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Long non-coding RNA SPRY4-IT1 promotes the proliferation
and invasion of U251 cells through upregulation of SKA2
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Abstract. The long non-coding RNA SPRY4-intronic
transcript 1 (SPRY4-IT1) has been shown to promote the
progression of cancer; however, the role of SPRY4-IT1 in
glioma remains unclear. The present study demonstrated
that SPRY4-IT1 expression was markedly increased in
glioma tissues and cells compared with normal brain
tissues, whereas knockdown of SPRY4-IT1 inhibited cell
proliferation, migration, and invasion in U251 cells. Spindle
and kinetochore associated complex subunit 2 (SKA?2) was
found to be a target of SPRY4-IT1 and was downregulated
by SPRY4-IT1-knockdown. Additionally, SPRY4-IT1 expres-
sion was positively correlated with SKA?2 in glioma tissues.
To the best of our knowledge, the present study provides the
first demonstration that SKA2 may have an oncogenic role in
U251 cells. These results indicate that SPRY4-IT1 may serve a
notable role in the molecular etiology of glioma and represents
a potential target in glioma therapy.

Introduction

Gliomas are the most common form of central nervous system
(CNS) primary tumors, accounting for >50% of all primary
CNS tumors (1). Gliomas are characterized by increased
proliferation, invasion and malignancy. Despite the use of
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aggressive therapeutic modalities, including surgical resection,
radiation and chemotherapy, the prognosis for patients with
malignant gliomas remains poor (2-4). Advances in increasing
the survival rate of glioma patients have been limited, as the
pathophysiological mechanisms of glioma remains unclear.
Therefore, a deeper understanding of the pathways involved
in the development of glioma is required to develop a novel
therapeutic target for glioma.

Recent improvements in high-resolution microarray and
genome-wide sequencing analysis have revealed that human
genome includes ~20,000 protein-coding genes, however,
most of the human genome is pervasively transcribed into
ncRNA (5,6). ncRNAs are divided into two groups, according
to their size,long ncRNAs (IncRNA) and small ncRNAs. Of the
ncRNAs, microRNAs have attracted considerable attention as
they serve a number of pivotal roles in cancer via the silencing
of target genes (7,8). However, the field of IncRNAs is an
emerging area in ncRNAs study. IncRNAs have been reported
to regulate a wide of biological processes as they are involved
in every step of mRNA biology, including transcription,
mRNA splicing, RNA decay and translation (9-11).

IncRNAs are a class of non-coding RNA transcript >200
nucleotides in length that have no protein-coding potential.
Recent studies have demonstrated that IncRNAs serve a
vital role in epigenetic modification. IncRNAs participate in
various biological and pathological processes by controlling
gene expression via diverse mechanisms including transcrip-
tion, post-transcriptional processing, genomic imprinting,
chromatin modification and the regulation of protein func-
tion (12-14). For example, Wang et al (15) demonstrated that
the ectopic expression of maternally expressed 3 (MEG3), a
IncRNA that is markedly downregulated in astrocytoma, could
inhibit cell proliferation and promote cell apoptosis in astrocy-
toma cells, indicating the potential tumor-suppressive function
of MEG3. In addition, the expression of HOX transcript
antisense RNA (HOTAIR) was closely associated with glioma
grade and poor prognosis, and an independent prognostic
factor in GBM patients (16). Knockdown of HOTAIR inhibited
colony formation and cell cycle G,/G, arrest (16). These find-
ings indicate that IncRNAs are involved in the development of
gliomas. IncRNA SPRY4-intronic transcript 1 (SPRY4-IT1) is
a 687-nucleotide unspliced, polyadenylated transcript that is
transcribed from the second intron of the SPRY4 gene. The
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upregulation of SPRY4-IT1 expression has been observed
in melanoma cells, whereas the knockdown of SPRY4-IT1
inhibited invasion, inducing cell growth arrest and apop-
tosis (17). However, the role of IncRNA SPRY4-IT1 in glioma
is unclear.

Spindle and kinetochore associated complex subunit 2
(SKA?2) is encoded by an 831-nucleotide cDNA sequence and
is located on human chromosome 17q 23.2. SKA?2 is required
for the assembly of condensed chromosomes on the metaphase
plate and is involved in the maintenance of the metaphase
plate and/or spindle checkpoint silencing (18). Rice et al (19)
demonstrated that the enforced expression of SKA2 induced
glucocorticoid transactivation in HepG2 cells, whereas knock-
down of SKA2 in A549 human lung epithelial cells reduced
transactivation and suppressed dexamethasone inhibition of
proliferation.

The objective of the present study was to explore the role of
SPRY4-IT1 in glioma. SPRY4-IT1 expression was examined
in glioma tissues and U251 cell lines using reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR).
and the biological functions of SPRY4-IT1 in U251 cells.
Additionally, it was observed that SKA2 was a downstream
target gene of SPRY4-IT1 and that SKA2 promoted U251
cells proliferation and invasion. The present study promotes
the understanding of the role of SPRY4-IT1 as regulators of
glioma pathogenesis, and contributes to the development of
IncRNA-directed diagnostics and therapeutics.

Materials and methods

Materials. Fetal bovine serum (FBS) and Dulbecco's
modified Eagle's medium (DMEM) were purchased from
Hyclone; GE Healthcare Life Sciences (Logan, UT, USA).
Lipofectamine 2000 and TRIzol reagent was purchased
from Invitrogen; Thermo Fisher Scientific, Inc. (Waltham,
MA, USA). M-MLV Reverse Transcriptase was obtained
from Promega Corporation (Madison, WI, USA). All
other chemicals were purchased from Sigma-Aldrich;
Merck KGaA (Darmstadt, Germany). The antibodies used
were as follows: Anti-proliferating cell nuclear antigen
(PCNA,; cat. no. bs-0754R), anti-cyclin D1 (cat. no. bs-0623R);
anti-matrix metalloproteinase-2 (MMP2; cat. no. bs-4605R);
and anti-MMP9 (1:400 dilution, cat. no. bs-4593R; BIOSS,
Beijing, China), anti-f-actin (cat. no. ab8226), anti-SKA?2
(cat. no. ab91551) (1:1,000 dilution; Abcam, Cambridge, UK).

Patients and tissue samples. Tissue samples from glioma
tumors and normal brain tissues were collected from the
neurosurgery department of the Second Affiliated Hospital of
Anhui Medical University (Hefei, China) between May 2014
and March 2015. Samples were collected and preserved
at -80°C and their histological type was further confirmed
according to the World Health Organization (WHO) criteria.
A total of 64 glioma samples (WHO I/II, n=27 WHO III/1V,
n=37) and normal brain tissues (n=9) were used in the present
study (20). Patients selected included 50 males and 23 females,
with an age range between 16 and 64 years (median age,
46 years). The present study was approved by the Biomedical
Ethics Committee of Anhui Medical University and patients
provided written informed consent.
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Cell culture procedures. Human astrocytoma U251 cells
were purchased from the American Type Culture Collection
(ATCC; Manassas, VA, USA). Cells were cultured in DMEM,
supplemented with 10% heat-inactivated FBS and 100 U/ml
penicillin/streptomycin (Thermo Fisher Scientific, Inc.). Cells
cultures were maintained at 37°C in humidified atmosphere
of 5% CO,. Small interfering RNAs (siRNAs) were chemi-
cally synthesized by GenePharma (Shanghai, China). The
sequences are: SPRY4-IT1 siRNA, GCTTTCTGATTC
CAAGGCCTATTAA; SKA2 siRNA, AAGAAATCAAGA
CTAATCATCTT; Si-NC, UUCUCCGAACGUGUCACG
UTT. U251 cells (2x10°) were transfected with siRNA using
Lipofectamine 2000 transfection reagent (Life Technologies;
Thermo Fisher Scientific, Inc.) according to the manufacturer's
instructions. After 48 h, cells transfected with siRNA were
harvested for RT-qPCR to determine the transfection effi-
ciency.

RT-qPCR analysis. Total RNA was extracted from U251 cells
and patient samples using TRIzol reagent. The first-strand
cDNA was synthesized from total RNA using the Thermoscript
RT-PCR system (Thermo Fisher Scientific, Inc.) at 65°C for
5 min. RT-qPCR analysis was performed using SYBR Green
Master Mix kit on Thermo Fisher connect Real-Time PCR
platform (Thermo Fisher Scientific, Inc.). In brief, each PCR
reaction mixture containing 10 gl of 2X SYBR GreenMaster
Mix, 1 ul of sense and antisense primers (5 gmol/ul) and 1 pl
of cDNA (10 ng), was run for 45 cycles with denaturation
at 95°C for 15 sec, annealing at 60°C for 30 sec and exten-
sion at 72°C for 30 sec in a total volume of 20 pl. For relative
quantification, 2244 was calculated and used as an indication
of the relative expression levels (21), which was calculated by
subtracting quantification cycle (Cq) values of the control gene
from the Cq values of SPRY4-IT1. The primer sequences were
as follows: SPRY4-IT1 forward, 5-"AGCCACATAAATTCA
GCAGA-3" and reverse, 5'-CGATGTAGTAGGATTCCTTTC
A-3"; SKA2 forward, 5'-CCGCTTTAAACCAGTTGCTG-3'
and reverse, 5'-CTCTGCCGCAGTTTTCTCTT-3'. GAPDH
was applied as an internal control. The primer sequences of
GAPDH were: Forward, 5"~ AGCAAGAGCACAAGAGGA
AG-3' and reverse, 5'-GGTTGAGCACAGGGTACTTT-3".

MTT assay. U251 cells were trypsinized, resuspended and
seeded into 96-well plates at a concentration of 2,000 cells/
well, and incubated at 37°C 48 h after siRNA treatment. The
number of viable cells was measured at daily intervals (0,12,
24, and 48 h). At each time-point, 10 ul of 5 mg/ml MTT
(Beijing Dingguo Biotechnology Co., Ltd., Beijing, China) was
added and incubated for 4 h. Then the medium was removed
carefully and 100 ul dimethyl sulfoxide was added at the end
of incubation. The absorbance was measured at 592 nm on the
spectrophotometer.

Colony formation assay. A total of 200 U251 cells were
seeded in 6-well plates following a 48-h siRNA treatment.
The medium was changed at regular time intervals. After
7 days of culture at 37°C, the natural colonies were washed
with PBS and fixed with 4% paraformaldehyde for 30 min
at room temperature. The colonies were then stained with
methylene blue (1%) for 10 min at room temperature, washed
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with water and air-dried. The total number of colonies with
more than 50 cells was counted using a fluorescent microscope
(x100 magnification).

Scratch wound assay. U251 astrocytoma cells were trans-
fected with siRNA targeted at SPRY4-IT1 (si-SPRY4-IT1)
or si-negative control (si-NC). Cells (5x10°) were cultured in
6-well plates. Wounds were created in adherent cells using
a 20 ul pipette tip at 48 h after transfection. The cells were
then washed three times with PBS to remove any free-floating
cells and debris. Serum-free DMEM was added, and the cells
were incubated under normal conditions. Wound healing was
observed after 24 h using a light microscope. Images of repre-
sentative scratch lines were captured using digital microscopy
once culture inserts were removed. Each experiment was
repeated in triplicate.

In vitro migration and invasion assays. U251 cells (5x10%)
were transfected with si-SPRY4-IT1 after 48 h, and then
plated into the upper chamber of polycarbonate transwell
filters (without Matrigel for the transwell assay) or plated
on the top side of polycarbonate transwell filter coated with
Matrigel (for the invasion assay) in the upper chamber of the
QCM™ 24-Well Cell Invasion Assay (Cell Biolabs, Inc., Sand
Diego, CA, USA). For transwell migration assays, cells were
suspended in 150 1 DMEM without serum, and DMEM
supplemented with 10% FBS was used in the lower chamber.
For the invasion assay, cells were suspended in medium
without serum, and DMEM supplemented with 10% FBS was
used as a chemoattractant in the lower chamber. The cells were
incubated at 37°C for 24 h for each assay. The non-migratory
or non-invasive cells in the top chambers were removed with
cotton swabs. The migrated and invaded cells on the lower
membrane surface were fixed with methanol and stained with
crystal violet. Cells were counted visually in 5 random fields
using a light microscope (x100). In addition, migrated and
invaded cells were dissociated, lysed and quantified at 570 nm
using spectrophotometer.

Western blotting. U251 astrocytoma cells transfected with
si-SPRY4-IT1 were lysed with RIPA lysis buffer (Beyotime
Institute of Biotechnology, Haimen, China). Whole extracts
were prepared, and protein concentrations were determined
using the BCA protein assay kit (Boster Biological Technology,
Pleasanton, CA, USA). Whole-cell extracts (20 or 40 ug)
were then fractionated using 8 or 12% SDS-PAGE. Gels were
run at a 120 V for 2 h then transfer onto a polyvinylidene
fluoride membrane (EMD Millipore, Billerica, MA, USA).
Nitrocellulose blots were incubated for 1 h with primary
antibodies diluted in TBS/Tween-20 (0.075% Tween-20)
containing 3% skimmed milk powder. Antibody was diluted.
Following incubation with the afore mentioned primary
antibodies at 4°C overnight, blots were washed three times in
TBS/Tween-20 prior to incubation at room temperature for
1 h with goat anti-mouse (cat. no. ZB-2305) or anti-rabbit (cat.
no. ZB-2301) (both from ZSGB-BIO; Origene, Beijing, China)
horseradish peroxidase conjugated antibody at a 1:10,000
dilution in TBS/Tween-20 containing 5% milk. Following
extensive washing in TBS/Tween-20, the blots were rinsed with
distilled water and proteins were detected using the enhanced
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chemiluminescence system. Proteins were visualized with an
enhanced chemiluminescence kit (ECL-plus; Thermo Fisher
Scientific, Inc.). The quantification of the bands was performed
using Imagel software (version 1.48; National Institutes of
Health, Bethesda, MD, USA).

Statistical analysis. All data were expressed as
mean + standard deviation of three independent experiments,
in which each assay was performed in triplicate. Data were
analyzed with SPSS 16.0 software (SPSS, Inc., Chicago,
IL, USA). Evaluation of the data was performed by t-test
(two-sided) or one-way analysis of variance, followed by
Tukey's post hoc test. Pearson's test was performed to calcu-
late the association between SPRY-IT1 and SKA?2 expression.
P<0.05 was considered to indicate a statistically significant
difference.

Results

Expression of SPRY4-IT1 was upregulated in glioma. To
determine the association between SPRY4-IT1 expression and
glioma with different degrees, RT-qPCR was performed to
evaluate the expression levels of SPRY4-IT1 in 9 normal brain
tissue samples and 64 freshly dissected glioma samples. As
shown in Fig. 1A, levels of SPRY4-IT1 were upregulated in
gliomas tissues compared with normal brain tissues. Additio-
nally, expression of SPRY4-IT1 was markedly upregulated in
high-grade glioma samples (WHO tumor grades III and IV)
and, to a lesser degree, increased in WHO tumor grades I and I1
glioma samples, compared with normal brain tissues (Fig. 1B).
SPRY4-IT1 expression was also examined in U251 cell lines
and normal brain tissues. As shown in Fig. 1C, SPRY4-IT1
expression was higher in U251 cell lines than in normal brain
tissues. Therefore, these data clearly indicate that high levels
of SPRY4-IT1 expression are present in glioma tissues and
indicate that this high expression may contribute to glioma
pathogenesis.

Knockdown of SPRY4-IT1 inhibited U251 cells proliferation.
Astrocytoma is a glioma that originates from astrocytes (20).
U251 astrocytoma cells are frequently used to study glioma
malignantbiological characteristics,so U251 cells were selected
for use in the present study. To determine whether siRNAs
were able to be transfected into U251 cells, cells transfected
with si-SPRY4-IT1 and si-NC were assessed by RT-qPCR.
Cells transfected with si-SPRY4-IT1 exhibited significantly
lower expression of SPRY4-IT1 mRNA in astrocytoma cells
compared with si-NC cells (Fig. 1D). To investigate the role
of SPRY4-IT1 in U251 cells proliferation, an MTT assay was
performed. Knockdown of SPRY4-IT1 in U251 cells mark-
edly suppressed cellular proliferation (Fig. 2A). Similarly, the
size of colonies formed by si-SPRY4-IT1 cells were markedly
decreased in U251 cells compared with si-NC cells, indicating
that the decrease of SPRY4-IT1 expression significantly
inhibits colony formation by U251 cells (Fig. 2B).

SPRY4-IT1 knockdown suppressed U251 cells migration and
invasion. To investigate whether SPRY4-IT1 serves a direct
functional role in facilitating U251 cell migration, U251 cell
migration was assessed using a scratch wound assay. Data from
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Figure 1. The expression of SPRY4-IT1 in human glioma tumor samples and cells lines. (A) RT-qPCR analysis of SPRY4-IT1 expression in glioma tumor
samples and normal brain tissues. "P<0.01 vs. normal. (B) RT-qPCR analysis of SPRY4-IT1 expression in normal brain tissues, low-grade and high-grade
glioma samples. "P<0.01 vs. normal. (C) RT-qPCR analysis of SPRY4-IT1 expression in normal brain tissues and U251 cells. “P<0.01 vs. normal. (D) RT-qPCR
analysis of SPRY4-IT1 expression in si-SPRY4-IT1, si-NC and untransfected U251 control cells. "P<0.01 vs. si-NC. SPRY4-IT1, SPRY4-intronic transcript 1;
si-NC, U251 cells transfected with negative control small interfering RNA.
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Figure 2. Knockdown of SPRY4-IT1 inhibits cellular proliferation, migration and invasion in U251 cells. (A) si-SPRY4-IT1 cell proliferation was significantly
inhibited compared with si-NC cells, as detected by the MTT assay. (B) Effects of SPRY4-IT1 on clone formation in U251 cells. (C) Scratches were made
on confluent monolayers si-NC or si-SPRY4-IT1 cells. (D) U251 cells infected with si-SPRY4-IT1 displayed significantly lower invasion capacity compared
with those infected with si-NC. The widths of the gaps from 3 experiments were measured, the mean was calculated and the results presented in a bar graph.
“P<0.01 vs. si-NC. SPRY4-IT1, SPRY4-intronic transcript 1; si-NC, U251 cells transfected with negative control small interfering RNA.

this assay revealed that transfection with si-SPRY4-IT1 but  As shown in Fig. 2D, invasion of U251 cells was reduced
not si-NC reduced the cell migration of U251 cells (Fig. 2C).  following inhibition of SPRY4-IT1. These results indicate that
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analysis (r=0.382, P=0.0018; Pearson's correlation analysis). (D) Knockdown of SPRY4-IT1 decreases SKA2 mRNA expression compared with NC in U251
cells. (E) Knockdown of SPRY4-IT1 decreases SKA2 protein expression compared with NC in U251 cells. "P<0.05, “P<0.01 vs. si-NC. RT-qPCR, reverse
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si-NC, U251 cells transfected with negative control small interfering RNA.

SPRY4-IT1 can promote the U251 cell migratory and invasive
phenotype.

Expression of SKA2 is upregulated, and positively correlated
with SPRY4-1T1 in glioma tissues. The correlation of
SPRY4-IT1 and SKA2 expression was assessed in glioma
samples. To identify the aberrant expression of SKA2 in
glioma tissues further, RT-qPCR was used. Similar to the
expression of SPRY4-IT1, the expression of SKA2 was much
higher in glioma tissues than in normal brain tissues (Fig. 3A).
The expression of SKA2 was higher in high-grade glioma
compared with low-grade glioma (Fig. 3B). Notably, Pearson's
correlation analysis demonstrated that the expression of
SPRY4-IT1 was positively correlated with that of SKA2 in
glioma tissues, which further indicates that SPRY4-IT1 is
associated with the expression of SKA2 (Fig. 3C).

To determine the role of SPRY4-IT1 in SKA2 expression,
U251 cells were transfected with si-SPRY4-IT1. U251 cells
transfected with si-SPRY4-IT1 expressed lower levels of
SKA2 mRNA than cells transfected with si-NC (Fig. 3D).
Similarly, the protein expression of SKA2 was significantly
reduced in si-SPRY4-IT1 cells compared with si-NC U251
cells (Fig. 3C). These data indicated that SPRY4-IT1 promotes
SKA2 expression in U251 cells.

Knockdown of SKA2 inhibits the biological behavior of
U251 cells. To investigate the role of SKA2 on U251 cells,
SK A2 expression was knocked down. SKA2 expression was
markedly decreased in U251 cells following transfection of
si-SKA2 compared with si-NC (Fig. 4A and B). Similar to
results observed with SPRY4-IT1-knockdown, knockdown
of SKA?2 significantly inhibited U251 cell proliferation and
colony formation (Fig. 4C and D). Additionally, the inva-
sion of U251 cells was inhibited in si-SKA?2 cells compared
with si-NC cells (Fig. 4E). To investigate the mechanism by
which SKA2-knockdown inhibited formation of the glioma
malignant phenotype, investigated the effect of SKA2 on
the expression of proteins involved in cellular proliferation,
including cyclin D1 and PCNA, and invasion, including
MMP2 and MMP9. Knockdown of SKA2 reduced the
expression of cyclin D1 and PCNA in U251 cells compared
with si-NC cells, whereas the expression of MMP2 and
MMP9 was significantly reduced in the cells transfected
with si-SKA2 siRNA (Fig. 5A). Together, these results
indicate that the knockdown of SK A2 inhibits cell prolifera-
tion, which is associated with the decreased expression of
cyclin DI and PCNA, and suppresses the invasive phenotype
associated with the reduced expression levels of MMP2 and
MMP9 in U251 cells.



3982
=
A % 12 B
g
< 08 -
&
€
2 04 -
w
1
=
= 0
[/
C 120,
10| |
£ 80/
=
F 60
2
7 40|
20|
ot . ;
si-NC si-SKAZ
E 2 120 :
2
SiNC siskaz  E
g 901
3
u2s1 3 o]
z
e 301
=
k]
@ }
0 si-NC

HE et al: ROLE OF SPRY4-IT1 IN GLIOMA

U251
sikNC si-SKAZ

0.8 -

06

03

Relative SKAZ2 protein expression

si-NC si-SKAZ

u2s1

200

150

0. : .

si-NC si-5PRY4-IT1

Clone number per field
5

-

si-SKAZ

Figure 4. Knockdown of SKA?2 inhibits cell growth in U251 cells. (A) Reverse transcription-quantitative polymerase chain reaction analysis of SKA2 mRNA
expression in si-SKA?2 and si-NC. (B) Western blot analysis of SKA2 protein expression in si-SKA2 and si-NC. (C) U251 cell proliferation in the si-SKA2
groups was significantly reduced, as detected by the MTT assay. (D) Effects of SKA2 on clone formation in U251 cells. (E) Effects of SKA2 on the invasion
of U251 cells. “P<0.01 vs. si-NC. SKA?2, spindle and kinetochore associated complex subunit 2; si-NC, U251 cells transfected with negative control small

interfering RNA.

U251 i
si-NC  si-SKA2 '
i =
8 12
2
Cyclin D1 % 00
=
@«
2 06
MMP9 £
B 03
o

PCNA
= Cyclin D1
= MMP-2
= MMP-9

si-SKA2

si-NC

Figure 5. Effect of SKA?2 on the expression of PCNA and cyclin DI in U251 cells. Western blotting was performed to assess the protein level of PCNA, cyclin D1,
MMP2 and MMP?9 in siRNA-treated U251 cells. "P<0.05, “P<0.01 vs. si-NC. SK A2, spindle and kinetochore associated complex subunit 2; PCNA, proliferating
cell nuclear antigen; MMP2, matrix metalloproteinase-2; siRNA, small interfering RNA; si-NC, U251 cells transfected with negative control siRNA.

Discussion

Glioma is the most common primary malignancy of the human
brain (22). Despite the use of aggressive therapeutic strategies,
including surgical resection, radiotherapy and chemotherapy,
the prognosis of glioma patients remains poor (23). Previous
studies demonstrated that glioma development is associated
with rates of cellular proliferation, migration, apoptosis and
invasion (1,24). It is therefore vital to understand the major
regulatory mechanisms of this malignancy, which is key to the
development of novel and effective therapeutic interventions
for gliomas.

IncRNAs are a class of RNA molecules that regulate the
transcription of target genes, meaning that the difference
in IncRNA profiling between cancer and normal cells may

indicate the mechanisms of cancer transformation. Evidence
indicates that IncRNAs may serve pivotal roles in a range
of cancer-associated biological processes, including in
glioma (15,16). By acting as oncogenes or tumor suppressors,
IncRNAs have the potential to contribute to glioma initiation,
progression and other malignant phenotypes. SPRY4-IT1 is
a IncRNA that was initially associated with melanoma, and
is upregulated in melanoma patient samples (17). The present
study investigated SPRY4-IT1 expression in gliomas patients
for the first time. SPRY4-IT1 expression was upregulated in
gliomas tissues and cell lines compared with normal brain
tissues. However, SPRY4-IT1 expression was markedly down-
regulated in non-small cell lung cancer tissues, compared with
normal tissues (25). These findings indicate that SPRY4-IT1
expression may be tissue- and cell-specific, and that SPRY4-IT1



ONCOLOGY LETTERS 15: 3977-3984, 2018

may serve different roles in different tissues and stages of life
process.

A previous study demonstrated that SPRY4-IT1 regulated
the cell growth in melanoma cells; siRNA-mediated
SPRY4-IT1-knockdown in melanoma cells resulted in
the inhibition of cell growth, and an increase in the rate of
apoptosis (17). Xie et al (26) demonstrated that knockdown
of SPRY4-IT1 decreased the growth of esophageal squamous
cell carcinoma in a xenograft mice model. The present study
demonstrated that knockdown of SPRY4-IT1 significantly
decreased the growth of U251 cells in vitro. Overexpression of
SPRY4-IT1 has been shown to promote melanoma cell migra-
tion and invasiveness, whereas knockdown of SPRY4-IT1
inhibits melanoma cell invasion (17). The present study reve-
aled that knockdown of SPRY4-IT1 inhibited the migration
and invasion of U251 cells; however, this phenomenon was
not consistent with the study reported by Zou et al conducted
in trophoblast cells (27). Knockdown of SPRY4-IT1 induced
the migration of HTR-8/SVneo cells, with overexpression of
SPRY4-IT1 resulting in the inhibition of this migration (28).
These findings indicate that IncRNA may present different
biological functions in different cancer cells. For example,
overexpression of HOTAIR results in an increase in the
invasiveness and metastasis in primary breast tumors (29).
Accordingly, knockdown of HOTAIR inhibited cell prolif-
eration and induced apoptosis in pancreatic cancer cells (28).
Although only a few functional IncRNAs have been well
identified, they have been found to regulate gene expression
at the levels of transcription, post-transcription and chromatin
modification (30,31).

SKAZ2 has been reported to locate to the kinetochore-micro-
tubule interface during mitosis, whereas SKA-depleted cells
cause chromosome congression defects and subsequently cell
death (18,32). A prior study revealed that A549 cells were
treated with a microRNA-301 inhibitor or SKA2-specific
siRNA, the mitotic index of the cells significantly increased,
with a corresponding decrease in the colony formation
ability (33). Overexpression of SKA2 appears to promote
proliferation and human breast cancer progression (34).
Recently, microarray analysis to identify genes that exhibited
a change in expression following SPRY4-IT1 knockdown in
MDA-MB-231 cells, indicating that SKA?2 may represent a
notable downstream effector of SPRY4-IT1 (35). The present
study revealed that SKA2 expressions were elevated in glioma
tissues; a significant positive correlation was also observed
between SPRY4-IT1 and SKA2 in human glioma tissues. An
in vitro experiment confirmed that SPRY4-IT1 knockdown
markedly reduced SKA2 expression in U251 cells. However,
the biological function of SKA?2 in glioma remains unknown.
The present study provides evidence that SKA2 serves an
oncogenic role in U251 cells. SKA2 knockdown suppressed
cellular proliferation and the invasiveness of U251 cells. The
mechanism behind these behaviors may be associated with the
decreased expression of proteins associated with proliferation
and invasion. However, the precise molecular mechanism of
how SPRY4-IT1 regulates SKA?2 expression remains unclear
and requires further study.

In conclusion, to the best of our knowledge for the first
time, the present study demonstrated that SPRY4-IT1
expression was increased in glioma tissues, whereas the
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knockdown of SPRY4-IT1 inhibited U251 cells growth,
migration and invasion. SPRY4-IT1 may control the
glioma malignant phenotype via regulation of SKA2
expression. Further investigation of the functional and
clinical implications of SPRY4-IT1 and its target SKA2 may
facilitate the identification of novel therapeutic targets for
glioma.
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