. CCK
8 analysis was conducted to test cell proliferation. The
absorbance at 450 nm was tested on the enzyme-labeling
instrument (the United States).

Cells Invasion and Migration

The BD Matrigel chamber (BD Biosciences, UK) was
used to detect cell invasion. The specific detection steps
were as follows: transfected MG-63 and U20S cells were
inoculated into a membrane chamber in a serum-free cul-
ture medium, and the medium incorporating 10% FBS was
added to the bottom chamber. After 24 hours, the cells in
the dark room were dyed through crystal violet (Sigma-
Aldrich, St. Louis, MO, USA) and counted. Cell migration
was tested by an improved two-chamber migration
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analysis chamber of 8 pm polycarbonate membrane
(Costar-Corning, New York, USA). The specific detection
steps were as follows: transfected MG-63 and U20S cells
were suspended in 200 pL. medium without serum and
inoculated in the upper compartment of the 24-well cham-
ber. Complete medium (600 pL) was put in the lower
compartment. After hatch for 12 hours, it was fixed with
methanol for 30 minutes, dyed through 0.1% crystal violet
(Amresco, USA), and calculated under a microscope.

Flow Cytometry
The transfected MG-63 and U20S cells were detected for
apoptosis by Annexin V-PE cell apoptosis detecting Kkit.
For single cell suspensions, it was necessary to digest cells
with trypsin. Then, what we needed to do was wash the
cells with cold PBS and resuspend them in binding buffer.
The concentration was adjusted to 1x106 cells/mL. After
that, the suspension of cells was absorbed by about 100
pL. Then, the cell suspension was placed in an inflow tube
(5 mL) and then incubated with Annexin V-FITC (5 pL,
BioVision, Milpitas, CA) and PI (10 pL, 20 pg/L, PI,
Sigma-Aldrich). Next, they were placed in the dark at
room temperature for 15 minutes. PBS (400 pL) was

gPCR (RT-qPCR)

According to the manufact
(Invitrogen) was applied to
cells or tissues. SYBR

. .
D lle lelatl\/e expression Value
)

RIPA buffer was applied to obtain the total protein of cells.
BCA (Thermo, PA, USA) was applied to prepare and test
the total protein of cells. The total protein was isolated on
12% SDS-PAGE and moved to PVDF membrane. The
membrane was sealed through dry milk and the total
protein was immunostained with primary antibody
X-linked inhibitor of apoptosis (XIAP) and GAPDH at
—4°C for 1 night. After incubation with a second antibody,

the signal was visualized through the chemiluminescence
testing system (Pierce, ThermoA).

Double Fluorescein Report

The following four pmiR-RB-REPORT TM vectors were
synthesized: XIAP 3'-UTR, containing miR-20a-5p puta-
tive target loci (XIAP WT-3'-UTR); XIAP 3'-UTR (XIAP
Mut-3'-UTR) with mutation binding site; Full-length
LSINCTS, including the putative target of miR-20a-5p
(LSINCT5-WT); Full-length LSINCTS containing muta-

w or normal mouse IgG as negative control. The

sample was cultivated with proteinase K, and then immu-
noprecipitated RNA was segregated. The immunoprecipi-
tated RNA was purified and then analyzed by qP to
quantify LSINCTS and miR-20a-5p.

RNA Pull-Down Experiment

1RNAg biotin-labeled RNA was put in Eppendorf (EP) tubes
by magnetic RNA-protein pull-down kit. p-Protein Pull-
Down Kit (Pierce, Rochford, IL, USA) was used. Then 500
pL of structural buffer was added, and a water bath was
conducted at 95°C for 2 minutes. The magnetic beads were
completely resuspended, and then 50 pL of the magnetic
bead suspension was put in the EP tube at 4°C overnight
and centrifuged at 3000 rpm for 3 minutes. Then, the super-
natant was removed. After adding 500 pL. RIP washing
buffer 3 times, beads, and 10 pL cell lysate were put and
laid up at ambient temperature for 1 hour. The cultured
magnetic bead-RNA-protein complex was centrifuged at
low velocity. The supernatant was obtained and rinsed 3
times with 500 pL. RIP washing buffer on the basis of the
manufacturer’s specifications. Cell lysate supernatant of 10
pL was employed to quantify miR-20a-5p.
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RNA-FISH

FISH analysis was performed using Ribo™ fluorescence
in situ cross kit (Ribobio Company, China). LSINCT5
and U6 probes were designed and synthesized by
Ribobio Company and labeled with Cy3 fluorescent
dye. According to the manufacturer’s instructions, fluor-
escence in situ cross kit was used for fluorescence
detection with a confocal laser scanning microscope
(Leica, Germany).

Nude Mouse Model in vivo

There were 15 BALA/C nude mice (4 weeks old, weight
of 18-25 g, male, Beijing Weitong Lihua Company).
Nude mice were subcutaneously injected with stable
expression of lentivirus (sh-NC), overexpression of
LSINCTS lentivirus (pcDNA-LSINCTS5), and inhibition
of expression of LSINCTS lentivirus (sh-LSINCTS) in
U20S cells (1x105/cells). The mice were subcuta-
neously inoculated into the right posterior dermis (each
n=5). The tumor size was evaluated and computed on
the basis of the following equation (volume=(maximum
diameter<minimum diameter?)/2, unit=mm?>). Mice were
euthanized by neck dislocation method 28 days a
injection. The tumor tissues were taken out an
weighed. All animal experiments had bee
by the Ethics of Guapg
University Cancer Hospital.

Committee

guide referred to the “Laborato
for ethical review of animal
2018) issued by China in 2Q1¥"

Statistical Anal
data. The inde-
inter-group compar-
pressed as a percentage
¥ expressed by y*. One-way
multi-group  comparison,
expressed as F. LS§p¢-test was used for pairwise com-
parison afterwards. Repetitive measurement and analysis
of variance was used for expression at multiple time
points, expressed as F. Bonferroni was used for post
test. Pearson test was applied to analyze the correlation
of each gene. The K-M survival curve was used to draw
the total survival condition of patients. Log rank test
was applied for analysis. There was a statistical differ-

ence with P<0.05.

Results
The Expression of LSINCTS5 in OS
Increased and the Survival Rate of

Patients Decreased
To determine the expression of LSINCTS in OS, we
tested the relative expression of LSINCTS in tumor
tissues of patients with OS. These results revealed that
the expression of LSINCTS
increased (Figure 1A), and it was also concluded that
patients with high LSINCTS exprcsgs

in OS cancer tissues

of distal
In addi-

of LSIBICTS5 on Growth and
g5t OS

o further seek the impact of LSINCTS on the
owth of OS cells, we selected OS cells with signifi-
ant expression to perform LSINCTS5 knock-down, and
served the effect on OS cells after LSINCTS knock-
down (Figure 2A). CCK-8 test showed that after
LSINCTS knock-down, the proliferation ability of OS
cells was inhibited compared with OS cells transfected
with sh-NC (Figure 2B). Transwell was used to detect
the cell invasion and migration and showed that, after
LSINCTS5 knock-down, the number of cell membrane
penetration and migration of OS cells was significantly
inhibited compared with OS cells transfected with sh-
NC (Figure 2C and D). However, flow cytometry
showed that knocking down LSINCTS induced apopto-
sis of OS cells, while transfection and injection of
pcDNA-LSINCTS reversed cell proliferation, invasion,
(Figure 2E). RNA-FISH
showed that most positive cells were located in the

migration, and apoptosis
cytoplasm and a few in the nucleus (Figure 2F).
Besides, our research also revealed that injecting stable
sh-LSINCTS subcutaneously into nude mice effectively
inhibited the growth of the tumor, while cell growth
after pcDNA-LSINCTS

accelerated injecting
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endogenous As) of miR in various studies on tumor
order to explore that LSINCTS could
bind miR through miRDB for prediction,'* we con-
cluded that miR-20a-5p and LSINCT5 had binding
locus (Figure 3A). In order to verify the relationship

between the two, we carried out an experiment to

mechanisms. [

verify it. The double luciferase report detection found
that miR-20a-5p-mimics could inhibit the fluorescence
activity of LSINCTS5-WT, while the fluorescence activ-
ity of LSINCTS5-WT co-transfected with miR-20a-5p-

100
< 80
2
;Z; 60—
[7/]
T
404
3 P=0.005
[}]
o 204 — LSINCT5 high expression
—— LSINCTS5 low expression

s used to detect the expression of LSINCTS5 in OS tissues. (B) K-M survival curve was used to plot 5-year
T5. (C) RT-qPCR was used to detect the expression of LSINCTS5 in OS cell line. *P<0.05, **P<0.01,

inhibit was obviously up-regulated, which revealed that
LSINCTS5 could specifically bind with miR-20a-5p
(Figure 3B). To further study their relationship, RIP
experiments found that LSINCTS and miR-20a-5p
could bind to Ago2 protein, and the expressions of
LSINCTS5 and miR-20a-5p bound to Ago2 were higher
than those of LSINCTS and miR-20a-5p bound to
immunoglobulin (Ig) G (Figure 3C). In addition, we
The
results showed that the enrichment of miR-20a-5p

also conducted RNA pull-down experiments.

enhanced in response to transfection with LSINCTS5-
WT, while the enrichment of miR-20a-5p changed in
LSINCT5-MUT compared with Bio-NC (Figure 3D).
Not only that, we also detected OS cells transfected
with pcDNA-LSINCTS and sh-LSINCTS. This result
also revealed that expression of miR-20a-5p in cells
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Table | Relationship Between LSINCTS5 and Pathological Data of Osteosarcoma Patients

Factors LSINCTS P
High Expression (n=40) Low Expression (n=40)

Gender 0.499
Male (n=45) 21 24
Female (n=35) 19 16

Age 0.302
218 years old (n=20) 8 12
<18 years old (n=60) 32 28

Enneking stage 0.021
-l A (n=30) 10 20
Il B-lll (n=50) 30 20

Distant metastasis 8
Yes (n=19) 14 5
No (n=61) 26 35

Tumor size 0.648
<8 cm (n=48) 23 25
>8 cm (n=32) 17

Tumor location 0.239
Femur/Tibia (n=66) 31 35
Other (n=14) 9 5

suggested that LSINCTS could specif
miR-20a-5p. For the purpose of stugii

co-transfection

miR-20a-5p-mimics with pcDNA-

LSINCTS and mi920a-5p-inhibit with sh-LSINCTS.
It was concluded that there was no obvious difference
in cell biological behavior after co-transfection com-
pared with miR-NC. Through the above research, we
revealed that LSINCTS could regulate the growth and
metastasis of OS cells by specifically binding miR-20a-

S5p. More details are shown in Figures 3 and 4.

Oa-5>p Targeted Regulation of XIAP
it the Growth of OS

iR has been proved by many studies to affect tumor
owth by targeting downstream target genes. For the
purpose of exploring the action of miR-20a-5p more dee-
ply, we predicted its target genes through online prediction
websites of Targetscan, miRDB, starBase, and
miRTarBase (Figure 5A).">17 We found that XIAP had a
targeted relationship with miR-20a-5p in all four websites
(Figure 5B). In order to conclude the targeting relationship
between miR-20a-5p and XIAP, we carried out double
luciferase activity detection. This result revealed that
miR-20a-5p-mimics could inhibit XIAP-WT fluorescence
activity, while XIAP-WT fluorescence activity co-trans-
fected with miR-20a-5p-inhibit was obviously enhanced,
which revealed that XIAP could be used as a target gene
downstream of miR-20a-5p (Figure 5C). Moreover, we
also detected the relative mRNA and protein expression
of XIAP in OS cells transfected with miR-20a-5p-mimics
and miR-20a-5p-inhibit. This result revealed that the rela-
tive mRNA and protein expression of XIAP in cells was
obviously inhibited after enhancement of miR-20a-5p,
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expression vectors (si-XIAP, pcDNA-
lls (Figure 6A). Through observation,
we found that the growth (Figure 6B), migration
(Figure 6D), and invasion (Figure 6C) of OS cells were
inhibited after XIAP knockdown, and apoptosis was
further induced (Figure 6E), while the up-regulation of
XIAP facilitated the growth, invasion, migration of OS
cells, and controlled the apoptosis, which indicated that
XIAP participated in the growth and metastasis of OS
cells. Besides, we observed the influence of si-XIAP and

MG-63 u20s

PCDNA+sh-NC
sh-LSINCTS
PCDNA-LSINCTS
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Relative invasion(%)

miR-20a-5p-inhibit and co-transfection of pcDNA-XIAP
with miR-20a-5p-mimics on cell growth and transfection
through co-transfection. The cell proliferation, invasion,
migration, and apoptosis after co-transfection had no dif-
ference compared with si-NC+pcDNA-3.1, which sug-
gested that miR-20a-5p can target and regulate XIAP to
inhibit OS growth.

Expression of miR-20a-5p and XIAP in
Patients’ Tissues and Correlation Analysis
with LSINCT5

At the end of the research, we further detected the miR-
20a-5p and XIAP in the cancer tissue of OS patients.
RT-qPCR detection revealed that the miR-20a-5p in the
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Figure 3 Specific binding of LSINCT5 to miR-20a-5p. (A) Binding locus of miR-20a-5p and LSINCTS. (B) Double
between LSINCTS5 and miR-20a-5p. (C) RIP experiment revealed the combination of LSINCT
detected by RNA pull-down. (E) RT-qPCR was used to detect the relative expression of miR

**P<0.01.

cancer tissue of OS patients was obviously reduc
(Figure 7A), while the expression of XIAP w
obviously enhanced (Figure 7B). Further correlatio

tissue of OS patients was negatively
20a-5p and positively related to XI

plan® for OS
Pnosis and survival of OS patients are

is constantly

sroblem at present.'® Therefore, it is
particularly importa® to explore the mechanism of OS
for providing potential therapy targets for clinic and
improving the prognosis of patients.

Recent studies have found that IncRNA plays an
important role in the formation and development of
various diseases.'” As a newly discovered IncRNA in
recent years, LSINCTS is located on the human 5p15.33
that

LSINCTS affects the development and progression of

chromosome. Previous research has shown

ase report determined the binding relationship
mbination of LSINCT5 and miR-20a-5p was
sh-LSINCT5 and pcDNA-LSINCTS. *P<0.05,

20a-5p. (D)
-5p in cells transfected wi

ma, ovarian cancer,20 gastric cancer,zl
eal cancer, and chronic heart failure,>?® but
elatively little research on OS at present.
owever, our study revealed that LSINCTS was highly
pressed in OS tissues and cell strains, and the 5-year
survival of patients with high expression decreased,
which was consistent with the study of He et al.'”
However, the relevant mechanism 1is still unclear.
Therefore, we conducted tests to further seek the poten-
tial mechanism of LSINCTS in OS.

First of all, to determine the impact of LSINCTS5 on
OS cells, we knocked down and increased the expres-
sion of LSINCTS5 in OS cells, respectively. The result
showed that the cell proliferation, invasion and migra-
tion after knocking down LSINCTS5 were inhibited com-
pared with the control, and cell apoptosis was further
induced. However, observation of LSINCTS5 OS cells
with up-regulated transfection showed that the cell
growth, invasion, and migration were accelerated, and
the apoptosis rate was inhibited. The low survival rate
of OS is mainly due to the fact that patients are prone to
focus metastasis. Previous studies have shown that
LSINCTS can inhibit the metastasis of lung cancer by
regulating HMGA2,?* while our research has found that

LSINCTS also has the function of inhibiting tumor cell
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eRNA has accelerated the research on
IncRNA.2° Most studies have revealed that IncRNA com-

peted with miR for the original reaction,?**®

thus causing
changes in miR transcription and expression. In this
research, we used miRDB prediction to find that miR-
20a-5p and LSINCTS had binding locus. MiR-20a-5p is
a common tumor suppressor gene. Early studies have
uncovered that miR-20a-5p is expressed in gastric cancer,-

29 lung cancer, and breast cancer, and had certain

diagnostic value.>**! In addition, the studies by Pu et al*?

and Zhao et al*® have shown that miR-20a-5p can target
KIF26B and SDC2 to inhibit multi-drug resistance of OS,
respectively. In order to conclude the relationship between
LSINCTS and miR-20a-5p, we concluded that LSINCTS
and miR-20a-5p could bind specifically through double
luciferase report. RIP and RNA pull-down experiments
both revealed that LSINCTS could bind miR-20a-5p.
Besides, the miR-20a-5p in OS cells after transfection of
pcDNA-LSINCTS and sh-LSINCTS was also changed. In
order to confirm that LSINCT5 can regulate miR-20a-5p
to inhibit the growth and metastasis of OS cells, cell
experiments were conducted and showed that the transfer

and growth of cells transfected with miR-20a-5p-mimics
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ter co-transfection of
-20a-inhibit sh-
T5 compared with the con-
trol, which indiCqgad that LSINCTS5 could regulate miR-
20a-5p to affect the'@owth and transfer of OS cells.
XIAP is one of the members of the family of inhibitors of
apoptosis proteins, which plays a role by binding to tumor
necrosis factor receptor-related factors TRAF1 and
TRAF2.>*3> Previous studies have found that XIAP is highly
expressed in various tumors and inhibited tumor cell

and

apoptosis.*®*” In addition, studies by Liu et al*® and Zheng
et al*® have shown that miR-377 and miR-320 can both target
XIAP to inhibit multi-drug resistance of OS. However, we

predicted the miR-20a-5p target gene and found that XIAP
and miR-20a-5p had binding locus. Furthermore, we
revealed the targeted relationship between the two through
double luciferase report, and verified the XIAP mRNA and
protein in OS cells transfected with miR-20a-5p-mimics and
miR-20a-inhibit. To observe the regulating function of miR-
20a-5p and XIAP, we co-transfected pcDNA-XIAP with
miR-20a-5p-mimics and si-XIAP with miR-20a-inhibit
according to the previous scheme. This results revealed that
the growth, invasion, and migration of OS cells were accel-
erated and the apoptosis rate was decreased after transfection
of pcDNA-XIAP, while the results were reversed after co-
transfection with miR-20a-5p-mimics. si-XIAP and miR-
20a-inhibit had similar situations.

At the end of the study, we also quantified tissue miR-
20a-5p and XIAP in OS. This result presented that tissue
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Figure 6 miR-20a-5p regulate; P to inhibit the gro

lation analysis, it was found that LSINCT5 was negatively
related to miR-20a-5p, and it was positively correlated
with XIAP, and there was a negative relation between the
XIAP and miR-20a-5p. This laterally confirmed that
LSINCTS acted as a miR-20a-5p sponge to control XIAP
in the development of OS. However, there are still some
shortcomings in this study. Firstly, the mechanism of

IncRNA-miR-mRNA was studied

in this research.

d metastasis of OS cell. (A) RT-gPCR was used to detect the relative expression of XIAP mRNA and protein in
IAP. (B) CCK-&experiment was used to detect the proliferation changes of cells transfected with pcDNA-XIAP, si-XIAP, and co-
iR-20a-inhibit. (C, D) Transwell test was used to detect the changes of invasion and migration ability of cells transfected with
@ miR-20a-5p-mimics and miR-20a-inhibit. (E) Flow cytometry was used to detect the induction of apoptosis of cells
nsfected with miR-20a-5p-mimics and miR-20a-inhibit. *P<0.05, **P<0.01.

Whether LSINCTS5 participates in the classical molecular
pathway is still unclear. In addition, we have not built the
LSINCT5ceRNA network, and we are not clear about
other mechanisms of LSINCTS5. Finally, the test sample
is single in this study. Previous studies have suggested that
IncRNA in blood can be used as a potential diagnostic
indicator for tumors. Therefore, we hope to carry out
bioinformatics analysis in future studies to test the expres-
sion of LSINCTS in the blood of patients with OS to
supplement our results.
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Figure 7 Expression and correlation analysis of miR-20a-5p and XIAP in OS. (A) RT-qPCR was used to Jetect the

ession of miR-20a-5p in OS cancer tissue. (B) RT-
qPCR was used to detect the expression of XIAP in OS cancer tissue. (C) Pearson was used to det

n miR-20a-5p, XIAP, and LSINCTS. *#4P<0.001.

Conclusion 6.
LncRNA LSINCTS acts as an oncogene and promotes
XIAP-mediated growth and metastasis as a miR-20a
sponge in OS.
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