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Abstract
Objective: LncRNA SPRY4-IT1 usually plays an oncogenic role in various cancers. However, the
function of SPRY4-IT1 in Osteosarcoma (OS) still hasn’t been reported. Our study aimed to investigate
the regulation roles of SPRY4-IT1 in the OS.
Methods: OS tissue and the adjacent normal tissue were collected from 175 patients with OS. SPRY4IT1 in OS cells was silenced by siRNA interference. The expression of SPRY4-IT1, Cyclin D1, Matrix
Metalloproteinase-2 (MMP-2), Matrix Metalloproteinase-9 (MMP-9) and WNT/β-catenin signaling
pathway-related factors-Wnt3 and Wnt5b in OS tissues and cells were detected by qRT-PCR and/or
Western blot. Effect of SPRY4-IT1 knockdown on growth, colony formation, migration and invasion of
OS cells were detected by MTT assay, colony formation assay and cell migration and invasion assay,
respectively. Correlation between expression of SPRY4-IT1 and expression of Cyclin D1, MMP-2 and
MMP-9 was analysed by Pearson correlation analysis.
Results: Level of SPRY4-IT1 RNA in OS tissue was significantly higher than that in normal tissue.
SPRY4-IT1 knockdown significantly reduced the viability, colony formation ability, and invasion and
migration ability of OS cells. SPRY4-IT1 knockdown significantly decreased the expression of Cyclin
D1, MMP-2, MMP-9 and WNT/β-catenin signaling pathway-related factors Wnt3 and Wnt5b at both
mRNA and protein levels. In addition, expression of SPRY4-IT1 was positively correlated with the
expression of Cyclin D1, MMP2 and MMP9.
Conclusion: SPRY4-IT1 plays an important role in the progression of OS possibly by regulating the
expression of Cyclin D1, MMP-2, MMP-9 and WNT/β-catenin signaling pathway-related genes.
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Introduction
As the most common primary malignant tumor in bone, OS
mainly affects adolescents and young adults [1]. About 10
persons out of a million people are suffering from OS, and 20
to 50% patients are in their pediatric age [2]. Although OS only
accounts for 5-6% of all the tumors in children, the high
metastasis rate makes it one of the most common causes of
cancer-related death [3]. With the advances in the treatment of
OS [4], 5 y survival rate has been increased from about 20%
(1970s) to 65-70% [5]. However, this 5 y survival rate of
patients with OS has not been further increased during last two
decades, and almost half of the patients will eventually die of
OS [6]. The onset and development of cancer is a complex
process requiring the involvement of various factors, such as
environmental and cellular factors [7]. It has been widely
accepted that environmental factors, such as radiation, air
pollutions an so on, can only affect the development of cancer
by regulating the expression of cancer-related gene and/or
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regulating signaling transduction involved in this process
[8-10]. So, the identification of molecular and cellular targets
that involved in the development of OS will definitely provide
new insights into the development of more efficient treatment
of OS.
Long non-coding RNAs, also known as lncRNA, is a group of
non-protein coding RNAs with a length longer than 200
nucleotides, which is obviously longer than that of microRNAs
(miRNAs), short interfering RNAs (siRNAs) and other short
RNAs [11]. Previous studies have shown that lncRNAs play
pivotal roles in the development of various human diseases
including heart disease, liver diseases and cancer [12-14].
SPRY4-IT1 is a long non-coding RNA that is transcribed from
an intron of the SPRY4 gene. It has been reported that
expression of lncRNA SPRY4-IT1 is usually upregulated in
cancer tissues and the increased expression level of SPRY4IT1 can promote tumorigenesis [15,16]. Studies also showed
that SPRY4-IT1 could regulate tumor cell apoptosis and
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invasion [17]. Those previous studies suggest that SPRY4-IT1
may also play important roles in the development of OS.
In our study, the regulation roles of lncRNA SPRY4-IT1 in the
growth and migration of OS were explored. We found that the
expression level of SPRY4-IT1 RNA in OS tissue was
significantly higher than that in normal tissue. SPRY4-IT1
knockdown by siRNA interference significantly reduced the
viability, colony formation ability, and invasion and migration
ability of OS cells. SPRY4-IT1knockdown also significantly
decreased the expression of cell cycle regulator Cyclin D1, cell
migration regulator MMP-2 and MMP-9, and WNT/β-catenin
signaling pathway-related factors Wnt3 and Wnt5b at both
mRNA and protein levels. In addition, expression of SPRY4IT1 was found to be positively correlated with the expression
of cyclin D1, MMP2 and MMP9. So, we believe that SPRY4IT1 plays important roles in the development of OS possibly
by regulating the expression of Cyclin D1, MMP-2, MMP-9
and WNT/β-catenin signaling pathway-related genes.

Materials and Methods
OS tissue collection
OS tissue and the adjacent normal tissue were collected from
175 patients with OS who received biopsy in Zhongnan
Hospital Affiliated to Medical College of Wuhan University
from January 2010 to October 2012. All patients received no
treatment before admission. Tissues collected from patients
were histologically and pathologically diagnosed by two
experienced pathologists and confirmed that content of tumor
tissue in each sample was higher than 70%. RNA was
extracted from three sites of each tissue to destroy tumor
heterogeneity. The median length of follow-up of these patients
was 40 months.

Cell culture
Human osteosarcoma cell line MG63 and normal human bone
cell line were purchased from The Cell Resource Center of the
Institute of Basic Medical Sciences (IBMS) of The Chinese
Academy of Medical Science. Cells were cultured in DMEM
medium containing 10% FBS, 100 mg/ml of penicillin G and
100 U/ml of streptomycin (Invitrogen).

SiRNA transfection
SiRNA targeting SPRY4-IT1 (siRNASPRY4-IT1) and
scrambled negative control siRNA were purchased from
Shanghai Genepharma Pharmaceutical Technology Co., Ltd.
Sequence
of
siRNASPRY4-IT1
was
GCTTTCTGATTCCTGACTATTAAAGGCCTAGA.
Cells
were transfected with 50 nmol siRNASPRY4-ITl or scrambled
negative control siRNA using lipofectamine 2000 transfection
reagent (11668-019) (Invitrogen, Carlsbad, USA) according to
the manufacturer's instructions. 48 h after transfection,
transfected cells were harvested and transfection was checked
by qRT-PCR.
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MTT cytotoxicity test
Transfected MG63 cells were inoculated into 96-well plates
with 200 μl per well and 10 μl of MTT (5 mg/ml in PBS) was
added into each well. After incubation for 4 h, cell culture was
terminated and supernatant was discarded. Cell suspension was
centrifuged and the supernatant was removed again. Then 150
μl of Dimethyl Sulfoxide (DMSO) was added into each well,
followed by oscillation for 10 min. OD value at 490 nm was
measured by enzyme-linked immunosorbent assay analyzer.

RNA extraction and qRT-PCR
Trizol reagent (1 ml) (15596-026) (Invitrogen, Carlsbad, CA)
was used to extract total RNA from tissue (100 mg) or
harvested cells (2 × 106 cells) according to the manufacturer's
instructions. Concentration and purity of RNA were
determined by NanoDrop 1000 spectrophotometer (Thermo
Scientific, Wilmington, USA). 1 μg RNA was used to
synthesize cDNA through reverse transcription using
PrimeScript™ One Step RT-PCR Kit (RR055A) (TaKaRa,
Dalian, China) on 7300 RT-PCR system (Applied Biosystems,
Carlsbad, USA). Following primers were used in PCR
reactions: 5’-ATCCGAAGCGCAGACACAATTCA-3’ (sense)
and 5’-CCTCGATGTAGTCTATGTCATAGGA-3’ (anti-sense)
for SPRY4-IT; 5’- AGACTCGCTGATGATCCATGC-3’
(sense) and 5’-AGGTGACCACAGTGTTCTG-3’ (anti-sense)
for GAPDH. PCR was performed as follows: 94°C for 2 min,
followed by 35 cycles of 94°C for 30 s, 52°C for 30 s and 72°C
for 1 min, then 10 min at 72°C.

Colony formation assay
Cell suspension (5 ml, containing 95% single cells) was seeded
into a Petri dish after dilution of multiple proportions
according to cell proliferation capacity. Cells were cultured at
37°C with 5% CO2 for 2-3 w. Culture medium was replaced
with fresh medium based on changes in pH value of the
medium. Finally, Giemsa (P0021) staining was used to observe
cell colonies.

Cell migration and invasion assay
In order to measure cell migration ability, 5 × 104 transfected
cells were seeded into the upper chamber (BD Biosciences,
San Jose, USA). To measure cell invasion, 5 × 104 transfected
cells were inoculated into the upper chamber covered with
matrigel (356234) (Millipore, Billerica, USA). RPMI-1640
containing 20% FCS was used to fill the lower chamber. After
incubation for 24 h, the membrane was stained with 0.5%
crystal violet for 20 min. After removal of non-invasive cells,
the invaded cells on membrane were counted under a
microscope (Olympus, Tokyo, Japan).

Western blot
Total protein was extracted using Radioimmunoassay (RIPA)
lysis buffer (P0013K, Beyotime). Protein lysates were
separated by 10% SDS-polyacrylamide gel and transferred to a
Polyvinylidene Difluoride (PVDF) membrane (Bio-Rad,
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Hercules, USA). After blocking, primary antibodies of cyclin
D1 (#2978, Boston, USA), MMP2 (#13132, Boston, USA),
MMP9 (#13667, Boston, USA) and GAPDH (#2118, Boston,
USA) were incubated with the corresponding membrane
overnight at 4°C. Then corresponding secondary antibody was
added and incubated at 37°C for 1 h. Signal was detected with
Enhanced Chemiluminescence (ECL) (WBKLS0050) and the
grayscale intensity of each band was measured using bioimaging system (Millipore, Billerica, USA). This experiment
was repeated three times.

by siRNASPRY4-IT1. Cell viability was measured by MTT
assay. As shown in Figure 2B, the viability of the cells with
siRNASPRY4-IT1 transfection was significantly lower than
that of the cells transfected with negative control siRNA at all
four time points but significant differences were only found at
48 h and 72 h (p<0.05, p<0.01). In addition, colony formation
assay showed that the number of the colonies formed by cells
with siRNASPRY4-IT1 transfection was significantly smaller
than that formed by the cells transfected with negative control
siRNA (p<0.01) (Figure 2C).

Statistical analysis
SPSS19.0 software (SPSS, Inc., Chicago, Illinois, USA) was
used for the data analysis. Normal distribution data were
expressed by (x̄ ± s), and comparisons between two groups
were performed by t test. Non-normal distribution data were
processed using non-parametric Mann-Whitney U test. p<0.05
was considered to be statistically significant.

Results
Differential expression levels of SPRY4-IT1 in OS
tissues and normal tissues
SPRY4-ITl expression in OS Tissue (T) and Normal tissue (N)
was detected by qRT-PCR. Relative expression levels of
SPRY4-ITl were normalized to endogenous control gene
(GAPDH). Our data showed that level of SPRY4-IT1 RNA in
OS tissue was significantly higher than that in normal tissue
(p<0.05) (Figure 1A). In addition, 175 patients were divided
into high expression group and low expression group by a
boundary value of the expression level of SPRY4-IT1/
GAPDH=1.014. We found that SPRY4-ITl was highly
expressed in 96 out of 175 patients (Figure 1B).

Figure 2. SPRY4-IT1 silencing suppresses the growth and movement
of OS cells in vitro. A: Expression levels of SPRY4-IT1 in cells
transfected with siRNASPRY4-IT1 and negative control siRNA; B:
Viability of the cells transfected with siRNASPRY4-IT1 and negative
control siRNA; C: The numbers of the colonies formed by the cells
transfected with siRNASPRY4-IT1 and negative control siRNA.
Notes: *significant difference compared with the control p<0.05;
**significant difference compared with the control p<0.01.

Effects of SPRY4-IT1 on the migration and invasion
of OS cells
Effects of SPRY4-IT1 on the migration and invasion of OS
cells were detected by cell migration and invasion assay. Data
showed that the migration ability of the cells transfected with
siRNASPRY4-IT1 was significantly lower than that of the cells
transfected with negative control siRNA transfection (p<0.01)
(Figure 3). In addition, the cell invasion ability of the cells
transfected with siRNASPRY4-IT1 was also significantly
lower than that of the cells transfected with negative control
siRNA transfection (p<0.05).

Figure 1. Differential expression levels of SPRY4-IT1 in OS tissues
and normal tissues. A: Expression levels of SPRY4-IT1 in OS tissues
and normal tissues-the mean value and the median value. *Compared
with the normal tissue p<0.05; B: The classification of the expression
levels of SPRY4-IT1 in 175 patients. The vertical line indicates the
dividing line of high SPRY4-IT1 expression level (n=96) and the low
SPRY4-IT1 expression level (n=79).

Effect of SPRY4-IT1 on the growth of OS cells
Expression of SPRY4-IT1 in cells transfected with
siRNASPRY4-IT1 and negative control siRNA were detected
by qRT-PCR, our data has shown that the expression level of
SPRY4-IT1 in cells with siRNASPRY4-IT1 transfection was
significantly lower than that in the cells with negative control
siRNA (Figure 2A), indicating that SPRY4-IT1 was silenced
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Figure 3. Effects of SPRY4-IT1 silencing on the migration (A) and
invasion (B) of OS cells. *Compared with control p<0.05;
**Compared with control p<0.01.
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Effects of SPRY4-IT1 on the expression of Cyclin D1,
MMP-2 and MMP-9 in OS cells
Expression of Cyclin D1, MMP-2 and MMP-9 mRNA and
protein in OS cells with siRNASPRY4-IT1 or negative control
siRNA transfection were detected by qRT-PCR and Western
blot, respectively. As shown in Figure 4A, expression levels of
Cyclin D1, MMP-2 and MMP-9 mRNA in cells with
siRNASPRY4-IT1 transfection were significantly lower than
those of the control cells (p<0.01). In addition, expression
levels of Cyclin D1, MMP-2 and MMP-9 protein were also
significantly lower than those of the control cells (Figure 4B).

expression of Wnt3 and Wnt5b at both mRNA and protein
levels (p<0.01).

Figure 6. Effects of SPRY4-IT1 silencing on the expression of WNT/βcatenin signaling pathway-related genes. A: The relative expression
levels of Wnt3 and Wnt5b mRNA in cells with siRNASPRY4-IT1 or
negative control siRNA transfection; B: The expression of Wnt3 and
Wnt5b protein in cells with siRNASPRY4-IT1 or negative control
siRNA transfection. Notes: **Compared with control cells, p<0.01.

Discussion
Figure 4. Effects of SPRY4-IT1 silencing on the expression of Cyclin
D1, MMP-2 and MMP-9 in OS cells. A: The expression of Cyclin D1,
MMP-2 and MMP-9 mRNA in OS cells with siRNASPRY4-IT1 or
negative control siRNA transfection; B: Expression of Cyclin D1,
MMP-2 and MMP-9 protein in OS cells with siRNASPRY4-IT1 or
negative control siRNA transfection.

The correlation between the expression of SPRY4-IT1
and the expression of Cyclin D1, MMP-2 and MMP-9
in OS cells
Expression of SPRY4-IT1, Cyclin D1, MMP2 and MMP9
mRNA of the OS tissues from 175 patients was detected by
qRT-PCR. Pearson correlation analysis was used to analyse the
correlation between the expression of SPRY4-IT1 and the
expression of cyclin D1, MMP2 and MMP9. As shown in
Figure 5, expression of SPRY4-IT1 was positively correlated
with the expression of cyclin D1, MMP2 and MMP9.

Figure 5. Expression of SPRY4-IT1 is positively correlated with the
expression of Cyclin D1, MMP-2 and MMP-9 in OS cells. A:
Correlation between the expression of SPRY4-IT1 and the expression
of cyclin D1; B: Correlation between the expression of SPRY4-IT1
and the expression of MMP2; C: Correlation between the expression
of SPRY4-IT1 and the expression of MMP9.

The effect of SPRY4-IT1 on the WNT/β-catenin
pathway in OS cells
The relative expression levels of Wnt3 and Wnt5b mRNA and
protein were detected by qRT-PCR and western blot,
respectively. As shown in Figure 6, compared with control
cells, SPRY4-IT1 silencing significantly reduced the
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Previous studies have shown that expression level of SPRY4IT1 was usually upregulated in various cancer tissues [17,18].
Increased expression level of SPRY4-IT1 in cancer cells can
increase cell proliferation rate, which in turn promotes the
development of cancer [18]. Consistent results were found in
our study. After the analysis of SPRY4-ITl expression in OS
tissues and normal tissues of 175 patients, we found that
expression level of SPRY4-IT1 RNA in OS tissue was
significantly higher than that in normal tissue (p<0.05) (Figure
1A). In addition, SPRY4-IT1 was found to be highly expressed
in most of the patients with OS (96/157). Our data suggested
that expression of SPRY4-IT1 may be positively correlated
with the development of OS.
Cyclin D1, which is a nuclear protein, is necessary for cell
cycle progression in G1 [19]. It has been reported that
expression level of cyclin D1 was usually upregulated in tumor
tissues and tumor-derived cell lines [20], and the increased
level of cyclin D1 promoted cell division, so as to promote
tumor growth [21]. MMP-2 and MMP-9, which are two
members of Matrix Metalloproteinase (MMP) family, are
responsible for the breakdown of Extracellular Matrix (ECM)
in various physiological processes including tumor metastasis
[22]. Previous studies have shown that the increased
expression levels of MMP-2 and MMP-9 in various cancers
were related to the decreased survival rate of the patients [23].
In our study, expression levels of cyclin D1, MMP-2 and
MMP-9 were significantly decreased by SPRY4-IT1 silencing
at both mRNA and protein levels, indicating that SPRY4-IT1
can positively regulate the expression of cyclin D1, MMP-2
and MMP-9 (Figures 4A and 4B). In addition, MTT assay,
colony formation assay and cell migration and invasion assay
have shown that growth, colony formation, migration and
invasion of OS cells were all reduced by SPRY4-IT1 silencing
(Figures 2 and 3). Pearson correlation analysis also showed
that the expression of SPRY4-IT1 was positively correlated
with the expression of cyclin D1, MMP-2 and MMP-9 (Figure
5). Our data suggested that SPRY4-IT1 can promote tumor
growth and metastasis possibly by upregulating cyclin D1,
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MMP-2 and MMP-9, which are important for cell division and
migration.
The WNT/β-catenin signaling pathway has been reported to
play pivotal roles in the development of various diseases in
both human and animals, and the altered expression of WNT/
β-catenin signaling pathway-related protein can usually lead to
the onset of various processes [24]. Wnt3 and Wnt5b are two
key players in WNT signaling pathway. Previous studies have
shown that WNT3 and WNT5B can promote epithelial cancer
cell invasion [25]. Consistent results were found in our study.
Cell invasion and migration assay showed that the migration
and invasion abilities of OS cells were significantly reduced by
SPRY4-IT1 silencing (Figure 3), in addition, SPRY4-IT1
silencing also significantly decreased the expression levels of
Wnt3 and Wnt5b at both mRNA and protein levels (Figure 4).
Our data suggested that SPRY4-IT1 can promote the migration
of OS possibly by upregulating the WNT/β-catenin signaling
pathway-related protein Wnt3 and Wnt5b.
In conclusion, SPRY4-IT1 can regulate the growth, migration
and invasion of OS cells. These findings suggest that SPRY4IT1 plays an important role in the regulation of OS progression
possibly by upregulating the expression of Cyclin D1, MMP-2,
MMP-9 and WNT/β-catenin signaling pathway-related genes.
So, SPRY4-IT1 may be a novel biomarker for the prognosis of
osteosarcoma.
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