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LncRNA TUGI1 promotes the development
of osteosarcoma through RUNX2
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Abstract. The IncRNA taurine-upregulated gene 1 (TUGI)
is known to serve a role as an oncogene in the development
of a number of human malignancies. However, the function-
ality of TUGI in osteosarcoma remains poorly characterized.
Therefore, the aim of the present study was to explore the role
of TUGI in osteosarcoma. TUGI expression in tumor tissues,
adjacent healthy tissues and plasma from 40 osteosarcoma
patients and 40 healthy controls was detected using reverse
transcription-quantitative PCR. Receiver operating character-
istic curves were used to analyze the diagnostic value of TUG1
for osteosarcoma while the prognostic value of TUGI for
osteosarcoma was analyzed using the Kaplan-Meier method.
TUGI expression vectors and siRNAs were transfected into
MG-63 and U20S osteosarcoma cell lines, and the effects on
osteosarcoma cell viability, migration and invasion were tested
using Cell Counting kit-8 and Transwell assays. The effects
of TUGI overexpression on runt-related transcription factor 2
(RUNX?2) expression were also detected using western blot-
ting. TUGI expression was found to be significantly higher in
osteosarcoma tissues compared with adjacent healthy tissues,
and in the plasma of osteosarcoma patients compared with
healthy controls. TUGI expression also exhibited significant
diagnostic and prognostic value for osteosarcoma. TUGI
overexpression and knockdown respectively increased and
reducedosteosarcoma cell viability, migration and invasion. In
addition, TUGI overexpression upregulated RUNX?2 expres-
sion. These results suggest that IncRNA TUGI1 may promote
the development of osteosarcoma by modulating RUNX?2 and
TUGI expression, which can serve as prognostic and diag-
nostic markers for this malignancy.
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Introduction

Osteosarcoma is the most common type of primary malignant
tumor in the bone tissue (1). Whilst most younger patients
(10-30 years old) suffer from primary conventional osteo-
sarcoma, elderly patients (>65 years) are more likely have
secondary osteosarcoma (2). Osteosarcoma mainly originates
from the long bones, but other bones may also be affected by
the disease (3). It is estimated that between 0.8 and 11 indi-
viduals per 100,000 are affected by this disease (4), with 1,000
new cases of osteosarcoma reported in the United States every
year (2). Despite the low incidence rate, osteosarcoma is consid-
ered to be an important cause of cancer-related mortality (3).
Patients with osteosarcoma are usually treated with aggressive
adjuvant chemotherapy and surgical resection (3,4). With the
development of novel treatment strategies, treatment outcomes
of osteosarcoma have improved significantly during the past
decades (1). However, the prognosis for osteosarcoma patients
remains fairly poor, particularly for patients with metastatic or
recurrent osteosarcoma, for whom the 5-year survival rate is
<25% (3).

The development of osteosarcoma is a complex process
that involves a number of internal and external factors. High
levels of genomic instability are common in patients with
osteosarcoma, and activation of oncogenes and mutations of
tumor suppressor genes have been found to be at least partially
responsible for the occurrence of this disease (1). The role of
noncoding RNAs has been extensively studied in a variety
of pathophysiological processes (5). Long non-coding RNA
(IncRNA) is a group of noncoding RNAs that are >200 nucleo-
tides in length (6), and significantly longer than miRNA,
siRNA and other short noncoding RNAs. One such IncRNA,
taurine-upregulated gene 1 (TUGI), has been demonstrated
to serve different functions in different types of malignan-
cies (7,8). In glioma, TUGI acts as a tumor suppressor gene
by promoting cancer cell apoptosis (7), whereas it has been
reported to be upregulated in esophageal squamous cell
carcinoma, where it promotes cancer cell proliferation and
migration (8). In addition, TUGI has been reported to be
upregulated in osteosarcoma, with this upregulation being
closely correlated with poor prognosis of osteosarcoma
patients (9). However, the functionality of this remains unclear.

In the present study, the expression of TUGI in the tumor
tissues and adjacent healthy tissues of osteosarcoma patients,
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and in plasma samples from osteosarcoma patients and
healthy controls was analyzed. The diagnostic and prognostic
values of TUGI for osteosarcoma were analyzed. In addition,
the effects of TUGI overexpression and silencing on osteosar-
coma cell viability, migration and invasion were tested. The
effects of TUGI overexpression on proteins associated with
the epithelial-mesenchymal transition (EMT) pathway were
also explored.

Materials and methods

Patients. A total of 40 patients with osteosarcoma (22 males
and 18 females; age range, 11-78 years; average age,
41+11.1 years) were selected in the 2nd Affiliated Hospital
of Zhejiang University School of Medicine (Zhejiang, China)
from January 2009 to January 2011. Inclusion criteria: i) All
patients were diagnosed by pathological and imaging examina-
tion; ii) newly diagnosed cases. Exclusion criteria: i) Recurrent
patients; ii) patients who have been treated; iii) patients
with multiple newly diagnosed clinical disorders. Distant
metastasis was detected in 26 patients. All patients received
surgical resections, with tumor tissues and adjacent healthy
tissues within the region 0.5 cm from the tumor boundary
being collected during surgery. Within the same timeframe,
40 healthy individuals (20 males and 20 females; age range,
16-72 years; average age, 40+9.8 years) were selected as
controls. Blood (5 ml) was extracted from each patient and
control before therapies under fasting conditions. Blood was
centrifuged in EDTA tubes at room temperature for 10 min at
1,200 x g to obtain plasma. There were no significant differ-
ences in age, sex and other basic information between the two
groups. This study was approved by the ethics committee of
The 2nd Affiliated Hospital of Zhejiang University School of
Medicine, and all patients provided signed informed consent.
Follow-up was performed for 60 months to monitor the
survival of the patients.

Cell lines and cell culture. Human normal bone cell line hFOB
and osteosarcoma cell lines MG-63 and U20S were purchased
from American Type Culture Collection (ATCC). According
to the supplier's protocol, hFOB cells were cultivated in
a mixture of 45% Dulbecco's modified Eagle's medium,
45% Ham's F12 Medium and 10% fetal bovine serum (all
Sigma-Aldrich; Merck KGaA), U20S cells were cultured using
ATCC-formulated McCoy's SA Medium (cat no. 30-2007,
ATCC) containing 10% fetal bovine serum, whilst MG-63
cells were cultured with Eagle's Minimum Essential Medium
(cat no. 30-2003; ATCC) containing 10% heat-inactivated fetal
bovine serum (Sigma-Aldrich; Merck KGaA) maintained in
a humidified atmosphere at 37°C under 5% CO,. Cells were
harvested upon reaching the logarithmic growth phase for
subsequent experiments.

Cell transfection. Silencer™ Select Negative Control
No. 1 siRNA (5-UUCGAGAGAUGCACGGAAAU-3';
cat. no. 4390843) and TUGI siRNA (5-GGGAUAUAGCCA
GAGAACAAUUCU-3'; cat. no. 1299001; both Thermo Fisher
Scientific, Inc.) were used to establish TUGI-silenced cell
lines. A TUGI overexpression vector was established using
pIRSE2-EGFP vector backbone and empty pIRSE2-EGFP
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vector backbone vectors were also used (Clontech Laboratories,
Inc.). The vector construction service was provided by Sangon
Biotech Co., Ltd. Cells (10° in 10 ml media; a different
medium for different cell lines) were cultured overnight to
reach 80-90% confluence, and transfection (40 nM siRNA
or 10 nM vector) was performed using Lipofectamine® 2000
reagent according to the manufacturer's protocol (Invitrogen;
Thermo Fisher Scientific, Inc.). Following experiments were
performed using cells harvested at 24 h post-transfection.

Reverse transcription-quantitative PCR (RT-gPCR). TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.) was used
to extract total RNA from tissues, plasma samples and cell
lines according to the manufacturer's protocol. RNA quality
was assessed using the NanoDrop™ 2000 Spectrophotometer
(Thermo Fisher Scientific, Inc.) to determine the absorbance
values at 260 nm (A260) and A280. Only RNA samples with
A260/A280 ratios of between 1.8 and 2.0 were used for RT
to synthesize cDNA. RT was carried out using RevertAid RT
Reverse Transcription kit (Thermo Fisher Scientific, Inc.) with
the following conditions: 55°C for 30 min and 80°C for 10 min.
gPCR systems were prepared using SYBR® Green Real-Time
PCR Master mix according to the manufacturer's protocol
(Thermo Fisher Scientific, Inc.). The following primers were
used for the qPCR step: TUGI forward, 5-TTGTCACGT
CCACCGGACCTG-3' and reverse, 5S'-CACAAATTCCCA
TCATTCCC-3'; runt-related transcription factor 2 (RUNX?2)
forward, 5'-CCTGAACTCTGCACCAAGTC-3" and reverse,
5-GAGGTGGCAGTGTCATCATC-3'; and B-actin forward,
5'-GACCTCTATGCCAACACAGT-3"' and reverse, 5'-AGT
ACTTGCGCTCAGGAGGA-3'. CFX96 Touch™ Real-Time
PCR Detection System (Bio-Rad Laboratories, Inc.) was used
to perform qPCR. The thermocycling conditions for gPCR
were: Initial denaturation at 95°C for 30 sec, followed by
40 cycles of 95°C for 12 sec and 60°C for 30 sec. Data were
processed using the 2244 method (10). Relative expression
levels of TUGI were normalized to those of the endogenous
control B-actin.

Cell viability assay. Cells were seeded into 96-well plates
at 6x10° cells/well. After incubation for 3-5 h to allow cell
adhesion, 100 ul aforementioned media was added. A total
of 10 pl Cell Counting Kit-8 (CCK-8; Sigma-Aldrich; Merck
KGaA) reagent was added after 24, 48, 72 and 96 h of incuba-
tion. Following incubation for a further 3 h, optical density
values at 450 nm were measured for each well using a micro-
plate reader.

Cell migration and invasion assay. Transwell® cell migration
assay (BD Biosciences) was performed. Briefly, the upper
chamber was seeded with 3x10* cells diluted in serum-free
aforementioned media, while RPMI-1640 medium (Thermo
Fisher Scientific, Inc.) containing 20% fetal calf serum
(Sigma-Aldrich; Merck KGaA) was used to fill the lower
chamber. The membranes of the Transwell chambers were
collected after 24 h incubation, membranes were fixed in 70%
ethanol for 1 min at room temperature, followed by staining
with 0.5% crystal violet (Sigma-Aldrich; Merck KGaA) for
20 min at room temperature. Stained cells were counted under
a light microscope. Five visual fields were selected to count
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Figure 1. Relative expression of long non-coding RNA TUG! in osteosar-
coma tissues and adjacent healthy tissues. Each experiment was repeated
three times. "P<0.05 vs. healthy tissue. TUGI, taurine upregulated gene 1.

cells. In cell invasion assays, the upper chamber was first
pre-coated with 200 mg/nl Matrigel® (cat. no. 356234; EMD
Millipore; Merck KGaA) for 12 h at 37°C, and all other proce-
dures were identical to those of the migration assays. Cell
migration and invasion rates were normalized to cell viability
rates at 24 h using the CCK-8 assay.

Western blot analysis. Total protein extraction was performed
using RIPA solution (Thermo Fisher Scientific, Inc.), and
protein concentration was assessed using a bicinchoninic
acid assay. A total of 30 ug protein from each sample was
separated by 10% SDS-PAGE and then transferred to PVDF
membranes. Blocking was performed by incubation with 5%
skimmed milk in PBS at room temperature for 2 h. Following
washing, membranes were incubated with rabbit polyclonal
anti-RUNX2 (1:1,000; cat. no. ab23981) or rabbit polyclonal
anti-GAPDH (1:1,000; cat. no. ab9485) primary antibodies
(all Abcam) overnight at 4°C. Membranes were washed and
incubated with goat anti-rabbit IgG secondary antibody conju-
gated to horseradish peroxidase (1:1,000; cat. no. MBS435036;
MyBioSource, Inc.) at room temperature for 3 h. Following
another round of washing, ECL (Sigma-Aldrich; Merck
KGaA) was added to visualize the protein bands. Signals were
then scanned using the MYECL™ Imager (Thermo Fisher
Scientific, Inc.). Relative expression levels of each protein were
normalized to those of the endogenous control B-actin using
Image J v1.48 software (National Institutes of Health).

Statistical analysis. SPSS 19.0 software (IBM Corp.) was
used for all statistical analyses. Normally distributed data
are presented as the mean + standard deviation. Comparisons
between two groups were performed using unpaired t-test,
comparisons between tumor and healthy tissues were
performed using paired test, and comparisons among multiple
groups were performed using one-way ANOVA followed by
Tukey's test. Patients with osteosarcoma were divided into
two groups according to the median expression level of TUG1
mRNA in plasma (3.98). Survival curves were plotted using
the Kaplan-Meier method and compared using the log-rank
test. Non-normally distributed data were analyzed using the
Mann-Whitney U test. The associations between clinicopatho-
logical features and TUGI expression levels in plasma were
analyzed using Chi-square test. Receiver operating charac-
teristic (ROC) curve analysis was performed to analyze the
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Table I. Association between clinicopathological features and
TUGI expression levels in plasma.

TUGI expression

Clinicopathological features N  High Low  P-value

Sex 0.53
Male 22 12 10
Female 18 8 10

Age (years) 0.11
>40 21 13 8
<40 19 7 12

Drinking 0.17
Yes 28 16 12
No 12 4 8

Smoking 1.00
Yes 24 12 12
No 16 8 8

Metastasis <0.001
Yes 26 19 7
No 14 1 13

TUGI, taurine-upregulated gene 1.

diagnostic value of TUGI expression for osteosarcoma. P<0.05
was considered to indicate a statistically significant difference.

Results

Relative expression levels of IncRNA TUGI in osteosarcoma
and adjacent healthy tissues. In this study, RT-qPCR was
performed to detect the expression of TUGI IncRNA in the
cancer tissues and adjacent healthy tissues of 40 patients
with osteosarcoma. The expression levels of TUGI were
significantly higher in cancer tissues compared with adjacent
healthy tissues in 37/40 patients (P<0.05; Fig. 1), suggesting
that IncRNA TUGTI is likely to be involved in the development
of osteosarcoma.

Relative expression levels of IncRNA TUGI in the plasma of
osteosarcoma patients and healthy controls. Expression levels
of TUGI in the plasma samples of 40 osteosarcoma patients
and 40 healthy controls were also detected using RT-qPCR.
TUGTI levels in the plasma of osteosarcoma patients were
significantly higher compared with those in healthy controls
(P<0.05; Fig. 2A). ROC curve analysis was also performed to
analyze the diagnostic value of TUGI expression for osteosar-
coma. The area under the curve was calculated to be 0.9447
with a 95% confidence interval of 0.8943-0.9960 (P<0.0001;
Fig. 2B), suggesting that TUG1 expression can be used to
diagnose osteosarcoma effectively.

Factors affecting TUGI expression and prognostic value of
TUGI expression for osteosarcoma. Patients with osteosar-
coma were divided into two groups according to the median
expression levels of TUGI in plasma. LncRNA expression
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Figure 2. Relative expression levels of IncRNA TUGI in the plasma samples of osteosarcoma patients and healthy controls, and their diagnostic value for
osteosarcoma. (A) Relative expression levels of IncRNA TUGTI in the plasma of osteosarcoma patients and healthy controls. (B) Diagnostic value of TUGI for
osteosarcoma. 'P<0.05 vs. Controls. LncRNA, long non-coding RNA; TUGI, taurine upregulated gene 1.

has been found to be dependent on lifestyle factors, including
smoking and drinking (11). In the present study, the expression
level of TUGI was not associated with sex, age, or history of
drinking or smoking, but was associated significantly with
tumor metastasis (P<0.001; Table I), suggesting that TUGI is a
valid diagnostic marker for osteosarcoma. The Kaplan-Meier
method was next applied to produce a survival curve. Overall
patient survival in the group with high TUGI expression
was found to be significantly lower compared with that in
patients with low TUGI expression (P<0.005; Fig. 3). These
results suggest that TUGI can serve as a prognostic marker for
osteosarcoma.

Effects of TUGI knockdown by siRNA and vector-induced
overexpression on osteosarcoma cell viability. The expres-
sion levels of TUGI were found to be significantly lower in
the hFOB human normal bone cell line compared with those
in the MG-63 and U20S osteosarcoma cell lines (P<0.05;
Fig. 4A). According to RT-qPCR results, transfection with
plasmid expressing TUGI significantly increased TUGI
expression (P<0.05; Fig. 4B), whereas transfection with TUG1
siRNA significantly reduced TUGI expression in MG-63
and U20S cells (P<0.05; Fig. 4C), demonstrating that the
transfection was efficient. TUGI overexpression significantly
increased MG-63 and U20S cell viability (P<0.05; Fig. 4D),
while TUGI knockdown significantly reduced cell viability
(P<0.05; Fig. 4E). These data suggest that the expression
level of TUGL is positively associated with viability in osteo-
sarcoma cells.

Effects of TUGI silencing and overexpression on osteosar-
coma cell migration and invasion. Transwell migration and
invasion assays were performed to investigate the effects of
changes in TUGI expression on cell migration and invasion.
TUGI overexpression significantly increased MG-63 and
U20S cell migration and invasion (P<0.05; Fig. 5A and B). By
contrast, TUGI1 knockdown significantly reduced the migra-
tory and invasive capabilities of the same cell lines (P<0.05;
Fig. 5C and D). Those observations suggest that expression
level of TUGI is positively associated with the migration and
invasion abilities of osteosarcoma cells.
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Figure 3. Kaplan-Meier survival curve of patients with high and low expres-
sion of taurine-upregulated gene 1.

TUGI overexpression upregulates RUNX2 expression in
osteosarcoma cells. The RUNX2 protein expression levels of
MG-63 and U20S cells overexpressing TUG1 were evaluated
using western blot analysis. Compared with un-transfected
control and negative control cells transfected with empty
vectors, IncRNA TUGI overexpression resulted in significantly
upregulated RUNX2 expression in both cell lines (P<0.05;
Fig. 6).

Discussion

Osteosarcoma is a rare but devastating disease. Although
genetic factors, including tumor protein P53 and retinoblas-
toma tumor suppressor gene, have been demonstrated to be
involved in the development of osteosarcoma, the pathogenesis
of this disease remains poorly characterized (12,13). LncRNA
is a group of functional RNAs that do not encode proteins.
Despite the lack of protein-coding ability, IncRNAs have been
shown serve a role in almost every aspect of critical biological
and pathological processes (14). Previous studies have found
that the development of osteosarcoma is closely associated with
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Figure 4. Effects of TUGI knockdown and overexpression on cell viability. (A) Relative TUGI expression in normal human bone cell line hFOB and osteosar-
coma cell lines MG-63 and U20S. "P<0.05 vs. hFOB. (B) Relative TUGI expression in MG-63 and U20S cells following transfection with plasmid expressing
TUGI. "P<0.05 vs. C and NC. (C) Relative TUGI expression in MG-63 and U20S cells following transfection with NC or TUG1 siRNA. “P<0.05 vs. C and NC.
(D) Effects of TUGI overexpression on MG-63 and U20S cell viability. (E) Effects of TUG1 knockdown on MG-63 and U20S cell viability. 'P<0.05 vs. C and
NC. Each experiment was repeated three times. For cell viability experiments, all data were normalized to the control group at 96 h. TUGL, taurine upregulated
gene 1; siRNA, small interfering RNA; Over, cells transfected with plasmid expressing TUGI; C, controls cells without any transfection; NC, negative control

cells transfected with empty vector or negative control siRNA.

the abnormal expression of a number of IncRNAs (9,15,16). In
particular, high levels of IncRNA TUGI have been shown to
be associated with poor prognosis in patients with osteosar-
coma (9). In osteosarcoma cell lines, IncRNA TUGI expression
is upregulated compared with that in normal osteoblastic cells,
and the overexpression of IncRNA TUGI promotes osteosar-
coma cell proliferation (15). By contrast, the downregulation
of IncRNA TUGTI has been shown to reduce osteosarcoma
cell proliferation and increase cancer cell apoptosis (16). In
addition, an association of the upregulation of IncRNA TUGI
with the poor survival of osteosarcoma patients has been
reported (9). Consistent with these findings from previous
studies, the present study revealed that the expression levels
of TUGI were significantly higher in osteosarcoma tissues
compared with adjacent healthy tissues. TUGI levels were
also demonstrated to be higher in the plasma samples of osteo-
sarcoma patients compared with those from healthy controls.

Taken together, this suggests that TUG1 may serve a role as an
oncogene in osteosarcoma.

The pathogenesis of certain human malignancies is
frequently accompanied by changes in biological molecules
such as IncRNA in the plasma (17). Notably, plasma IncRNA
has been widely applied in cancer diagnosis; a recent study
reported that the plasma levels of IncRNA SOX2-OT were
significantly increased in patients with osteosarcoma compared
with healthy controls, which indicated poor prognosis (18).
Although IncRNA TUGTI has been reported to be involved in
the development of osteosarcoma, its diagnostic and prognostic
potential for osteosarcoma remain unreported. In the present
study, ROC curve analysis showed that increased levels of
TUGI expression could be used effectively to predict osteosar-
coma. In addition, survival times of patients with higher levels
of TUGI expression were significantly shorter compared with
those of patients with lower expression levels of TUGI, further
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Figure 5. Effects of TUGI knockdown and overexpression on cell migration and invasion. (A) Migration and (B) invasion of MG-63 and U20S cells following
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Figure 6. LncRNA TUGI expression correlates positively with RUNX2
expression in osteosarcoma cells. Western blot analysis of RUNX?2 in MG-63
and U20S cells following IncRNA TUGI overexpression. "P<0.05 vs. NC
and C. LncRNA, long non-coding RNA; TUGI, taurine upregulated gene 1;
RUNX?2, Runt-related transcription factor 2; C, controls cells without any
transfection; NC, negative control cells transfected with empty vectors.

supporting the significant diagnostic and prognostic values
of TUGI expression for osteosarcoma. It is well accepted
that the expression of some IncRNAs can be influenced by
lifestyle factors, including drinking and smoking (11). In the
present study, the levels of TUGI expression did not associate
significantly with age, sex, or history of drinking or smoking
among patients with osteosarcoma. Instead, TUGI expression

levels were found to be associated significantly with tumor
metastasis. These data suggest serum TUGI expression to be a
promising biomarker for osteosarcoma.

TUGI may participate in the development of a number of
human malignancies by regulating cancer cell proliferation,
migration and invasion (9,15,16). Zhang et al (19) found that the
downregulation of TUGI significantly inhibited proliferation,
migration and invasion but promoted apoptosis in renal cell
carcinoma cells, suggesting that TUGI is a promising target
for this disease. In addition, downregulation of TUGI was
also found to inhibit proliferation and promote cell apoptosis
in osteosarcoma cells (20). In the present study, TUGI over-
expression significantly increased osteosarcoma cell viability,
migration and invasion, respectively, while siRNA-mediated
TUGI knockdown and significantly suppressed them. EMT is
one of the key steps for cancer cell migration and invasion (21).
RUNX2 contributes to the growth and metastasis of osteosar-
coma (22). In the present study, expression levels of RUNX2
mRNA positively correlated with those of IncRNA TUGI in
tumor tissues but not in adjacent healthy tissues. LncRNA
TUGI overexpression led to significantly upregulated RUNX?2
in osteosarcoma cell lines. These findings suggest that TUG1
can upregulate RUNX2 to promote osteosarcoma cell migra-
tion and invasion.

Due to the limited number of young participants, the
average age of the research subjects in the present study
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was 41+11.1 years, which does not reflect the general demo-
graphics of this disease and, therefore, serves as a limitation.
In future studies analysis including samples from younger
patients is necessary to confirm the conclusions. In addi-
tion, this present study lacks in vivo experimental data.
Experiments using animal models should also be included in
any future studies.

In conclusion, the expression levels of TUGI1 were found
to be significantly higher in osteosarcoma tissues compared
with adjacent healthy tissues, and to be significantly higher
in the plasma samples of osteosarcoma patients compared
with healthy controls. This suggests that TUGI expression
has significant diagnostic and prognostic value for osteosar-
coma. Mechanistically, TUGI likely promotes osteosarcoma
cell proliferation, migration and invasion by upregulating
RUNX2.
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