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Background: This study was designed to research the pot8
in osteosarcoma (OS).
Materials and methods: Quantitative real-tim

were carried out.
Results: ANRIL was remarkably upr

Migration and invasion w
and E-cadherin.
Conclusion: Our finding

ovements in surgical methods and the application of new chemotherapy drugs,
but *40% of patients still experience tumor metastasis. Therefore, it is urgently nec-
essary to identify diagnostic and prognostic biomarkers and elucidate the underlying
molecular mechanisms of OS.

Long noncoding RNAs (IncRNAs) are a class of noncoding RNA
with length >200 nucleotides that play vital roles in epigenetic regulation, cell
differentiation, etc. IncRNA dysfunction is closely related to the pathogenesis of
multiple human diseases including cancer.>® More specifically, IncRNAs have been
identified as oncogenes and as antioncogenes in OS, for instance, PCATI, 91H,
SPRY4-IT1, MALATI, and FGFR3-AS1.7"! The IncRNA antisense noncoding RNA
gene at the INK4 locus (ANRIL) was transcribed from the INK4b—ARF-INK4a
gene cluster,' which has been proven to be upregulated in multiple cancers, such as
breast cancer, cervical cancer, nasopharyngeal carcinoma, and thyroid cancer.'*-!'¢
However, the impact of ANRIL on OS biological behavior has not been studied in
depth; therefore, our study aimed to explore the roles and molecular mechanisms
of ANRIL in OS.
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Here, we demonstrated that ANRIL acts as a tumor promoter
while further showing that knockdown of ANRIL inhibited
OS cell proliferation, invasion, and migration and promoted
apoptosis through regulating Bcl-2, caspase-3, MTA1, TIMP-2,
and E-cadherin. This study provided data on the crucial roles of
ANRIL in OS growth and metastasis, potentially leading to the
use of ANRIL as an oncotherapeutic molecular target.

Materials and methods

Tissue sample

The 30 OS tissues and paired adjacent normal tissues were
obtained from patients who never received therapy prior
to surgery between January 2015 and September 2016 at
the First Affiliated Hospital of Zhengzhou University. The
specimens were immediately frozen in liquid nitrogen and
stored at —80°C until use. Diagnosis was confirmed by his-
topathological analysis of the tissues. Each patient signed an
informed consent form, and the research was conducted with
the approval of the Ethics Committee of the First Affiliated
Hospital of Zhengzhou University.

Quantitative real-time PCR (qRT-PCR)

RNAiso Plus (TaKaRa, Dalian, People’s Republic of China)
was used to extract RNA from tissues and cells, and thef@8
Nanodrop spectrophotometer (Thermo Scientific, Waltha:
MA, USA) to determine RNA concentration. Theg

and 5-TGCTCTA
for ANRIL. The

ANRIL codigh
5’-GGUC A
5’-AUAGAS AUGAGAUGACCTT-3’ (reverse).

The nontargetind@RNA (si-NC) sequences were as fol-
lows: 5'-CUCCGAAGUGUCACGUT-3" (forward) and
5’-CGUGACACGUUCGGAGAAT-3’ (reverse). The 2744
method was used to calculate the relative expression of
ANRIL, which was normalized to GAPDH expression. All
reactions were executed in triplicate.

Cell cultures and transfection

Human osteoblast hFOB1.19 cells and 4 OS cell lines (HOS,
U-208, MG63, and SAOS-2) were purchased from the
Chinese Academy of Medical Sciences (Beijing, People’s

Republic of China). hFOB1.19 cells were cultured in
Dulbecco’s Modified Eagle’s Medium at 35°C in 5% CO,,
and osteosarcoma cell lines were cultured at 37°C in 5% CO,
in Roswell Park Memorial Institute 1640 medium supple-
mented with 10% fetal bovine serum (Hyclone, Logan, UT,
USA). MG63 cells were subcultured in 6-well plates and
were transiently transfected with si-ANRIL or si-NC using
Lipofectamine 2000 (Thermo Fisher Scientific). Transfec-
tion efficiency was evaluated with real-time PCR 24 h after
transfection. The transfected cells were cultured and cell
behavior was examined.

Cell proliferation assay

sed for flow cytometric analysis. Briefly, MG63 cells were
arvested 48 h after transfection, resuspended with 400 uL.
of 1x binding buffer, and then double-stained with 5 UL
Annexin V-FITC and 10 pL PI. Lastly, a flow cytometer
(FACScan; BD Biosciences, Franklin Lakes, NJ, USA)
analysis of the sample was performed for 30 min.

Caspase-3 activity assay

A caspase activity assay kit (Beyotime) was used to measure
cellular caspase activity. Briefly, MG63 cells were harvested
48 h after treatment with si-NC or si-ANRIL, washed with
PBS, and then resuspended in cold lysis buffer. Caspase-3
substrate (5 uL) was added to the supernatant after centrifu-
gation and the mixture was incubated at 37°C in the dark
for 4 h. Finally, a microplate reader (Infinite M200, Tecan,
Mainnedorf, Switzerland) was used to measure absorbance
values and analyze apoptotic ability.

Wound-healing assay

Twenty-four hours after transfection, cells were reseeded
into 6-well plates and cultured with serum-free medium.
After cells reached 90% confluence, wounds were made
with a pipette tip by scratching of the cell monolayer. PBS
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was used to wash the wounded monolayers and remove cell
debris. At 0 and 12 h after wounding, the distance between
the 2 edges of wound was measured with micrographs.

Transwell assay

Twenty-four hours post-transfection, the cells were reseeded
into a Matrigel-coated upper chamber (8 pum pore size) of a Tran-
swell assay system (Corning, NY, USA). After the cells were
cultured for 24 h, we used a cotton swab to scrape off the nonin-
vading cells on the upper surface of the membrane and stained
the invading cells with 0.1% crystal violet. Twenty minutes after
staining, cells were counted and imaged with a microscope.

Western blot
In Western blot analysis, protein was extracted with RIPA
radio immunoprecipitation assay (RIPA) protein extrac-
tion reagent (Beyotime) containing phenylmethanesulfo-
nyl fluoride (PMSF), and the protein concentrations were
detected using a bicinchoninic acid (BCA) protein assay kit
(Thermo Fisher Scientific). Proteins were separated by sul-
fate—polyacrylamide gel lectrophoresis (SDS-PAGE) and trans-
ferred onto a polyvinylidene difluoride membrane (Millipore,
Billerica, MA, USA). The membranes were blocked in tris-
buffered saline Tween-20 (TBST) with 5% nonfat @
2 h at room temperature and then incubated with prh

Tumor tissues
(n=30)

Adjacent tissues
(n=30)

Figure | IncRNA ANRIL expression in OS tissues and cell lines.

membranes were washed 3 times with 1x TBST buffer and
then incubated with the corresponding secondary antibody at
37°C for 2 h. After being washed 3 times, the membranes were
visualized using an ECL Plus Detection Kit (Pierce, Rock-
ford, IL, USA). GAPDH served as the internal control.

Statistical analysis

SPSS 21.0 for windows (IBM Corporation, Armonk, NY,
USA) was used to analyze all data, which are presented as
mean = SD. Each experiment was repeated at least 3 times,

and differences between groupsdimmss cvaluated by the

Student’s -test or one-way a

Results
ANRIL was u

bited cell proliferation
Transfection efficiency was determined with qRT-PCR, and
the results demonstrated that the expression of ANRIL was
decreased in MG63 cells after treatment with siRNA-4ANRIL
(Figure 2A). Then, cell counting kit-8 assay was used to

sk

Relative expression
levels of ANRIL

0-

hFOB1.19 HOS U-20S MG63 SAOS-2

Notes: (A) IncRNA ANRIL expression level in 30 OS tissues compared with adjacent nontumor tissues. (B) IncRNA ANRIL expression level in 4 OS cell lines (HOS, U-20S,
MG63, and SAOS-2) and normal human osteoblast hFOBI.19 cell line was determined by qRT-PCR. The values are given as mean * SD of 3 independent experiments.

*#*Pp<0.01.

Abbreviations: IncRNA, long noncoding RNA; OS, osteosarcoma; qRT-PCR, quantitative real-time PCR.
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0.0~
Blank
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ANRIL could significantly repress MG63 cell proliferation. **P<<0.01.

Abbreviations: CCK-8, cell counting kit-8; IncRNA, long noncoding RNA; NC, negative control; qRT-PCR, quantitative r

observe the effect of decreased ANRIL on MG63 cell pro-
liferation, revealing that inhibition of ANRIL suppressed cell
proliferation (Figure 2B).

Suppression of ANRIL expression
promoted cell apoptosis

In order to investigate the effect of decreased ANRIL levels
on cell apoptosis, we carried out flow cytometric analy;
and caspase-3 activity assays. The results showed that knoc
down of ANRIL in MG63 cells resulted in a marked increas

si-ANRIL

B MG63
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24 h

'RIL was reduced compared with
siRNA-NC and untransfected

lated protein MTA1 was significantly
P-2 as well as E-cadherin levels were
ed in cells with ANRIL knocked down, compared
I cells (Figure 4D and E).

iscussion

An increasing number of studies have implicated that
IncRNAs act as fundamental regulators in diverse biologi-
cal processes, where aberrant expression was found to be
strongly linked to the tumorigenesis and progression of
human cancers, including in OS. For example, ZEB1-AS1
was confirmed to be associated with tumor size, Enneking
stage, tumor metastasis, and recurrence. Functional experi-
ments showed that ZEBI-AS1 promoted OS proliferation
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Figure 3 (A-C) Flow cytometry and caspase-3 activity assay showed that ANRIL knockdown in MGé63 cells significantly increased c ility. (D, E) Cells with

ANRIL knocked down exhibited repressed expression of Bcl-2 protein and elevated expression of caspase-3 protein. *P<<0.01.
Abbreviation: NC, negative control.
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Figure 4 (A) Wound healing assay showed that downregulating ANRIL expression dramatically decreased MG63 cell migration. (B, C) Transwell assay showed that
suppressing ANRIL expression reduced MGé63 cell invasiveness. (D, E) Cells with ANRIL knocked down exhibited increased TIMP-2 and E-cadherin protein expression and
decreased MTAI protein expression. *P<<0.05, **P<<0.01. The Original magnification, x100. Scale bars= 200 pum.

Abbreviation: NC, negative control.
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and migration by activating ZEB1 transcription.'” Elevated
expression of HULC was correlated with shorter overall
survival of patients with OS, and its suppression inhibited OS
growth.'® Additional similar functional studies have demon-
strated potent pro- and antitumorigenic activity of IncRNAs
in cancer. Thus, identifying and elucidating the biological
function and underlying the mechanisms of IncRNAs in
OS may help us to fully understand the pathogenesis of this
malignancy.

The ANRIL gene is located at chromosome 9p21, with a
size of 126.3 kb consisting of 19 exons, and encodes a 3834-
nucleotide IncRNA.!* ANRIL has been reported to be overex-
pressed and to exert protumorigenic roles in bladder cancer,
lung cancer, cervical cancer, esophageal squamous cell
carcinoma, gastric cancer, and hepatocellular carcinoma.?-2¢
Zhao et al'® reported that in thyroid cancer cells, ANRIL was
significantly upregulated and promoted invasion as well as
metastasis by attenuating the transforming growth factor B
(TGF-B)/Smad signaling pathway. Additionally, ANRIL was
discovered to be upregulated in colorectal cancer tissues, and
knockdown of it could inhibit cell proliferation, migration,
and invasion.”” All of these discoveries suggest that ANRIL
can function as an oncogene. However, to the best of our
knowledge, the roles of ANRIL in OS, in particular, h:
not been previously examined.

Here, our study demonstrated that ANRIL expi4
markedly higher in human OS tissues and cg

where there was no ¢
downregulation g

rease caspase-3 expression in bladder
cancer.? In line these findings, mechanistic investiga-
tions in present stud® suggested that the antigrowth and
proapoptotic effects of ANRIL occurred via increased Bcl-2
expression and decreased caspase-3 expression. Wound
healing and Transwell assays demonstrated that downregu-
lation of ANRIL expression attenuated the migration and
invasion ability of MG63 cells. A review of the literature
have revealed several genes were dysregulated after ANRIL
silencing in ovarian cancer cells, including MTA1, TIMP-2,
and E-cadherin.? To investigate the mechanisms by which

ANRIL affected migration and invasion of OS cells, we
conducted an initial, tentative analysis of these genes. Sur-
prisingly, we discovered that MTA 1 protein expression was
significantly decreased in OS cells with ANRIL knocked
down, while TIMP-2 and E-cadherin levels were increased,
suggesting that ANRIL promoted OS cell migration and inva-
sion maybe partly through upregulating MTA1 and downreg-
ulating TIMP-2 and E-cadherin.

Conclusion
Taken together, we have shown that 2

as well as
regulation of
findings improve
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