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Abstract: Long noncoding RNAs (IncRNAs), a class of ribonucleic molecules, participate in various cellular pro-
cesses. They are highly expressed in several types of cancer and their expression was related to pathophysiological
characteristics of tumor growth, therefore, they can be considered as a promising diagnostic tool and a convenient
prognostic biomarker. SPRY4-IT1, belonging to a group of intron-retained IncRNAs, was reported to affect tumor
development of many types of cancer. However, the expression and the role of SPRY4-IT1 in glioma are still unclear.
Therefore, in this study, we examined for the first time the expression and role of SPRY4-IT1 in glioma cells. The
results of our study showed that SPRY4-IT1 was up-regulated in human glioma tissues and cell lines. Knockdown of
SPRY4-IT1 could inhibit glioma cell growth and migration. Moreover, knockdown of SPRY4-IT1 could inhibit epitheli-
al-mesenchymal transition (EMT) phenotype in glioma cells. Based on these findings, SPRY4-IT1 may be used as a

new target for diagnosis and treatment of glioma.
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Introduction

Glioma, accounting for 10% of tumors develop-
ing in the central nervous system, is the most
common malignant brain tumor [1]. It is catego-
rized into ependymoma, astrocytoma, oligo-
dendroglioma and choroid plexus papilloma [2].
With the infiltrative and invasive features, glio-
ma exhibits high recurrence and low cure rate
[1, 3]. Despite significant progress made in gli-
oma treatment with surgery, chemotherapy and
radiotherapy, the clinical treatment of gliomas
is still unsatisfactory due to the relapse of
residual nidus [4]. Therefore, a better under-
standing of the molecular mechanisms involved
in glioma development will help identify new
diagnostic and therapeutic targets.

Long noncoding RNAs (IncRNAs) are a class of
ribonucleic molecules that are longer than 200
nucleotides but lack protein coding potential
[B]. They share similar features with mRNAs, for
example, some of them are transcribed by RNA
polymerase Il and undergo polyadenylation and
splicing [6, 7]. As important regulatory mole-

cules, IncRNAs participate in various cellular
processes. LncRNAs can be considered as a
promising diagnostic tool and a convenient
prognostic biomarker, for some of them are
highly expressed in several types of cancer and
their expression was associated with patho-
physiological characteristics of tumor growth
[8-11]. For example, the long noncoding RNA
SPRY4-IT1 was reported to have high expres-
sion in melanoma cells and its downregulation
inhibited invasion and proliferation of melano-
ma cells [12]. Zhang et al. reported high expres-
sion of SPRY4-IT1 in renal cancer cell lines and
reduced renal cancer cell proliferation, migra-
tion, and invasion by knockdown of SPRY4-IT1
[13]. Additionally, SPRY4-IT1 was found signifi-
cantly expressed in breast cancer cells and its
suppression could inhibit proliferation and in-
duce apoptosis of breast cancer cells [14].
However, the expression and the role of SPRY4-
IT1 in glioma are still unclear.

In this study, we investigated the effects of
SPRY4-IT1 expression on glioma cells. The
results of our study indicated that knockdown
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Figure 1. Expression of SPRY4-IT1 in glioma tissues
and cell lines. The expression levels of SPRY4-IT1
were measured by gRT-PCR and demonstrated by
the comparative CT method (244°T). A. Higher expres-
sion levels of SPRY4-IT1 were observed in glioma tis-
sues than in the adjacent normal brain tissues. B.
Higher expression levels of SPRY4-IT1 were observed
in two glioma cell lines (U251 and SF295) than in
NHA. The data was expressed as mean + SD of three
independent experiments. *P < 0.05.

of SPRY4-IT1 inhibited proliferation, migration
and EMT of glioma cells.

Materials and methods
Patients and clinical sample collection

The primary glioma tissues and the adjacent
normal brain tissues were obtained from 18
glioma patients at the Department of Neu-
rosurgery or Oncology, the Second Hospital of
Hebei Medical University, during 2006 to 2010.
These patients included 10 women and 8 men,
with median age of 61. All the tissues were col-
lected and frozen in guanidinium thiocyanate
solution at -80°C for future experiments. The
informed consent was provided by all the pa-
tients and all the experiments were approved
by the Institute Research Ethics Committee
according to the Helsinki Declaration.

Cell culture

The human glioma cell lines (U251 and SF295)
and the normal human astrocytes (NHA) were
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purchased from the American Type Culture
Collection (ATCC, USA). All the cells were cul-
tured in RPMI 1640 medium (Invitrogen,
Carlsbad, CA) supplemented with 10% FBS
(Gibco, USA), 50 U/mL penicillin and 50 yg/mL
streptomycin (Sigma, St. Louis, MO, USA) in a
humidified incubator with 5% CO, at 37°C.

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated from the tissues or cells
using Trizol reagent (Life Technologies). The
synthesis of cDNA was performed with a re-
verse transcription kit (Takara). The primers for
gRT-PCR were as follows: SPRY4-IT1, 5-AGCCA-
CATAAATTCAGCAGA-3’ (forward) and 5’-CGATG-
TAGTAGGATTCCTTTCA-3’ (reverse); E-cadherin,
5-GGTTATTCCTCCCATCAGCT-3’ (forward) and
5-CTTGGCTGAGGATGGTGTA-3’ (reverse); Fibro-
nectin, 5-GGACATGCATTGCCTACTCG-3’ (forwa-
rd) and 5-GAATCCTGGCATTGGTCGAC-3’ (rever-
se); Vimentin, 5-GAGTCCACTGAGTACCGGAG-3’
(forward) and 5-ACGAGCCATTTCCTCCTTCA-3’
(reverse); GAPDH, 5-GACTCATGACCACAGTCCA-
TGC-3’ (forward) and 5-AGAGGCAGGGATGATG-
TTCTG-3’ (reverse). GAPDH was used for nor-
malization of the qRT-PCR results. The qRT-PCR
was performed for 40 cycles with the following
conditions: 94°C for 10 min, 55°C for 30 s, and
72°C for 20 s. Data collection and analysis
were performed with SDS2.3 Soft-ware (Applied
Biosystems). The results were expressed by the
comparative CT method (222¢T) as previously
described [15].

Western blot

Cells at the logarithmic phase were lysed in
lysis buffer. The total proteins were extracted
by 12% SDS-PAGE, transferred onto PVDF
membranes (Pierce, Rockford, IL, USA) and
then incubated overnight with specific antibod-
ies (Abcam) against E-cadherin, Fibronectin
and Vimentin followed by incubation with HRP-
conjugated secondary antibodies (Abcam).
B-actin (Santa Cruz) was used as control.
Protein expression was detected by a chemilu-
minescence kit (Amersham Biosciences).

SiRNA to knockdown SPRY4-IT1 in glioma cells
and transfection

SPRY4-IT1 siRNA (si-SPRY4-IT1) and scrambled
negative control siRNA (si-NC) were purchased
from Life Technologies. The sequences of si-
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Figure 2. Effects of SPRY4-IT1 expression on glioma cell proliferation. After transfection with si-SPRY4-IT1, qRT-PCR
analysis was performed to detect the expression levels of SPRY4-IT1 in glioma cells, and MTT assay was performed
to determine glioma cell proliferation. For U251 cells, a remarkable decrease in SPRY4-IT1 expression (A) and cell
proliferation (C) was found, compared to the si-NC group. For SF295 cells, a similar decrease in SPRY4-IT1 expres-
sion (B) and cell proliferation (D) was observed. The results were expressed as mean + SD of three individual experi-

ments. *P < 0.05.

SPRY4-IT1 were 5-CCCAGAATGTTGACAGCTG-
CCTCTT-3". Human glioma U251 and SF295
cells were transfected with si-SPRY4-IT1 or
si-NC, using Lipofectamine 2000 transfection
reagent (Invitrogen, Carlsbad, CA) according to
the manufacturer’s instruction. After 48 h
transfection with siRNA, the cells were harv-
ested for qRT-PCR to detect the transfection
efficiency.

Cell proliferation assay

The proliferative capacity of the glioma cells
was examined by MTT assay. After transfection
with si-SPRY4-IT1 or si-NC, the U251 and SF295
cells were seeded in the 96-well plate and cul-
tured for 24 h, at a density of 1x10° cells/well.
Then the cells were treated with 100 pg MTT
solution (Sigma) after 24, 48, 72 and 96 h incu-
bation. The absorbance was measured at 490
nm with a microplate reader (Thermo Scientific,
Hudson, NH). Three individual experiments we-
re performed.
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Cell migration assay

Migration assays were performed in a 24-well
transwell chamber (BD Biosciences, San Jose,
CA, USA) according to the manufacturer’s
instruction. After transfection, 1x10° cells were
collected and suspended in serum-free medi-
um. Then, the upper chamber is filled with cell
suspensions and the bottom chamber with cul-
ture medium containing 10% FBS. After 48 h
incubation at 37°C, the cells migrating to the
lower surface of the insert were fixed and
stained with 0.1% crystal violet and counted
under a microscope (200x, Olympus, Tokyo,
Japan).

Statistical analysis

SPSS software (SPSS, Inc., Chicago, IL, USA)
was applied for statistical analysis. The results
were expressed as mean * standard deviation
(SD). All experiments were conducted for at
least three times and P < 0.05 was considered
statistically significant.

Int J Clin Exp Pathol 2015;8(8):9140-9146
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Figure 3. Effects of SPRY4-IT1 expression on glioma
cell migration. Transwell assays were performed to
investigate the migratory capacity of glioma cells. A.
U251 cells transfected with si-SPRY4-IT1 exhibited a
lower migratory capacity in comparison with those
transfected with si-NC. B. SF295 cells transfected
with si-SPRY4-IT1 exhibited a lower migratory capac-
ity in comparison with those transfected with si-NC.
The number of migrating cells was counted under a
microscope and the results were shown as means *
SD of three replicate experiments. *P < 0.05.

Results

Expression of SPRY4-IT1 in glioma tissues and
cell lines

The expression levels of SPRY4-IT1 in 18 pa-
tients with glioma were measured by qRT-PCR.
In comparison with the adjacent normal brain
tissues, the glioma tissues had a significantly
increased SPRY4-IT1 mRNA expression (Figure
1A). The expression levels of SPRY4-IT1 in glio-
ma cell lines (U251 and SF295) and NHA were
also detected. The results indicated that the
MRNA expression of SPRY4-IT1 was higher in
glioma cell lines than in NHA (Figure 1B).

Effects of SPRY4-IT1 expression on glioma cell
proliferation

To investigate the potential role of SPRY4-IT1 in
proliferation of glioma cells, we constructed
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SPRY4-IT1 knockdown glioma cell lines. As
shown in Figure 2A, knockdown of SPRY4-IT1
significantly decreased SPRY4-IT1 mRNA ex-
pression in U251 cells, as compared with the
si-NC group. Similar results were found in
SF2925 cells (Figure 2B). Then, we performed
MTT assays to detect the effects of SPRY4-IT1
on glioma cell proliferation. As shown in Figure
2C, si-SPRY4-IT1 exhibited a lower proliferative
rate in U251 cells, in comparison with the si-NC
group. And, si-SPRY4-IT1 also remarkably inhib-
ited the proliferation of SF2925 cells (Figure
2D). The results indicated that downregulation
of SPRY4-IT1 could reduce proliferation of glio-
ma cells.

Effects of SPRY4-IT1 expression on glioma cell
migration

Then we performed migration assays to detect
the effect of SPRY4-IT1 on cell migration in glio-
ma cells. The migration assays showed that the
migratory rate of U251 and SF295 cells trans-
fected with si-SPRY4-IT1 was significantly redu-
ced in comparison with si-NC groups (Figure 3).
The results suggested that knockdown of
SPRY4-IT1 could decrease migration of glioma
cells.

Effects of SPRY4-IT1 expression on glioma cell
EMT

To measure the effect of SPRY4-IT1 on EMT of
glioma cells, both gRT-PCR and western blot
were performed to examine the expression of
EMT-related markers in U251 and SF295 cells
after transfection with si-SPRY4-IT1. As shown
in Figure 4, downregulation of SPRY4-IT1 in
U251 and SF295 cells remarkably increased
the expression of E-cadherin (marker of epithe-
lial cells) and meanwhile greatly decreased the
expression of fibronectin and vimentin (mark-
ers of mesenchymal cells), in comparison with
control groups. The results displayed that
downregulation of SPRY4-IT1 obviously blocked
the EMT process.

Discussion

From genomic microarray analysis and cDNA
cloning studies, we know that over 90% of the
human genome transcriptional products are
non-protein coding RNAs (ncRNAs) [16-18].
Among ncRNAs, microRNAs (miRNA) are proved
to play a significant role in the post-transcrip-
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Figure 4. Effects of SPRY4-IT1 expression on glioma cell EMT. The expression of EMT-related molecular markers in
U251 cells was analyzed by gRT-PCR (A) and western blot (B) respectively. The expression of EMT-related molecular
markers in SF295 cells was analyzed by qRT-PCR (C) and western blot (D) respectively. The data was expressed as

mean * SD of three individual experiments. *P < 0.05.

tional regulation of the target genes. Among
these biological RNAs, the newly discovered
IncRNAs are important ones. There is accumu-
lating evidence showing the contribution of
IncRNAs to tumorigenesis. Besides, a consider-
able progress has been made in identification
of the structural and regulatory roles of IncRNAs
in some biological processes such as cell prolif-
eration and migration as well as epithelial-mes-
enchymal transition in many types of cancer
[19-22].

SPRY4-IT1, belonging to a group of intron-
retained IncRNAs, was processed by cleavage
of a 244 nt 5’ fragment prior to transport to the
cytoplasm [23]. Its dysregulation was reported
to affect tumor development of many types of
cancer. In this study, we examined for the first
time the clinical significance of SPRY4-IT1 in
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glioma cells. We observed a remarkably higher
expression of SPRY4-IT1 in glioma tissues and
cell lines than in the normal brain tissues and
NHA. These results showed that SPRY4-IT1
expression may be applied as a prognostic fac-
tor for patients with glioma.

Khaitan et al. reported that downregulation of
SPRY4-IT1 reduced cell growth, invasion and
migration and induced apoptosis in melanoma
cells [24]. Besides, it was reported that SPRY4-
IT1 affected the cell proliferation, invasion and
migration of human esophageal squamous cell
carcinoma and its knockdown could lead to a
decrease in cell proliferation, invasion and
migration [25]. Based on the experiment results
of this study, we found the important role of
SPRY4-IT1 in cell growth, migration and EMT of
glioma cells and thus identify the biological
function of SPRY4-IT1 in glioma.

Int J Clin Exp Pathol 2015;8(8):9140-9146
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To further understand the mechanism of
SPRY4-IT1 in glioma cell process, we performed
related experiments and found that knockdown
of SPRY4-IT1 could greatly decrease prolifera-
tion, migration and EMT of glioma cells com-
pared with the control group, indicating that
downregulation of SPRY4-IT1 could inhibit the
development of glioma.

Despite biological effects of SPRY4-IT1 on glio-
ma cells, a cell function may be regulated by
multiple IncRNAs. Therefore, other target In-
cRNAs may also be involved in the modulation
of glioma cells and more studies will be needed
to prove this point. Moreover, the time-consum-
ing study is still being performed on molecular
mechanisms of IncRNAs [26]. To date, there are
limited hypothetical mechanisms proposed, via
which IncRNAs exerted their effects: guiding
chromatin-modifying complexes [27, 28]; bind-
ing to miRNAs to block their binding to the tar-
get mRNAs [29]; binding to the promoters to
modulate transcriptional factors [30, 31].
However, which mechanism was applied by
SPRY4- IT1 to regulate the glioma cells remains
to be further examined.

In conclusion, we demonstrated that SPRY4-IT1
could promote proliferation, metastasis and
EMT of glioma cells and its knockdown could
inhibit glioma cell growth, migration and EMT.
Therefore, SPRY4-IT1 may be used as a new
target for diagnosis and treatment of glioma.
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