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Downregulation of the long non-coding RNA
taurine-upregulated gene 1 inhibits glioma cell
proliferation and invasion and promotes apoptosis
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Abstract. Expression of the long non-coding RNA
taurine-upregulated gene 1 (TUG]) is associated with various
aggressive tumors. The present study aimed to investigate the
biological function of TUGI in regulating apoptosis, prolif-
eration, invasion and cell cycle distribution in human glioma
U251 cells. Lentivirus-mediated TUGI-specific microRNA
was transfected into U251 cells to abrogate the expression of
TUGI. Flow cytometry analysis was used to examine the cell
cycle distribution and apoptosis of U251 cells. Cellular prolif-
eration was examined using Cell Counting Kit-8 (CCK-8)
assays and invasion was examined by Transwell assays. The
apoptotic rate of cells in the TUGI1-knockdown group was
significantly higher than in the negative control (NC) group
(11.58 vs. 9.14%, P<0.01). CCK-8 assay data demonstrated that
the proliferative ability of cells within the TUGI-knockdown
group was lower compared with that of the NC group. A
Transwell invasion assay was performed, which revealed that
the number of invaded cells from the TUGI-knockdown group
was the less compared with that of the NC group. In addition,
the G,/G, phase population was significantly increased within
the treated group (44.85 vs. 38.45%, P<0.01), as measured
by flow cytometry. The present study demonstrated that the
downregulation of TUGI may inhibit proliferation and inva-
sion, and promote glioma U251 cell apoptosis. In addition,
knockdown of TUGI may have an effect on cell cycle arrest.

Correspondence to: Dr Jun Yang, Department of Neurosurgery,
Qilu Hospital of Shandong University, 107 Wen Hua Xi lu, Lixia,
Jinan, Shandong 250012, P.R. China

E-mail: yangjun6778@126.com

Key words: taurine-upregulated gene 1, glioma, apoptosis,
proliferation

The data presented in the current study indicated that TUGI
may be a novel therapeutic target for glioma.

Introduction

Glioma is the most common brain tumor in humans, and
is associated with various genetic disorders (1). Patient
with glioma continue to have extremely poor prognoses,
despite recent advances in chemotherapy, radiotherapy and
surgery (1); the median survival in patients with glioblastoma
multiforme (World Health Organization, grade IV) may be
only 12-15 months (2).

The non-coding RNAs, including microRNAs (miRNAs)
and long non-coding RNAs (IncRNAs), have been demon-
strated to serve pivotal functions in the cancer-associated gene
regulatory system (3). miRNAs may influence the growth, (3)
invasion (4) and apoptosis (5) of glioma by binding with
target mRNA sequences. Prior studies have revealed that
IncRNAs, non-coding RNAs >200 nucleotides in length, have
additionally exhibited tumor regulatory functions (6).

Data from previous studies demonstrated that IncRNAs
may function via diverse molecular mechanisms. i) Regulation
in the transcription of mRNAs; for example, IncRNA DIx6
antisense RNA may cooperate with the transcription factor
distal-less homeobox 2 (DIx2) to activate the transcription
of DIx5/6 (6). ii) Post-transcriptional regulation of mRNA
splicing; for example, the IncRNA zinc finger E-box-binding
homeobox 2 (Zeb2) antisense RNA may bind with the
5'-untranslated region (UTR) intron splice site in the Zeb2
mRNA to prevent splicing of the Zeb2 5'-UTR, increasing the
expression levels of Zeb2 protein (7). iii) Epigenetic modifica-
tions; for instance, IncRNA HOX transcript antisense RNA
(HOTAIR) may recruit polycomb repressive complex 2 to the
homeobox D locus, then induce epigenetic silencing at the
HOXD locus, resulting in the inhibition of transcription (8).

In addition, Salmena et al (9) proposed the hypothesis
of the competing endogenous RNAs in order to explain the
function of IncRNAs. The hypothesis states that miRNAs
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may bind to sequences with partial complementarity to target
RNAs, known as microRNA response elements (MREs), in
order to inhibit the expression of these target RNAs. These
MRESs exist between mRNAs and IncRNAs, and IncRNAs
may competitively bind with certain miRNAs to alleviate the
miRNAs-dependent inhibition of mRNA translation. This
means that IncRNAs may also influence the expression of
coding RNAs via miRNAs (9).

Taurine-upregulated gene 1 (TUGI), a 7.1 kb IncRNA,
was first detected via a screening for genes upregulated by
taurine in developing mouse retinal cells by Young et al (10).
Previous studies have demonstrated that TUGI expression was
upregulated in esophageal squamous cell carcinoma (ESCC),
potentially promoting the proliferation of ESCC (11), whereas
its expression was downregulated in non-small cell lung
carcinoma (NSCLC) (12). However, the function of TUGI1
in glioma remains unknown. In the present study, a lentiviral
TUGI-interference vector was constructed to downregulate
the expression of TUGI and the impact of TUGI on glioma
cell apoptosis, proliferation, cell cycle and invasion was
assessed in vitro.

Materials and methods

Cell lines and lentiviral infection. The human glioblas-
toma U251 cell line was purchased from the Cell Bank of
Type Culture Collection of Chinese Academy of Sciences
(Shanghai, China). The cells were cultured in Dulbecco's
modified Eagle's medium (DMEM) containing 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) in an atmosphere with 5% CO, at
37°C. For transfection, the cell suspension was seeded into
a 6-well plate at a density of 2x10° cells/well for 24 h. The
plasmid used was pLenti6.3-MCS/V5 DEST, which was
constructed by R&S Biotechnology Co., Ltd, (Shanghai,
China). Then, the cells were transfected with lentivirus-medi-
ated TUGI-miRNA (TUGI-interfered group; treated
group)orlentiviruswithoutmiRNAs (lenti-EGFP-TUGI1-miR-1,
782 ng/ul, OD (260/280)=1.98; lenti-EGFP-TUG1-miR-2,
890 ng/ul, OD (260/280)=1.99; lenti-EGFP-TUG1-miR-3,
1,230 ng/ul, OD (260/280)=2.0; lenti-EGFP-TUG1-miR-4,
1,200 ng/ul, OD (260/280)=1.98) (negative control group;
NC group; multiplicity of infection=2). The lentiviral vectors
without miRNAs and packaging vectors (POLO3000; R&S
Biotechnology Co., Ltd.) were transfected into U251 cells.
Half of each group (U251, NC and TUGI-interfered cells)
were harvested at 48 h, and the other at 72 h following
transfection, at each time point the infection rate was
measured with a fluorescence microscope at magnification,
x100. Excitation at 488 nm was used for visualization and
green fluorescent protein was used). When the infection
rate reached =70%, 2 mg/ml blasticidin (InvivoGen, San
Diego, CA, USA) was added into cells for BSD filtering,
during which the cells without lentiviral infection were dead.
After 6 days, the concentration of blasticidin was reduced
to 1 mg/ml, and the stable infected cells (BS-positive) were
maintained in culture for additional analysis, in Dulbecco's
modified Eagle's medium (DMEM) containing 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA) in an atmosphere with 5% CO, at 37°C.
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Construction of the miRNA lentiviral expression vector.
There are four RNA interference candidate target sequences
for human IncRNA TUGI, as follows: 5-"-TGTGAGCTGTTT
CTATGCATA-3"; 5'-CTTTGTTAGTTGTCAGCTGCT-3";
5-CTCTTGTTATCAGCCATGGTA-3' and 5"AGTTCGAAA
GCCGCGTCCATT-3". TUGI-specific miRNA sequences
which consisted of artificial RNA for the interference of
TUGI, including miTUGI-1 to miTUGI-4, were designed by
R&S Biotechnology, Co., Ltd. All oligonucleotides encoding
miRNA sequences were synthesized via polymerase chain
reaction (PCR). The thermocycler conditions for the PCR
reaction were as follows: Initial pre-denaturation at 95.0°C for
3 min, denaturation at 94.0°C for 30 sec, annealing at 58.0°C
for 30 sec and final extension at 68°C for 1 min, for 30 cycles,
using the DNA polymerase Platinum Pfx DNA Polymerase
(cat no. C11708021; Invitrogen; Thermo Fisher Scientific,
Inc.) and annealed into double strands. The primers used are
summarized in Table I (the underlined portions are cutting
sites for Enzyme Ascl and Pmel). The double-strand RNAs
were inserted into pLenti6.3-MCS/V5 DEST lentiviral frame
plasmids containing the same cutting sites as the primers
(R&S Biotechnology Co., Ltd.). To screen the target for the
most effective inference, transduced U251 cells were collected
for quantitative (qQ)PCR on day 2 following transfection.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). TRIzol® (Life Technologies; Thermo Fisher
Scientific, Inc.) was used for cell lysis, following which 130 ul
chloroform (100%) and 130 ul isopropanol (100%) were added
respectively into lysate, by which high quality total RNA
was isolated from the transduced U251 cells. The cDNA kit
(Fermentas; Thermo Fisher Scientific, Inc.; cat no. K1622) was
used according the protocol of the manufacturer, then RNA
was reverse-transcribed to cDNA. qPCR was performed to
determine the target with the most effective interference. The
RNA primers used in qPCR were as follows: -actin forward,
5'-GGCACTCTTCCAGCCTTCC-3, reverse, 5'-GAGCCG
CCGATCCACAC-3' and TUGI forward, 5'-ACGATGCGG
CAGGAACAC-3" and reverse, GATGGAATAGCACAG
GGAAGG-3. The PCR cycling conditions (40 cycles) were
as follows: Pre-denaturation (95.0°C for 2 min), denaturation
(95.0°C for 15 sec), annealing (60.0°C for 20 sec) and extension
(72°C for 20 sec). Then the relative genomic expression was
calculated using the 244%4 method (13). Melting curves were
generated to ensure that only a single product was amplified.
[-actin was used as an internal control.

Cell proliferation assay. Cell proliferation was assayed using
a Cell Counting Kit-8 (R&S Biotechnology Co., Ltd) (CCK-8)
assay. The transfected cells were plated in 96-well plates
(2,000 cells per well, cultured in 5% CO, at 37°C). According
to the manufacturer's protocol, cell proliferation was detected
at every 24 h from O h 5 consecutive times. Prior to each
detection, 10 ul of CCK-8 solution was added to each well and
incubated for 2 h at 37°C. Next, the optical density of each
solution was measured at 450 nm.

Cell apoptosis and cell cycle assay. Flow cytometry analysis
(using the annexin V-FITC-PI apoptosis analysis kit; R&S
Biotechnology Co., Ltd.) was used to examine the cell
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Table I. Primers for polymerase chain reaction of target genes.
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Temperature, Significance of
Primers name Primers sequences °C underlining
Lenti-Ascl-F 5'-TACTGGCGCGCCGCCACCATGGTGAGCAAGGGCGAGGA-3' 60 Ascl cutting site
Lenti-Pmel-R  5-ACTAGTTTAAACTGCGGCCAGATCTGGGC-3' 63 Pmel cutting site

F, forward; R, reverse.

apoptotic rate and the cell cycle following the interference
of TUGI. Transfected cells were harvested following trans-
fection and U251 cells were mixed with propidium iodide
containing RNase (cat no. R5250; Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany), then harvested for 30 min in
4°C without light. The apoptotic rate and cell cycle were exam-
ined with a flow cytometer (BD FACSAria Cell Sorter, BD
Biosciences, Franklin Lakes, NJ, USA) and BD FACSDiva™
software v6.1.3 (BD, Biosciences).

Invasion assay. A Transwell assay, with Transwell inserts
from Corning Incorporated (corning, NY, USA; cat no. 3422)
was performed to investigate the invasiveness of glioma
U251 cells. Prior to cell inoculation, 30 x1 Matrigel was added
to each chamber and incubated for 2 h at 37°C. Transfected
cells were digested by pancreatin to modify the cell concen-
tration to 4x10°/ml and then 0.1 ml of this cell suspension
(cells suspended in DMEM with 10% FBS) was added to
the chamber; 0.6 ml complete medium (DMEM with 10%
FBS) was added to the lower plate for 28 h. The chamber was
then moved into the plate and cell migration was observed.
After 28 h, cells were fixed using 4% paraformaldehyde
(Sigma-Aldrich; Merck KGaA) for 15 min at room tempera-
ture, and the invasion rate and number of cells was analyzed
via crystal violet (purchased at a ready-to-use dilution from
Sigma-Aldrich, CAS no. 548-62-9) staining at room tempera-
ture for 20 min using a light microscope (Olympus BX51/61;
Olympus Corporation, Tokyo, Japan).

Statistical analysis. All experiments were performed in tripli-
cate and all data are presented as mean + standard error of the
mean and were analyzed with SPSS 13.0 statistical software
(SPSS, Inc., Chicago, IL, USA). The apoptotic rate, number of
cells in the lower chamber and cell numbers in the population
of G,/G, phase cells were analyzed by one-way analysis of vari-
ance to analyze statistical significance followed by Scheffé's
post-hoc test. P<0.05 was considered to indicate a statistically
significant difference for all statistical analyses.

Results

Downregulating TUGI expression in U251 cells via lentiviral
vectors transfection. U251 cells were transfected with lentiviral
vectors expressing four different TUGi-targeting miRNAs
and the TUGI expression level was analyzed by qPCR.
TUGI-miRNA#1 was the most effective interfering RNA
(Fig. 1). Therefore, the TUGI-interfered miRNA#I-lentiviral
vector was selected for further analysis.

0.8 1

0.6 1

0.4 4

Relative expression of TUG1

0.2 A

0.0 N
Q,f; S‘O A ¥

Figure 1. TUGI expression levels in U251 cells detected by reverse
transcription-qPCR. Total RNA from the six types of cells was reverse tran-
scribed and amplified with primers via qPCR. The knockdown efficiency of
miRNA#1, miRNA#2, miRNA#3, and miRNA#4 was 91.6, 68.1, 78.5 and
81.7%, respectively, compared with the negative control. Data are expressed
as the mean + standard deviation. “P<0.01 vs. negative control. miRNA,
microRNA; NC, negative control; qPCR, quantitative polymerase chain
reaction; TUGL, taurine-upregulated gene 1.
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Figure 2. Downregulation of TUGI inhibits proliferation of U251 cells.
Proliferation curves were determined by Cell Counting Kit-8 assay. Cell
growth curves and inhibitory rates of cell growth were generated from
OD values obtained at 450 nm. A significant inhibitory effect of cell
proliferation was observed from the 48 h following TUGI downregulation.
Data are expressed as the mean + standard deviation. “P<0.01 vs. negative
control. mi, microRNA; NC, negative control; OD, optical density; TUGI,
taurine-upregulated gene 1.

Downregulation of TUGI inhibits cell proliferation in U251
cells. To investigate the function of TUGI in U251 cell
proliferation, a CCK-8 assay was performed and the optical
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Figure 3. Downregulation of TUGI promotes apoptosis of U251 cells. Apoptosis of (A) U251, (B) U251-NC (B) and (C) U251-miTUG]I cells was analyzed by
flow cytometry. Viable cells were annexin V-APC/PI" (lower left quadrant), dead cells were annexin V-APC/PI* (upper left quadrant), late apoptotic cells were
annexin V-APC*/PI* (upper right quadrant) and early apoptotic cells were annexin V-APC*/PI" (lower right quadrant). (D) The percentage of cells in upper
right quadrant and lower right quadrant were totaled to provide the total number of apoptotic cells. The results demonstrated that the downregulation of TUGI
may promote the apoptosis of U251 cells at 48 h, particularly late apoptosis. Data are expressed as the mean + standard deviation. “P<0.01 vs. negative control.
APC, allophycocyanin; mi, microRNA; NC, negative control; OD, optical density; PI, propidium iodide; TUGI, taurine-upregulated gene 1.

density was measured to calculate the cell proliferation. The
proliferation of glioma U251 cells was significantly inhibited
following the interference of TUGI compared with that in the
negative control group (Fig. 2). The findings of the present
study indicated that TUGI serves a notable role in glioma cell
proliferation.

Downregulation of TUGI promotes cell apoptosis in U251
cells. Flow cytometry analysis was used to examine cell
apoptosis and TUGI function in glioma U251 cell apoptosis.
The apoptotic rates between the negative control group and
TUGI-interfered group were significantly different (Fig. 3).
The apoptotic rate in the U251 cells group without RNA inter-
ference was 8.55% and in the NC group it was 9.14%, whereas
in the TUGI-knockdown group it was 11.58% (F=166.366;
P<0.05; Fig. 3). The findings of the present study indicated that
the downregulation of TUGI expression in glioma cells may
significantly promote cell apoptosis.

Downregulation of TUGI inhibits cell invasion in U251 cells.
A Transwell invasion assay was used to assess the invasiveness
of U251 cells under different TUGI expression conditions.
The number of cells in the lower chamber was significantly
decreased in the TUGI-knockdown group compared with that
in the control group (Fig. 4). These findings demonstrated

that the downregulation of TUGI expression may inhibit the
invasion of glioma U251 cells in vitro.

Downregulation of TUGI induces cell cycle arrest in U251
cells. To investigate the effects of TUGI1-knockdown in glioma,
the expression of TUGI was disrupted via lentivirus infection
and the cell cycle was analyzed via flow cytometry assay in
U251 cells, U251-NC cells,and TUGI-knockdown cells (Fig. 5).
The population of G,/G, phase cells in the TUGI-knockdown
group was significantly increased compared with those in the
U251-NC and untransfected U251 groups (44.85 vs. 38.45
vs. 33.25%, respectively; F=101.392; P<0.05). Conversely,
the S-phase fraction was decreased significantly between the
TUGI-interfered cells and U251-NC cells (31.76 vs. 35.99 vs.
33.13%, respectively; F=5.606; P<0.05). As the data revealed,
downregulation of TUGI expression may induce cell cycle
arrest at the G,/G, phase in glioma.

Discussion

The present study demonstrated that the downregulation of
TUGI expression may promote apoptosis in U251 cells and
inhibit their proliferation and invasion. TUGI1-knockdown
has been associated with cell cycle arrest in G,/G, phase (14).
Glioma has been reported to be the most common type of
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Figure 4. Downregulation of TUGI impairs the invasive ability of U251 cells. Cells that invaded Matrigel were stained with crystal violet, and the OD570 of
the stained cells was calculated to indicate the cell number. Random fields of (A) untransfected U251, (B) NC-transfected U251 and (C) miTUGlI-transfected
U251 cells were visualized using an inverted microscope (magnification, x40). (D) Histograms visualizing the OD570 of each group. Data are expressed as the

mean + standard. “P<0.01 vs. negative control. miTUGI, microRNA targeting taurine-upregulated gene 1; NC, negative control; OD, optical density.
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Figure 5. Downregulation of TUGI triggers cell cycle arrest in glioma cells. (A-C) Results of cell cycle distribution analysis in (A) untransfected,
(B) NC-transfected and (C) miTUGI-transfected U251 cells were analyzed by flow cytometry. (D) The percentage of cells in G,/G,, S and G,/M were
indicated. U251 cells transfected with miTUGI-1 compared with the negative control demonstrated that the cell cycle was significantly arrested at GO/G1
phase in the TUGI-interfered U251 cells. Data are expressed as the mean + standard deviation. “P<0.01 vs. negative control. miTUGI1, microRNA targeting

taurine-upregulated gene 1; NC, negative control.

primary cerebral tumor (1). Owing to the highly invasive growth
pattern of the disease and the frequent occurrence of resistance
to chemotherapy, patients with glioma often succumb to the
disease (15). Previous studies (2,6-7) have demonstrated that
the mutation of tumor protein p53, retinoblastoma protein and

cyclin-dependent kinase inhibitor 2A are involved in the devel-
opment of glioma; however, the etiology and pathogenesis of
glioma remain unclear. Previous studies (3,5,16) have indicated
that miRNAs regulate the expression of target mRNAs, which
can have an effect on tumor behaviors, particularly glioma.
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Over the past few years, a number of IncRNAs have
been identified, including HOTAIR, imprinted maternally
expression transcript (H19), metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) and maternally
expressed 3 (MEG3) (16). Recent studies have demonstrated
that IncRNAs may serve important roles in the genesis and
developmental processes of tumors (5,17,18). For instance,
Li et al (17) demonstrated that the IncRNA HOXA transcript
may promote proliferation, invasion and chemoresistance
in pancreatic ductal adenocarcinoma, and may represent a
potential therapeutic target. Han et al (18) reported that the
IncRNAs expression profiles between glioma and normal
brain tissue differed significantly via gene chip technology
analysis. LncRNAs HOTAIR (19), H19 (20) and MEG3 (21)
have been demonstrated to be associated with glioma,
including proliferation, invasion and apoptosis. Additionally,
the IncRNA tumor suppressor in lung cancer 1l-antisense
RNA (22) and MALATI1 (1) may be factors that allow for
prognostic prediction.

TUGI1 was first identified in the mouse retina and is
expressed during retinal development (10). Han ez al (23)
reported that TUGI is overexpressed in urothelial carcinoma of
the bladder and may be a biomarker of bladder urothelial carci-
noma and/or a novel target of gene therapy. Zhang et al (24)
revealed that downregulating the expression of TUGI could
inhibit osteosarcoma cell proliferation and promote apoptosis,
meaning that TUGI could represent a novel diagnostic marker
and a therapeutic target for patients with osteosarcoma.
Xu et al (11) demonstrated that upregulating TUGI expression
could promote cell proliferation and migration in esophageal
squamous cell carcinoma. However, the association between
TUGI and glioma requires further investigation.

Liu et al (25) assessed the association between glioma and
numerous IncRNAs, including TUGI, and demonstrated that
IncRNAs may be involved in the process of cellular defense
against genotoxic agents; however, the mechanism by which
TUGI affects the biological processes of glioma has not been
reported. To the best of our knowledge, the present study is the
first to investigate the function of TUGI in glioma.

In the present study, a lentivirus containing a TUGI-targeting
miRNA was used to transfect U251 cells, downregulating TUG1
expression. The invasive ability of U251 cells was assessed
using a transwell invasion assay, whereas cellular proliferation
was assayed using a CCK-8 assay. In addition, flow cytometry
analysis was performed to measure cell cycle distribution
and apoptotic rate of cells. Together, these data revealed that
TUGI expression levels might affect the biological progresses
of glioma, including apoptosis, proliferation and invasion. The
Transwell invasion assay demonstrated that TUGI expression
was associated with the invasion of U251 cells and the inva-
siveness was inhibited markedly following TUGI-knockdown.
The CCK-8 assay revealed that proliferation was significantly
inhibited by the interference of TUGI. In addition, the apoptotic
rate of cells in the TUGI-knockdown group was significantly
lower than that of cells in the control group, which indicated
that TUGI might regulate the apoptosis of glioma. Furthermore,
the effects of TUGI interference on the cell cycle in U251 cells
were investigated. The results of the present study revealed that
the downregulation of TUGI induced cell cycle arrest at the
G,/G, phase. Collectively, the present study demonstrated that
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TUGI may be associated with numerous biological processes
in glioma and may serve a role in certain oncogenic processes.

Zhang et al (12) discussed the association between TUGI
expression and NSCLC, revealing that TUGI expression was
downregulated in NSCLC and associated with poor prognosis.
TUGI may be an important factor in the p53-regulatory network;
p53 is a tumor suppressor gene, the mutation of which is associ-
ated with the occurrence and progression of numerous cancer
types, including those of the liver (26), breast (27), bladder (28)
and stomach (29). As reported, p53 may also serve an important
function in the occurrence and development of brain glioma (30).
Previous studies have reported that p53 is involved in cell cycle
arrest, promotion of apoptosis and maintenance of genomic
stability (2,3,8,25). The present study revealed that TUGI may
promote cell apoptosis and induce cell cycle arrest, and down-
regulating TUGI1 may function as a p53 downstream effector.
Therefore, TUGI may be an important factor associated with
p53 and glioma; however, further investigation is required.

In conclusion, the results of the present study revealed that
downregulation of the IncRNA TUGI may promote glioma
cell apoptosis, and inhibit proliferation and invasion in vitro.
Knockdown of TUGI1 may induce cell cycle arrest in G/G,
phase. Thus, the downregulation of TUGI may represent a
novel strategy for gene therapy for glioma.
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