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Long non-coding RNA IncTCF7 predicts poor prognosis
and promotes tumor metastasis in osteosarcoma
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Abstract: The 5-year survival rate of patients with metastatic osteosarcoma remains poor. Therefore, the molecu-
lar mechanisms underlying metastasis of osteosarcoma need to be investigated. Long non-coding RNA IncTCF7
promotes tumor metastasis in liver and lung cancers; however, its role in osteosarcoma remains unclear. In this
study, we found that IncTCF7 expression was significantly higher in osteosarcoma tissues than that in adjacent nor-
mal osteosarcoma tissues and upregulated IncTCF7 expression was significantly correlated with tumor metastasis,
higher TNM grade and lower survival rate. Additionally, we observed that IncTCF7 silencing significantly inhibited
the migration and invasion of osteosarcoma cells, but showed no effects on the proliferation and apoptosis of
these cells. IncTCF7 silencing markedly increased the expression of E-cadherin and decreased the expressions of
N-cadherin, vimentin, matrix metalloproteinase-2 (MMP-2), and MMP-9, which exerted a potentiating effect on EMT.
The result was suggested that IncTCF7 silencing inhibited tumor metastasis in osteosarcoma by possibly inhibiting
EMT process. In conclusion, these observations indicated the potential of IncTCF7 as a biomarker of poor pro-
gnosis and promising target for treating osteosarcoma.

Keywords: Osteosarcoma, long non-coding RNA, IncTCF7, tumor metastasis, epithelial-mesenchymal transition

Introduction with tumor size, clinical stage, post-operative
chemotherapy, recurrence, and poor prognosis
in osteosarcoma [7-9]. The dysregulation of
IncRNAs also affected proliferation, apoptosis,

cell cycle, migration, and invasion of osteosar-

Osteosarcoma, the most common primary
malignant tumor of bone, is a major cause of
cancer-related deaths in children and young

adults worldwide [1, 2]. To date, standard treat-
ments including surgical resection, neoadju-
vant chemotherapy, and radiotherapy have
seen great improvement. However, osteosar-
coma patients have low overall survival rate
owing to tumor recurrence and metastasis [3,
4]. Therefore, it is important to investigate the
molecular mechanisms underlying invasion
and metastasis of osteosarcoma cells, in order
to develop novel therapeutic strategies for
treating osteosarcoma patients.

Long non-coding RNAs (IncRNAs), a class of
endogenous RNAs (>200 nucleotides in length),
are dysregulated in various types of cancers
and play critical roles in tumorigenesis and
metastasis [5, 6]. Increasing evidence has
shown dysregulation of IncCRNAs associated

coma cells [10-12].

The expression of IncTCF7 was dysregulated in
human non-small-cell lung cancer, hepato-
cellular carcinoma, and liver cancer. The
dysregulated IncTCF7 promoted invasiveness
and aggre-ssiveness of these cancer cells [13-
15]. However, the role of IncTCF7 in osteo-
sarcoma remains unclear. In this study, we
explored the expression of IncTCF7 in osteo-
sarcoma tissues and the relationship between
IncTCF7 and clinicopathologic characteristics
of osteosarcoma patients. Further, we explored
the expression and biological function of
IncTCF7 in osteosarcoma cells and investigated
the effect of IncTCF7 on EMT. Thus, we aimed at
investigating a novel therapeutic target for
treating osteosarcoma.
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Table 1. SiRNA sequences and gqRT-PCR prim-
ers

Gene Sequence (5’-3’)
si-IncTCF7-1 AGCCAACATTGTTGGTTAT
si-IncTCF7-2 CACCTAGGTGCTCACTGAA
si-NC UUCUCCGAACGUGUCACGUTT

IncTCF7 forward AGGAGTCCTTGGACCTGAGC
IncTCF7 reverse  AGTGGCTGGCATATAACCAACA
GAPDH forward ~ CCCATCACCATCTTCCAGGAG
GAPDH reverse ~ GTTGTCATGGATGACCTTGGC

Materials and methods
Patients and tissue samples

A total of 104 tissue samples were obtained
from osteosarcoma patients who were recruit-
ed from January 2013 to December 2016 in
the Hunan University of Chinese Medicine,
Luoyang Orthopedic Hospital of Henan
Province, and No.91 central hospital of libera-
tion army before receiving chemotherapy or
radiation therapy. All participants signed
informed consent forms. Diagnosis and clinico-
pathological characteristics were confirmed by
two pathologists. Osteosarcoma tissues and
adjacent normal osteosarcoma tissues (at
least 5 cm away from the primary site) were
obtained during radical resection and immedi-
ately stored at -80°C until used for total RNA
extraction. All experiments were approved by
the Ethics Committee of the Luoyang Orthopedic
Hospital of Henan Province. After radical resec-
tion, all of the patients were followed up with
2-50 months.

Cell culture and siRNA transfection

Human osteoblast (hFOB1.19) and osteosar-
coma (MG-63 and Saos-2) cell lines were
obtained from the Cell Bank of Shanghai
Institutes for Biological Sciences (Shanghai,
China). The hFOB1.19 cells were cultured in
DMEM/F12: Ham’s F12 medium (1:1 v/v;
Hyclone Laboratories Inc., Camarillo, CA, USA)
supplemented with G418 (0.3 pg/mL) and fetal
bovine serum (FBS, 10%). The MG-63 and
Saos-2 cells were cultured in RPMI 1640 medi-
um with FBS (10%; GIBCO BRL, Gaithersburg,
MD, USA), supplemented with penicillin G (100
U/mL) and streptomycin (100 ug/mL) (Sigma-
Aldrich Corp., St. Louis, MO, USA). Cells were
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maintained in 5% CO, at 37°Cin a humidified in-
cubator. The siRNAs for IncTCF7 (si-IncTCF7)
and negative control (si-NC) were synthesized
by GenePharma Co., Ltd. (Shanghai, China). The
cells were transfected using Lipofectamine
3000 (Invitrogen, Carlsbad, CA, USA), accord-
ing to the manufacturer’s instructions. The
siRNA sequences have been shown in Table 1.

Quantitative real-time polymerase chain
reation (QRT-PCR)

The expression level of IncTCF7 was measured
using qRT-PCR. Firstly, total RNA was extracted
using Trizol reagent (Invitrogen) according to
the manufacturer’s instructions. Next, cDNA
was synthesized using the PrimeScript RT
Reagent Kit with gDNA Eraser (Takara, Dalian,
Liaoning, China). gRT-PCR was performed using
the SYBR Premix Ex Taq (Takara) via ABI 7500
Fast Real-Time PCR system (Foster City, CA,
USA). The GAPDH was used as an endogenous
control. The relative expression was calculated
in terms of the fold change using the 22Ct
method. All experiments were performed in
triplicates. The sequences of all primers are
shown in Table 1. Each experiment was repeat-
ed three times.

Proliferation and apoptosis assays

The CCK-8 assay kit reagent (Beyotime, Shang-
hai, China) was used for measuring cell prolif-
eration. The transfected cells (5 x 10° per well)
were seeded in a 96-well plate in triplicates
and incubated at 37°C. After culturing for 24,
48, and 72 hours, the CCK-8 reagent (10 pL)
was added to each well and the plates were
incubated at 37°C for 4 h. Absorbance at 450
nm was measured using the MK3 microplate
reader (Thermo Fisher Scientific, Rockford, IL,
USA). For measuring apoptosis, 1 x 10° trans-
fected cells per well were seeded in 6-well
plates and the plates were incubated at 37°C
for 48 h. Next, the transfected cells were har-
vested, digested with trypsin, and centrifuged
at 2,000 x g for 5 min. The cell pellet (5 x 103
cells) was resuspended in the binding buffer
(500 pL) and incubated with Annexin V-FITC (5
pL) and PI (5 pL) for 15 min in dark. Apoptotic
cell death was analyzed using flow cytometry
(BD Biosciences, San Jose, CA, USA). Each
experiment was repeated thrice.
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Figure 1. Expression of IncTCF7 is up-regulated and IncTCF7 is a prognostic marker in osteosarcoma. A: The Ex-
pression of IncTCF7 was significantly higher in osteosarcoma tissues than that in adjacent normal osteosarcoma
tissues. B: The number of osteosarcoma patients vs. the ratio (IncTCF7 expression in osteosarcoma tissues/in ad-
jacent normal osteosarcoma tissues). C: High IncTCF7 expression group had a significantly lower survival rate than

those of the low expression group.

Migration and invasion assays

The migration and invasion assays were per-
formed using the Transwell chambers, as
described previously [16]. For the cell migration
assay, b x 10* transfected cells were resus-
pended in serum-free RPMI 1640 medium and
seeded in the upper Transwell chamber (24-
well insert, 8 mm pore size; Corning Costar,
Cambridge, MA, USA). Next, RPMI 1640 medi-
um (500 mL) containing FBS (10%) was added
to the lower Transwell chamber. For the cell
invasion assay, the Transwell chamber mem-
brane was precoated with Matrigel (30 mL; BD
Biosciences, Franklin Lakes, NJ, USA). Next, 1 x
10° transfected cells were seeded in the upper
Transwell chamber, and DMEM (500 mL) con-
taining FBS (10%) was added to the lower
Transwell chamber. After culturing for 48 h, the
cells in the lower chambers were fixed and
counted in six independent microscopic fields
per well, using an Olympus microscope (ma-
gnification, 200 x; Olympus, Japan).

Western blotting
Western blotting was performed to analyze the

expression of MMP-2, MMP-9, E-cadherin,
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N-cadherin, and vimentin, as described previ-
ously [16]. Briefly, total protein was extracted
using RIPA buffer (Takara), estimated using the
BCA Protein Assay kit (Thermo Fisher Scientific),
separated on 10% SDS-PAGE, and transferred
onto nitrocellulose membranes. The mebranes
were incubated with specific primary antibodies
against MMP-2 (1:1000), MMP-9 (1:900),
E-cadherin (1:10000), N-cadherin (1:500), and
vimentin (1:600) respectively. Next, the mem-
branes were incubated with HRP-conjugated
goat anti-rabbit 1gG H&L secondary antibody
(1:10000; Southern Biotech, Birmingham, AL,
USA) for 40 min. Protein bands were visualized
using ECL (Thermo Fisher Scientific). Protein
expression was normalized relative to GAPDH
expression. All primary antibodies were pur-
chased from Abcam (Cambridge, MA, USA).

Statistical analysis

All data were expressed as mean * standard
deviation (SD) and analyzed using the SPSS
19.0 software (IBM, Chicago, IL). The differenc-
es of IncTCF7 expression between osteosarco-
ma tissues and adjacent normal osteosarcoma
tissues were evaluated using independent
t-tests. Survival rates were estimated using the
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Table 2. Association of IncTCF7 expression with clinical
parameters in osteosarcoma patients (mean + SD)

Results

Expression of IncTCF7 is up-regulated

Characteristics Number  Expression ¢ p and IncTCE7 is ! .

(104) (l0g2) prognostic marker in
Age 0996 0.321 osteosarcoma

<20 0 4.31£1.044 QRT-PCR results indicated that IncTCF7
220 34 4.53+1.002 expression in osteosarcoma tissues
Gender 0.069 0.945 was significantly higher than that in
Male 54 4.34+£1.093 adjacent normal osteosacoma tissues
Female 50 4.36+0.970 (P<0.01, Figure 1A). Osteosarcoma
Location 1.065 0.289 patients whose ratio (IncTCF7 expres-
Femur/Tibia 67 4.25+1.021 sion in osteosarcoma tissues/that in
Elsewhere 37 4.48+1.042 adjacent normal osteosarcoma tis-
Tumor size 0.900 0.370 sues)  higher thar; 1 [Iog2(.1)>0]
<5 om 63 4.3041.032 accounteq for 94.23% (98/104, .Flgure
S5 om a1 4.4841.010 1B). Add|t|onall}/, .tr.]e expression of
IncTCF7 was significantly correlated
Metastasis 5442  <0.001* with tumor metastasis and TNM grade,
Yes 29 5.15+0.586 in contrast, there was no significant
No 75 4.07+£0.999 correlation between INncTCF7 expres-
Differentiation 1.317 0.191 sion and age, gender, tumor location,
Well + moderate 78 4.29+0.993 tumor size, tumor differentiation (Table
Poor 26 4.60+1.095 2). Furthermore, to evaluate the prog-
TNM stage 2173 0.032* nostic value of IncTCF7 in patients with
411 68 4.29+0.993 osteosarcoma, we collected survival
Y 36 4.60+1.095 !oerlod dgta from all 104 patients
“P<0.05. mclluded in this §tgdy. Qsteosarcoma
patients were divided into the low
expression group (InCTCF7 expression
) » _ <22.92) and the high expression gr-
Ag 0 . Bg Lz._sl-NC[ si-IncTCF7-1 @ si-Inc TCF7-2 oup (INCTCF7 expression >22.92)
g . — % 10 according to median IncTCF7 expres-
s 7 g sl sion value (22.92). At the time of the
- L N last follow-up (3-48 months after sur-
5 20 — G 081 i i i
E 15 E ol gery), the numbers of alive patients in
210 2l the low and the high expression groups
ﬁg: ﬁo'o_ were 42 (80.76%) and 33 (63.46%),
" hFOB1.19 MG-63 Saos-2 ’ MG-63 respectively. The survival rates for

Figure 2. LncTCF7 expression is upregulated in osteosarcoma cell
lines and is downregulated upon si-IncTCF7 transfection. A: gRT-
PCR analysis showing the expression of IncTCF7 in osteoblast cells
and osteosarcoma cell lines (MG-63 and Saos-2) after culturing
the cells for 24 h. B: qRT-PCR analysis showing the expression of
IncTCF7 in MG-63 and Saos-2 cells transfected with si-IncTCF7-1,
si-IncTCF7-2, or si-NC (48-h post-transfection). ***, P<0.001.

Kaplan-Meier method. The differences in
IncTCF7 expression between hFOB1.19, MG-
63, and Saos-2 cells were evaluated using one-
way analysis of variance (ANOVA), followed by
the LSD post-hoc test. The differences between
si-NC and si-IncTCF7 treatments were evaluat-
ed using independent t-tests. P<0.05 was con-
sidered to be statistically significant.
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each group were estimated using the
Kaplan-Meier method and results are
shown in Figure 1C. Osteosarcoma
patients of the high group had a signifi-
cantly lower survival rate than the
patients of the low group (log rank
X2=7.471, P=0.006).

LncTCF7 expression is upregulated in
osteosarcoma cell lines and is downregulated
upon si-IncTCF7 transfection

After cultured 24 hours, the expression of
IncTCF7 in normal osteoblasts cell hFOB1.19
and osteosarcoma cell lines MG-63 and Saos-2
was measured by qRT-PCR. It was observed
that IncTCF7 expression was obviously higher

Int J Clin Exp Pathol 2017;10(11):10918-10925
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Figure 3. LncTCF7 silencing shows no significant effect on proliferation and apoptosis in the MG-63 and Saos-2
cells. A: Proliferation of MG-63 and Saos-2 cells in si-NC and si-IncTCF7 groups were determined using the CCK-8
assay post-transfection. B: The apoptosis of MG-63 and Saos-2 cells in the si-NC and si-IncTCF7 groups were deter-
mined using flow cytometry, 48-h post-transfection. Data are represented as mean + SD. C: Representative images

showing apoptosis in MG-63 and Saos-2 cells.

in the osteosarcoma cell lines (MG-63 and
Saos-2 cells) than that in the hFOB1.1 osteo-
blast cells (P<0.05, Figure 2A). To study the
biological function of IncTCF7, si-IncTCF7-1 and
si-IncTCF7-2 were transfected in the MG-63
and Saos-2 cells to knockdown the expression
of IncTCF7. At 48-h post-transfection, gqRT-PCR
results confirmed that si-IncTCF7-1- and si-
IncTCF7-2-transfected MG-63 and Saos-2 cells
showed lower expression of IncTCF7 than the
si-NC-transfected cells. It was also observed
that si-IncTCF7-2 showed higher IncTCF7 knock-
down efficiency than si-IncTCF7-1 (P<0.05,
Figure 2B). Thus, si-IncTCF7-2 (henceforth
referred to as si-IncTCF7) was used for further
experiments.

LncTCF7 silencing shows no effect on cell
proliferation and apoptosis

After transfection, cell proliferation and apopto-
sis were analyzed using the CCK-8 assay and
flow cytometric analysis, respectively. The
CCK-8 assay results showed that the prolifera-
tion of MG-63 and Saos-2 cells (24, 48, and
72-h post-transfection) did not decrease signifi-
cantly in the si-IncTCF7 group compared to the
si-NC group at the same time intervals (P>0.05,
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Figure 3A). Similarly, flow cytometric analysis
showed that the apoptosis of MG-63 and Saos-
2 cells did not differ significantly between the
si-IncTCF7 and si-NC groups 48-h post-trans-
fection (P>0.05, Figure 3B and 3C).

LncTCF7 silencing inhibits cell migration and
invasion

Cell migration and invasion were assessed
using the Transwell chamber, 48-h post-trans-
fection. The results showed that IncTCF7 silenc-
ing drastically decreased migration and inva-
sion of the MG-63 cells (P<0.05, Figure 4A).
Similar results were observed for the Saos-2
cells (P<0.05, Figure 4B).

LncTCF7 silencing inhibits the EMT process

The expressions of E-cadherin, N-cadherin, and
vimentin were measured using western blot
analysis to evaluate the effect of IncTCF7
silencing on EMT process. As shown in Figure
5, the expression of E-cadherin was obviously
higher in the si-IncTCF7 group than those in
si-NC group. In contrast, the expressions of
N-cadherin and vimentin were obviously lower
in the si-IncTCF7 group compared to the si-NC
group. As expected, the expressions of MMP-2

Int J Clin Exp Pathol 2017:10(11):10918-10925
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Figure 4. LncTCF7 silencing inhibits the migration and invasion of (A) MG-63, and (B) Saos-2 cells. Data are repre-

sented as mean + SD. ***, P<0.001, compared with si-NC.
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Figure 5. LncTCF7 silencing increased E-cadherin ex-
pression and decreased N-cadherin, vimentin, MMP-
2, and MMP-9 expressions.

and MMP-9 were considerably lower in the si-
IncTCF7 group compared to the si-NC group.
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Discussion

The 5-year survival rate of metastatic osteosar-
coma patients remains poor [17]. Therefore,
understanding the molecular mechanisms
underlying metastasis in osteosarcoma cells
will be useful in developing novel therapeutic
targets for treating metastatic osteosarcoma.
In the present study, we found that IncTCF7
expression was enhanced in osteosarcoma
tissues and upregulated IncTCF7 expression
was significantly correlated with tumor me-
tastasis, higher TNM grade, and lower sur-
vival rate. Furthermore, IncTCF7 silencing obvi-
ously inhibited the migration, invasion, and
EMT in osteosarcoma cells but showed no
effect on the proliferation and apoptosis. Th-
ese results suggested IncTCF7 to be a biomark-
er of poor prognosis and a novel therapeutic
target for treating metastatic osteosarcoma
patients.

Int J Clin Exp Pathol 2017:10(11):10918-10925
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Previous studies have indicated that IncTCF7
expression was significantly increased in tumor
tissues and IncTCF7 promotes migration and
invasion of the liver and lung cancer cells [13,
15, 18]. In this study, we found that IncTCF7
expression was significantly higher in osteosar-
coma tissues than that in adjacent normal
osteosarcoma tissues. Its expression was sig-
nificantly correlated with tumor metastasis and
TNM grade but had no significant correlation
with age, gender, tumor location, tumor size,
tumor differentiation. High IncTCF7 expression
group had a significantly lower survival rate
than those of the low expression group. Our
results indicated that IncTCF7 acts as a bio-
marker of poor prognosis.

We also found that IncTCF7 expression were
significantly higher in osteosarcoma cells than
that in human osteoblast (hFOB1.19), similar
with the result of IncTCF7 expression in osteo-
sarcoma tissues and adjacent normal osteo-
sarcoma tissues. IncTCF7 silencing obviously
inhibited the migration and invasion of MG-63
and Saos-2 osteosarcoma cells, decreased the
expressions of MMP-2 and MMP-9; however, it
showed no effect on the proliferation and apop-
tosis in these cells. The results consistent with
the clinical results which showed IncTCF7
expression was significantly correlated with
tumor metastasis and TNM grade but had no
significant correlation with tumor size. Our pres-
ent study demonstrated that IncTCF7 promote
osteosarcoma metastasis, which was similar
with the results of previously studies in liver
and lung cancer cells [13, 15, 18].

EMT plays a key role in regulating the invasion
and metastasis of cancer cells. During EMT
process, the expression of epithelial markers
(such as, E-cadherin and other cell junction pro-
teins) were inhibited and the expression of me-
senchymal markers (such as, N-cadherin and
vimentin) were enhanced [19]. A previous study
demonstrated that IncTCF7 activated EMT in
hepatocellular carcinoma cells [12]. In this
study, we found that IncTCF7 silencing mark-
edly increased E-cadherin expression, and
decreased N-ca-dherin and vimentin expres-
sions in osteosarcoma cells. The result was
suggested that IncTCF7 silencing inhibited
tumor metastasis in osteosarcoma by possibly
inhibiting EMT process.

Overall, our results indicated that IncTCF7 acts
as a biomarker of poor prognosis and a novel
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therapeutic target for treating metastatic
osteosarcoma patients. However, the molecu-
lar mechanisms underlying the regulati on of
EMT by IncTCF7 in metastatic osteosarcoma
need to be investigated further.
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