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Objective: This study aimed to investigate the effect of long non-coding TDRG1 on
proliferation and migration of osteosarcoma cells through PI3K/AKT signaling pathway.
Materials and Methods: Altogether 87 cases of osteosarcoma tissues and adjacent tissues
were collected, and osteosarcoma cells and osteoblasts were purchased. The expression of
LncRNA TDRGTI in tissues and cells was detected by RT-PCR. Si-NC, si-TDRG1, and Sh-
TDRGI1 were transfected into osteosarcoma cells. L740Y-P (activator of PI3K/AKT path-
way) and LY294002 (inhibitor of PI3k/AKT pathway) were used to interfere with PI3k/Akt
signaling pathway in osteosarcoma cells. qRT-PCR was used to detect the expression of
TDRGI in osteosarcoma tissues and cells. WB was used to detect the expression of p-PI3K,
p-AKT, N-cadherin, E-Cadherin, vimentin, Bax, Caspase-3, and Bcl-2 in cells. CCK-8,
Transwell and cell scratch tests were used to detect cell proliferation, invasion and migration,
and flow cytometry was used to detect cell apoptosis.

Results: TDRG1 was highly expressed in osteosarcoma, and the levels of p-PI3K and
p-AKT were also up-regulated. Cell experiments showed that inhibiting the expression of
TDRGI could inhibit the proliferation, invasion, migration and EMT of osteosarcoma cells,
promote the apoptosis of cells, and up-regulating the expression of TDRGI could promote
the proliferation, invasion, migration and EMT of osteosarcoma cells and inhibit the apop-
tosis of cells. The 740Y-P intervention could reverse the inhibition of Si-TDRG1 on
osteosarcoma cell proliferation, invasion, migration and EMT and the promotion of cell
apoptosis. LY294002 intervention could reverse the promotion of Sh-TDRG1 on osteosar-
coma cell proliferation, invasion, migration and EMT and the inhibition of cell apoptosis.
Conclusion: TDRG1 is highly expressed in osteosarcoma tissue. Silencing the expression of
osteosarcoma can inhibit the proliferation, invasion, migration and EMT of osteosarcoma
cells by inhibiting PI3K/AKT signaling pathway, which may be a new target for diagnosis
and treatment of osteosarcoma.
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Introduction

Osteosarcoma, as a primary bone tumor with high incidence in adolescents and
children, is also the major cause of cancer-related mortality in children and poses
a serious threat to the life and health of children and adolescents worldwide.'* At
present, the clinical treatment of osteosarcoma is mainly surgical resection and
postoperative chemotherapy. Although some progress has been made in the treat-
ment of osteosarcoma with the improvement of medical technology, due to the high
metastatic characteristics of osteosarcoma, many patients still have a poor prognosis
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even after treatment.>* At present, the molecular mechan-
ism of osteosarcoma metastasis has not been clarified in
detail, but exploring the mechanism of osteosarcoma
occurrence and metastasis has important clinical signifi-
cance for osteosarcoma patients.

Long-chain non-coding RNA (LncRNA) is an RNA with
more than 200 nucleotides. In the past, it was thought that it
did not have the function of coding protein, so its functions
were ignored.” However, in recent years, more and more
studies have found that LncRNA acts on tumor growth and
metastasis. For example, previous studies® pointed out that
LncRNA H19 could promote the occurrence and metastasis
of endometrial cancer by regulating epithelial-mesenchymal
transition (EMT). LncRNA TDRGI is a newly discovered
tumor-related LncRNA in recent years, which was initially
considered as a key regulator of sperm motility.” In recent
years it has been developed to acton the proliferation, inva-
sion and migration of malignant cells, such as ovarian
cancer® and gastric cancer.” However, there is no research
on the role of TDRGI in osteosarcoma and its related
mechanism. PI3K/AKT signaling pathway is a classical path-
way that acts on tumor occurrence and development.
Activated PI3K/AKT is a major effector that regulates the
downstream signal transmission of tumor cell response.'® In
the past, studies'' also pointed out that the occurrence and
development of osteosarcoma were promoted by activating
of PI3K/AKT signaling pathway. Therefore, we speculated
TDRGI1 could affect the occurrence and development of
osteosarcoma by regulating PI3K/AKT signaling pathway.

In our research, we detected the expression, function
and related mechanism of TDRG1 in osteosarcoma, thus
providing more target directions for the diacrisis and cure
of osteosarcoma.

Materials and Methods
Clinical Data

Altogether 87 osteosarcoma patients in The Second Xiangya
Hospital of Central South University from May 2014 to
April 2016 were collected. After obtaining the consent of
the patients, 87 osteosarcoma tissues and 87 adjacent tissues
were taken for detection during the operation. Inclusion
criteria: patients diagnosed as osteosarcoma by pathological
diagnosis; patients diagnosed as osteosarcoma for the first
time. Exclusion criteria: patients have received radiotherapy
and chemotherapy; patients with other malignant tumors,
severe liver and kidney dysfunction, and blood system dis-
eases; patients refused to participate in the study. All patients

and their families signed an informed consent form. This
study conformed to the Declaration of Helsinki and has
been approved by the Ethics Committee of The Second
Xiangya Hospital of Central South University.

Cell Culture and Transfection

Human osteosarcoma cell lines MG-63, U20S, OS-732 and
osteoblast hFOB1.19 were purchased from ATCC and cul-
tured in DMEM medium including 10%PBS (Gibco,
Rockville, MD, USA) at 37°C with 5% CO,. When cell
growth reached 85%, a 25% pancreatin was put in for diges-
tion. After that, the cells were placed in the medium to con-
tinue culture, complete passage, and the expression of TDRG1
in each cell line was detected. Altogether 1x10°MG-63 and
0S-732 cells were selected for transfection. Then, 100pmol
targeted inhibition of TDRG1 sequence (si-TDRG1) (G15091
6041833-1-5, Ribobio, Guangzhou, China), 4ug targeted
over-expression of TDRG1 plasmid (sh-TDRG1), and nega-
tive control RNA (Si-NC) (A06001, GenePharma, Shanghai,
China) were transfected into cells by Lipofectamine™ 2000
kit (Invitrogen, CA, US). The operation steps were strictly
carried out in accordance with the kit instructions.

Real-Time Quantitative PCR

Firstly, the total RNA in tissues and cells was extracted with
Trizol reagent (Invitrogen, USA). The purity, concentration
and integrity of the extracted total RNA were detected by UV
spectrophotometer and agarose gel electrophoresis. Then,
Sug of total RNA were taken, respectively, to reverse tran-
scribe cDNA according to the instructions of the kit, and the
cDNA concentration was diluted to 100ng/ul, and 1puL of
synthesized cDNA was taken for amplification. The amplifi-
cation system was as follows: 1 p 1 of ¢cDNA, 0.4uL of
10 p 1 of 2X
TransScript® Tip Green qPCR SuperMix, 0.4uL of Passive
Reference Dye (50X), with Nuclease-free Water added to
make up to 20pL. GAPDH was applied as an internal para-

upstream and downstream primers,

meter and 2~ 2“T to explore the data. The primer sequences
are shown in Table 1. All primers were designed and synthe-
sized by Sargon Biotech, Shanghai. The experiment was
repeated three times.

Cell Proliferation Test

The proliferation ability of MG-63 and OS-732 was evaluated
by CCK-8 kit. Cells 48 hours after transfection were collected,
diluted to 3x10%*cell/mL, and inoculated into 96-well plates.
Each well was inoculated with 100uL of cells, and cultured in
37°C with 5% CO,. A 10uL CCKS solution was added to
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Table | Primer Sequence Table

Forward Primer

Reverse Primer

TDRGI
GAPDH

5-TCTTCCCTGGCTTGGC-3'

5-CTCTGCTCCTCCTGTTCGAC-3'

5-TGGGCTCTTTCGTGGC-3'
5-GCGCCCAATACGACCAAATC-3'

each well at Oh, 24h, 48h and 72h after the cells adhered to the
wall. After the reagent was added, it was continuously placed
in an incubator at 37°C with 5% CO, for 2 h. Then, the OD
value was measured at 450nm using an enzyme reader to
explore the proliferation and visualize the growth curve. The
experiment was repeated 3 times.

Cell Migration and Invasion Test

The migration ability was explored by wound healing. For
wound healing determination, 200uL aseptic pipette was used
to scratch the cells to geta cell-free area, PBS was used to rinse
the cells, and a new culture medium was added for culture. At
Oh (WO0) and 24h (W24) after cell scratch, the cell migration
ability was evaluated by a microscope for scratches at three
different positions. Cell invasion was detected by transwell
assay. Firstly, 200uL of DMEM culture solution containing
1x10° cells was put into the upper chamber and 500mL of
DMEM containing 20% FBS to the lower chamber. The
substrate and cells that did not pass through the membrane
surface in the upper chamber were wiped after 48 hours of
culture at 37°C, washed by PBS for 3 times, fixed with
paraformaldehyde for 10min, rinsed with double-distilled
water for 3 times, stained with 0.1% crystal violet for 10min
after it was dried, and cell invasion was observed with
a microscope. The experiment was repeated three times.

Detection of Apoptosis by Flow
Cytometry

The sample to be tested was prepared into cell suspension, the
density was adjusted to 1*10°cells/mL, the cells were fixed
with 70% ethanol ice-cold solution for 30min at4°C. The
ethanol solution was then removed and the cell particles
were incubated in Annexin V-FITC/7-AAD mixed solution.
FACScan flow cytometer (Becton Dickinson Company, USA)
was used to analyze the apoptosis. The experiment was
repeated three times.

Western Blot Test

After collecting and culturing each group of cells, RIPA lysate
was added into the cells, and total protein was extracted. Then,
the protein concentration was detected by BCA method and

adjusted to 4pg/uL, 12% SDS-PAGE electrophoresis separa-
tion was carried out. After ionization, it was transferred to
PVDF membrane, and then the PVDF membrane was sealed
with 5% defatted milk powder for 2h. Then, p-PI3K (1:1000),
p-AKT (1:1000), N-cadherin (1:500), E-Cadherin (1: 500),
vimentin (1: 500), Bax (1:500), Caspase-3 (1:500), Bcl-2
(1:500) and pB-Actin (1: 1000) primary antibody (Cell
Signaling Technology, Boston, Massachusetts, USA) were
added for sealing for a night at 4°C and rinsed to remove the
primary antibody. Goat anti-rabbit secondary antibody (1:
1000) (Wuhan Boster Biological Technology Co., Ltd.) was
added, incubated at 37°C for 1h, and rinsed with PBS 3 times,
each time for Smin. The experiment was repeated three times.

Developing in a darkroom was carried out, excess
liquid was absorbed by filter paper, ECL lighting and
developing was carried out.

Statistical Method

In this study, SPSS20.0 was used to statistically analyze the
collected data, GraphPad 7 to visualize the required pictures,
independent ¢ test for group comparison, one-way ANOVA
for multi-group comparison, LSD-¢ test for post-event pair-
wise comparison, repeated measurement ANOVA for multi-
time point expression. Bonferroni was used for backtesting.
When P was less than 0.05, there was a statistical difference.

Result

Up-Regulation of TDRGI in

Osteosarcoma

TDRGI in osteosarcoma tissue was up-regulated compared
with normal adjacent tissue. Compared with osteoblast
hFOBI1.19, TDRGI expression in osteosarcoma cells was
also significantly up-regulated (P<0.05). ROC analysis of
the participants found that the area under the TDRG1 curve
was 0.899. According to the median expression (1.71) of
TDRGI, the patients were grouped into TDRGI1 high
expression group (45 cases) and low expression group (42
cases). This indicated that the expression of TDRGI1 had
a relationship with tumor size, pathological stage, differen-
tiation degree and lymph node metastasis of osteosarcoma
patients, and the 3-year survival of patients with TDRGI
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Table 2 Relationship Between TDRGI and Pathological Data of Osteosarcoma Patients

Factor TDRGI Ve P value
High Expression (n=45) Low Expression (n=42)

Age 0.011 0918
2|8 years old (n=44) 23 (51.11) 21 (50.00)
< 18 years old (n=43) 22 (48.89) 21 (50.00)

Gender 0.008 [ 0.929
Male (n=46) 24(53.33) 22(52.38)
Female (n=41) 21(46.67) 20(47.62)

Tumor size 21.82 | <0.00l
22cm (n=39) 31 (68.89) 8 (19.05)
<2cm (n=48) 14 (31.11) 34 (80.95)

TNM staging 12.63 <0.001
I-1I (n=45) 15 (33.33) 30 (71.43)
Il (n=42) 30 (66.67) 12 (28.57)

Differentiation 8.864 0.003
Low differentiation (n=59) 37 (82.22) 22 (52.38)
High+medium differentiation (n=28) 8 (17.78) 20 (47.62)

Lymphatic metastasis 4.590 | 0.032
Transferred (n=35) 23 (51.11) 12 (28.57)
Non- transferred (n=52) 22 (48.89) 30 (71.43)

high expression group was lower than that with low expres-
sion group (P<0.05). See Table 2, Figure 1.

Role of TDRGI on Proliferation and

Apoptosis of Osteosarcoma Cells

We detected the proliferation and apoptosis after interfering
TDRGI1 by CCK-8 and flow cytometry. The results showed
that after silencing the TDRGI in osteosarcoma cells,
TDRGI1 in Si-TDRG1 group was lower than that in Si-NC
group. The proliferation ability of MG-63 and OS-732 was
hindered, and the apoptosis rate was increased.Anti-
apoptosis protein Bcl-2 was reduced, and the expressions of
pro-apoptosis-related proteins bax and Caspase-3 were
increased. Compared with Si-NC transfected cells, MG-63
and OS-732 were further enhanced after transfection of Sh-
TDRGI. The apoptosis rate was significantly reduced, the
anti-apoptosis protein Bcl-2 was significantly up-regulated,
and the expressions of pro-apoptosis-related proteins bax and
Caspase-3 were significantly reduced. See Figure 2.

Effect of TDRGI on Migration, Invasion
and EMT of Osteosarcoma Cells

We detected the invasion and migration of osteosarcoma cells
after interfering TDRG1 through scratch-healing test and

transwell assay and evaluated the EMT of cells through the
detection of EMT-related proteins. The results showed that
compared with Si-NC group, knocking down the expression
of TDRGI could significantly hinder the invasion and migra-
tion of osteosarcoma cells. Moreover, N-cadherin and vimen-
tin in transfected Si-NC cells were down-regulated and the
expression of E-cadherin was up-regulated after the transfec-
tion of Si-TDRG1, which indicated that EMT was also sig-
nificantly inhibited. Compared with transfected Si-NC cells,
the invasion and migration ability of osteosarcoma cells were
significantly up-regulated after transfection of Sh-TDRG1, and
N-cadherin and vimentin in cells were obviously up-regulated
and the expression of E-cadherin was significantly down-
regulated, which indicated that EMT was also significantly
enhanced. See Figure 3.

Effect of TDRGI on PI3K/AKT Signal

Pathway in Osteosarcoma

The PI3K/AKT signaling pathway in osteosarcoma cells
was determined by Western Blot. The results indicated that
the phosphorylation level of PI3K and AKT was signifi-
cantly reduced by knocking down the expression of
TDRGI, but the phosphorylation level of PI3K and AKT
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Figure | Expression and significance of TDRGI in osteosarcoma. (A) Expression of TDRGI in osteosarcoma tissue; (B) Expression of TDRGI in osteosarcoma cells; (C)
ROC curve of TDRGI in the diagnosis of osteosarcoma; (D) Influence of TDRGI on the prognosis of osteosarcoma patients. *Indicates that P<0.05.

was significantly stimulated by over-expression of
TDRGI. See Figure 4.

Effect of Stimulating or Inhibiting PI3K/

AKT Signal Pathway on Osteosarcoma

In order to further prove that TDRGI1 affected the function of
osteosarcoma cells by controlling PI3K/AKT signaling path-
way, S5u L 740 Y-P (activator of PI3K/Akt pathway) and 5p
L LY 294002 (inhibitor of PI3K/Akt pathway) were used to
treat MG-63 and OS-732 cells that not transfected for 48h.
Then, it was found that the expressions of p-Akt and p-PI3K
in MG-63 and OS-732 treated with 740Y-P were obviously
up-regulated (P< 0.05), and the expressions of p-Akt and
p-PI3K in MG-63 and OS-732 treated with LY294002 were
obviously down-regulated (P< 0.05), suggesting that 740Y-P

could activate PI3K/Akt signaling pathway while LY294002
could inhibit PI3K/Akt signaling pathway. Subsequently, the
cells transfected with Si-TDRG1 were exposed to SuL 740Y-
P, and the cells transfected with Sh-TDRG1 were exposed to
SuL £Y294002 for 48h. The results showed that the inter-
vention of 740Y-P could reverse the inhibition of Si-TDRG1
on osteosarcoma cell proliferation, invasion, migration, EMT
and the activation of cell apoptosis, while the intervention of
LY?294002 could reverse the promotion of Sh-TDRGI on
osteosarcoma cell proliferation, invasion, migration and
EMT and the inhibition of cell apoptosis. Figure 5.

Discussion

In recent years, more and more attention has been paid to
the role of LncRNA in the occurrence and promotion of
malignant tumors, and most LncRNA is over-expressed in
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Figure 2 Effect of TDRGI on proliferation and apoptosis of osteosarcoma cells. (A) Expression of TDRGI in transfected osteosarcoma cells; (B) Effect of TDRGI on the
proliferation of osteosarcoma cells; (C) Effect of TDRGI on apoptosis rate of osteosarcoma cells; (D) Effect of TDRGI on apoptosis-related proteins in osteosarcoma cells.

*Indicates that P<0.05.

malignant tumors.'> Osteosarcoma is a common primary
bone tumor and has also been reported by many studies that
there are many ectopic expressions of LncRNA in osteo-
sarcoma. For example, research'® found that LncRNA
SNDI1-IT1 could promote the development of osteosarcoma
by acting as a sponge of miR-665. Other studies'* found
that silencing LncRNA ANCR could hinder the invasion
and migration by activating p38MAPK signaling pathway.
All these indicated that LncRNA also had an important
regulatory effect in osteosarcoma.

TDRG1, as a specific gene of human testis, was reported to
be helpful to promote the occurrence and development of
testicular seminoma in the early stage and was later found to
play the role of an oncogene in other malignant tumors.”'
Some studies'® found that TDRG1 can enhance the tumori-
genicity of epithelial ovarian cancer by inhibiting miR-93/

RhoC pathway. But the mechanism of TDRGI in osteosar-
coma has not been reported yet. In our research, it was firstly
indicated that TDRG1 was also highly expressed in osteosar-
coma. Analysis of the clinical value found that TDRGI not
only acted on osteosarcoma, but also had a close relationship
with the clinical characteristics of osteosarcoma patients, such
as pathological staging, tumor size, and metastasis. This also
suggested that TDRG1 may also act on the occurrence and
promotion of osteosarcoma. In the previous discussion on the
clinical value of TDRG1, it'” was also pointed out that TDRG1
could be used as a biomarker for the treatment of early gastric
cancer, and it also showed that TDRG1 was correlated with
clinicopathological features such as lymph node metastasis.
Subsequently, we up-regulated and down-regulated TDRG1 in
osteosarcoma cells to explore the mechanism of TDRGI1. The
above indicated that the down-regulation of TDRG1 obviously
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Figure 5 Effect of stimulation or inhibition of PI3K/AKT signaling pathway on osteosarcoma. (A) Expression of PI3K/AKT signaling pathway-related proteins after
stimulation or inhibition of PI3K/AKT signaling pathway; (B) Effect of stimulation or inhibition of PI3K/AKT signaling pathway on proliferation ability of osteosarcoma
cells; *Indicates P<0.05. (C) Effect of stimulation or inhibition of PI3K/AKT signaling pathway on the invasive ability of osteosarcoma cells; (D) Effect of stimulation or
inhibition of PI3K/AKT signaling pathway on migration ability of osteosarcoma cells; (E) Effect of stimulation or inhibition of PI3K/AKT signaling pathway on apoptosis rate of
osteosarcoma cells; (F) Effect of stimulation or inhibition of PI3K/AKT signaling pathway on apoptosis-related proteins in osteosarcoma cells; (G) Effect of stimulation or
inhibition of PI3K/AKT signaling pathway on EMT-related proteins in osteosarcoma cells. " #Indicates compared with Si-TDRGI+740Y-P, Sh-TDRG|+LY294002 and Si-NC

groups, P< 0.05; “#Indicates comparison P<0.05.

hindered the proliferation, invasion, migration and EMT of
osteosarcoma cells, and increased the apoptosis rate.
However, when we further up-regulated the expression of
TDRGH, the proliferation, invasion, migration and EMT were
significantly further enhanced, and the apoptosis rate was sig-
nificantly reduced. This suggested that TDRG1 also played an
oncogenic role in osteosarcoma. In the previous reports on
TDRGI, most of them also reported that TDRG1 played the
role of an oncogene in tumors.'®'? For example, there was also
research®’ indicated that TDRG1 could regulate the expression
of ELK1 through sponging miR-330-5p, thus playing the role
of an oncogene in cervical cancer. This was consistent with the

results of our research. However, we are still not clear about the
relevant mechanism of TDRGI in osteosarcoma.

PI3K/AKT signaling pathway is often activated during the
occurrence and development of tumors and acts on regulating
the proliferation and migration of tumor cells.?'** For example,
studies™ have reported that LncRNA FER 114 can promote apop-
tosis by inhibiting PI3K/AKT signaling pathway. Another study®*
pointed out that LncRNA LIN00628 could inhibit the growth and
invasion by regulating PI3K/AKT signaling pathway. All these
fully demonstrated that PI3K/AKT signaling pathway played an
important role in osteosarcoma. In our research, we also found that
the PI3K/AKT signaling pathway was significantly hindered when
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we inhibited TDRG1. When we further up-regulated the expres-
sion of TDRGI, the PI3K/AKT signaling pathway was further
activated, suggesting that TDRGI could affect the occurrence and
promotion by controlling the PI3K/AKT signaling pathway.
Subsequently, in order to further confirm our conjecture, we con-
ducted rescue experiments. We treated osteosarcoma cells after
TDRGI expression intervention with PI3K/AKT signaling path-
way activator or inhibitor. The results showed that 740Y-P inter-
inhibition of Si-TDRGI on
osteosarcoma cell proliferation, invasion, migration and EMT

vention could reverse the

and the activation of cell apoptosis. LY294002 intervention
could reverse the promotion of Sh-TDRG1 on proliferation, inva-
sion, migration and EMT and the inhibition of apoptosis. This
suggested that TDRG1 could promote the growth and metastasis
by controlling PI3K/AKT signaling pathway. In the past, studies®
indicated that knocking down the expression of TDRG1 could
inhibit the occurrence and promotion of endometrial cancer by
inhibiting PI3K/AKT signaling pathway. However, studies in
testicular seminoma®® also pointed out that the function of
TDRGI was related to the controlling of PI3K/AKT signaling
pathway. This could all confirm our conclusion.

To sum up, TDRGI is highly expressed in osteosarcoma
and can promote the occurrence and promotion of osteosar-
coma by controlling PI3K/AKT signaling pathway, which
may be a new target direction for diacrisis and cure of osteo-
sarcoma. However, there are still some deficiencies in this
study. For example, we have not carried out in vivo tumor-
forming experiments to prove the mechanism of TDRGI on
tumor growth in vivo. Secondly, it is not clear whether there
are other targets of TDRG1 in osteosarcoma. Therefore, we
will further carry out basic experiments on this in future
studies to provide more data support for our conclusion.
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