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Osteosarcoma is the most common primary malignant bone tumor and has a high fatality rate in children
and adolescents. Recently, an increasing amount of evidence has demonstrated that IncRNAs have crucial
roles in regulating biological characteristics in malignant tumors. Therefore, this research was carried out
to uncover the biological function and the potential molecular mechanism of SNHG12 in osteosarcoma.
In this study, we found that SNHG12 was significantly upregulated in both osteosarcoma tissues and cell

fey‘évlg/r\d?NHclz lines and osteosarcoma patients with high levels of SNHG12 tended to have a poor prognosis. We
[;;—]95-5[) evaluated the biological function of SNHG12 in 143B and U20S cells and show that the downregulation of
Notch2 SNHG12 suppressed cell proliferation by blocking cell cycle progression at the GO/G1 phase and weak-
Osteosarcoma ened cell invasion and migration abilities. Dual-luciferase reporter and RIP assays were conducted to

confirm that SNHG12 functioned as a ceRNA, modulating the expression of Notch2 by sponging miR-195-
5p in osteosarcoma. We further demonstrate that Notch2 played a crucial role in activating the Notch
signaling pathway. In conclusion, SNHG12 might serve as a valuable biomarker and prognosis factor in
osteosarcoma patients. The SNHG12/miR-195-5p/Notch2-Notch signaling pathway axis might become a

novel therapeutic for osteosarcoma.

© 2017 Published by Elsevier Inc.

1. Introduction

Osteosarcoma is the most common primary malignant bone
tumor and has a high fatality rate in children and adolescents [1].
Although the incidence of osteosarcoma is relatively low (about 6%
of all childhood cancers) compared with other malignant tumors,
the five-year survival rate is significantly poor [2]. During the first
half of the 20th century, the five-year survival rate for osteosarcoma
patients was less than 20% due to the highly invasive nature of this
disease and the rapid lung metastasis that occurs during the first
stage of its progression [3]. Despite the recent advances in multi-
modal therapeutics of osteosarcoma, the outcomes are still unsat-
isfactory [4]. Therefore, it is urgent for us to explore new
therapeutic targets and novel approaches to osteosarcoma.

Long non-coding RNAs (IncRNAs) are longer than 200 nucleo-
tides and highly conserved across mammalian species [5,6].
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Recently, numerous studies have uncovered that IncRNAs are
related to multiple cellular biological processes, such as cell cycle,
cell invasion, and cell migration, and especially to cancer devel-
opment and progression [7—9]. Accumulating evidence also in-
dicates that the ectopic expression of IncRNAs correlates with
tumorigenesis and metastasis in a variety of tumors, including os-
teosarcoma [10,11]. For example, Liu et al. [ 12] not only showed that
the IncRNA HOXA11-AS was significantly upregulated in gastric
cancer but also demonstrated that HOXA11-AS promoted gastric
cancer progression and metastasis by partially regulating B-catenin
and KLF2. Zhang et al. [13] found high levels of IncRNA FOXC2-AS1
and its antisense transcript FOXC2 in osteosarcoma and further
proved that FOXC2-AS1 promoted doxorubicin resistance by
increasing FOXC2 in osteosarcoma. Therefore, IncRNAs may serve as
novel and effective therapeutic targets for cancer.

LncRNAs have been shown to regulate gene expression through
complicated manners, including gene imprinting, dosage
compensation and transcriptional or post-transcriptional process-
ing [14]. In addition to acting directly on the target gene, competing
endogenous RNAs (ceRNAs), a novel regulatory mechanism, have
been identified in numerous studies and are characterized as
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IncRNAs that acts as molecular sponges for microRNAs (miRNAs) to
regulate the target genes of miRNAs [15,16]. Lu et al. [17] reported
that the downregulation of IncRNAO0673 suppressed the expres-
sion of ZEB1 by sponging miR-150-5p, thus inhibiting the pro-
gression of lung cancer. Similarly, IncRNA CRNDE was proven to
function as a ceRNA to regulate the level of E2F3 via the sponging of
miR-145 in gastric cancer [18].

Recently, small nucleolar RNA host gene 12 (SNHG12) was re-
ported by numerous studies to be upregulated in various types of
cancers, including osteosarcoma [19—21]. Furthermore, Lan et al.
[22] demonstrated that SNHG12 functioned as a ceRNA for miR-
199a/b-5p to promote tumorigenesis and metastasis in hepatocel-
lular carcinoma. Whether SNHG12 also functions as a ceRNA to
regulate the tumorigenesis and metastasis of osteosarcoma is still
unknown. Therefore, it is urgent to investigate this hypothesis.

2. Materials and methods
2.1. Tissue sample collection

We collected 25 samples of osteosarcoma and matched adjacent
non-tumor tissues from Renmin Hospital of Wuhan University and
6 samples were collected from Dongfeng General Hospital between
June 2009 and June 2012. All tissues were obtained and then stored
at —80 °C in liquid nitrogen immediately until use. The detailed
parameters of all the patients are shown in Table 1. The patients
that participated in our research did not undergo any chemo-
therapy, radiotherapy or immunotherapy before surgery. Patients
were followed up every 3—5 months until 5 years post-surgery.

2.2. Cell culture

The human osteosarcoma cell lines (143B, U20S, MG63 and

Table 1
Correlation between SNHG12 levels and clinical features in osteosarcoma patients.
Variable Total No. (n = 31) Relative SNHG12 expression P value
Low (n = 15) High (n=16)

Gender
Male 17 8 9 0.870
Female 14 7 7

Age (years)
<20 22 11 11 0.779
>20 9

Histologic subtype
Osteoblastic 16 7 9 0.298
Chondroblastic 10 4 6
Fibroblastic 5 4 1

Anatomical site
Femure 13 7 6 0.926
Tibia 11 5 6
Humerus 4 2 2
Others 3 1 2

Tumor grade
Low 12 9 3 0.018°
High 19 6 13

Enneking stage
[ 8 6 2 0.038°
1 15 8 7
11 8 1 7

Tumor size (cm)
<8 17 12 0.006"
>8 14 3 11

Metastasis
No 10 8 0.015°
Yes 21 7 14

2 P<0.05.

b P<001.

HOS) and normal human osteoblast cell line (hFOB) were pur-
chased from the Cell Bank of Type Culture Collection (Shanghai,
China). All cell lines were cultured in DMEM (HyClone, Logan, USA)
supplemented with 10% fetal bovine serum (FBS, Gibco, NY, USA),
100 U/ml penicillin and 100 pg/ml streptomycin in an atmosphere
of 5% CO2 at 37 °C.

2.3. Plasmid construction and cell transfection

Small interfering RNA (siRNA) targeting SNHG12 or Notch2 was
obtained from GenePharma (Shanghai, Chian). miR-195-5p mimic,
miR-195-5p inhibitors and pCDNA3.1-Notch2 were purchased from
GeneCreate (Wuhan, China). We transfected si-SNHG12 or si-
Notch2 into 143B and U20S cells by using GenMute (SignaGen
Laboratories, Rockville, USA). Lipofectamine 2000 (Invitrogen,
Carlsbad, USA) was used to transfect miR-195-5p mimic, miR-195-
5p inhibitors and pCDNA3.1-Notch2 into 143B and U20S cells. All
above procedures followed the manufacturer's instruction. The
sequences of si-SNHG12 were as follows: sense 5-GCAGU-
GUGCUACUGAACUUTT-3/, antisense 5'-AAGUUCAGUAGCACA-
CUGCTT-3’; The siRNA sequences were for Notch2: sense 5'-
CACCUGAGUUGGAUGAUAUTT-3’, antisense 5-AUAUCAUCCAACU-
CAGGUGTT-3’; miRNA-195-5p inhibitors sequence: 5'-
GCCAAUAUUUCUGUGCUGCUA-3'.

2.4. RNA extraction and qRT-PCR assays

Total RNA was extracted from tissues and cell lines using TRIzol
reagent (Invitrogen, Carlsbad, USA). Reverse transcription reactions
were conducted via Takara RNA PCR Kit (Takara, Kyoto, Japan).
Quantitative real-time polymerase chain reactions (qQRT-PCR) were
performed using a SYBR Green detection system (Takara, Kyoto,
Japan). All above operations followed the manufacturer's in-
structions. The PCR results were analyzed to determine the Ct
values of amplified products. The relative expression was calculated
using the 2784Ct method. U6 was used as the internal control. The
PCR primer sequences used in this study are listed as follows:
SNHG12, forward 5'-TCTGGTGATCGAGGACTTCC-3’ and reverse 5'-
ACCTCCTCAGTATCACACACT-3/; miR-195-5p,  forward  5'-
GAATTCGCCTCAAGAGAACAAAGTGGAG-3’ and  reverse  5'-
AGATCTCCCATGGGGGCTCAGCCCCT-3/;  Notch2, forward 5'-
GGGACCCTGTCATACCCTCT-3' and reverse 5-GAGCCATGCT-
TACGCTTTCG-3'; U6, forward 5'-GCTTCGGCAGCACATATACTAAAAT-
3’ and reverse 5-CGCTTCACGAATTTGCGTGTCAT-3’; and GAPDH,
forward 5'-TGTTCGTCATGGGTGTGAAC-3’ and reverse 5'-ATGG-
CATGGACTGTGGTCAT-3'.

2.5. Western blot analysis

Total proteins was extracted from transfected cells by using
Radio Immunoprecipitation Assay (RIPA) lysis buffer (Beyotime,
Shanghai, China). Then, all proteins were separated by a 10% so-
dium dodecyl sulfate polyacrylamide (SDS/PAGE) gel and trans-
ferred onto a polyvinylidene fluoride membrane (PVDF, Millipore,
Billerica, USA). The PVDF membrane was blocked in 5% non-fat
dried milk for 2 h at room temperature and then incubated with
primary antibody at 4 °C overnight. After being washed with TBST
buffer five times, the PVDF membrane was incubated with horse-
radish peroxidase-conjugated secondary antibody (Proteintech
Group, Inc., Chicago, USA) for 1 h at room temperature. Then, the
PVDF membrane was washed three times with TBST buffer again.
Finally, the proteins were detected by using an enhanced chemi-
luminescent kit (ECL kit, Santa Cruz Biotechnology, Santa Cruz,
USA). The detailed information of primary antibodies is listed as
follows: anti-CDK4, anti-CDK6, anti-CCND1, anti-Notch2, anti-
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