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Effects of IncRNA TUSC7 on the malignant biological
behavior of osteosarcoma cells via regulation of miR-375
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Abstract. The present study aimed at investigating how
long-chain non-coding RNA (IncRNA) tumor suppressor
candidate 7 (TUSC7) regulates the malignant biological
behavior of osteosarcoma cells. Tumor tissues and adjacent
tissues of 30 patients with osteosarcoma were collected, and
the expression levels of IncRNA TUSC7 and miR-375 were
detected by RT-qPCR. IncRNA TUSC7 mimic and miR-375
mimic transfection models were established in MG63 osteo-
sarcoma cells, and Transwell assays were used to detect the
migration ability of MG63 cells. An MTT assay was used to
assess the proliferation ability of MG63 cells. IncRNA TUSC7
in osteosarcoma tissue was significantly lower than that of
adjacent tissues, while miR-375 levels were significantly higher
than that of adjacent tissues; the two levels have a negative
correlation. IncRNA TUSC7 mimic inhibited MG63 prolifera-
tion and migration abilities. miR-375 mimic promoted MG63
proliferation and migration abilities. The IncRNA TUSC7
mimic and miR-375 mimic co-transfection system could
partially rescue the inhibition of IncRNA TUSC7 mimic on
MG63 cells. In conclusion, IncRNA TUSC?7 inhibited the
proliferation and migration of MG63 osteosarcoma cells by
regulating miR-375.

Introduction

Osteosarcoma, a common primary malignant bone cancer, is
often diagnosed in children and it is the second leading cause
of cancer-related deaths of children (1). Characterized by high
malignancy and recurrence rate, it affects the life of patients
to a large extent. Although surgical resection and neoadjuvant
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chemotherapy have reduced the mortality of patients with
osteosarcoma, the 5-year survival rate is still markedly low,
with 10-20% of patients with metastasis (2,3). Therefore, it is
crucial to identify new diagnostic biomarkers and therapeutic
targets, understand the influence and mechanism of these
targets on the malignant biological behavior of osteosar-
coma cells in order to improve the clinical treatment and the
prognosis of the patients (4,5).

Long-chain non-coding RNAs (IncRNAs) are RNA mole-
cules that exist in the nucleus or cytoplasm, with a length of
more than 200 nts and have a complex secondary structure (6).
IncRNAs play an important role in various biological and
pathological processes, such as transcriptional regulation, cell
fate determination and tumorigenesis. IncRNAs can adsorb
miRNA, block miRNA, and inhibit the binding of miRNA to
its target genes (6). In addition, IncRNAs plays an important
role in the process of tumorigenesis and tumor progression (7).
It has been revealed that numerous IncRNAs, including MEGS3,
HOTAIR, CCAL, tumor suppressor candidate 7 (TUSC7)
play a regulatory role in the occurrence and progression of
osteosarcoma at the transcriptional and post-transcriptional
levels (8,9), and participate in the proliferation, invasion, and
migration of the tumor (10). IncRNA TUSC7 was originally
identified in osteosarcoma by Pasic et al (11). The discovery
of the function of IncRNA TUSC?7 as a tumor-inhibiting factor
in human osteosarcoma has attracted broad attention (12).
Several studies have revealed that the IncRNA TUSC7
exhibits a downregulated expression in numerous malignant
tumors, such as liver cancer (13), neuroglioma (14), colorectal
cancer (15), and endometrial cancer (16). A previous study also
revealed that the expression of TUSC7 in osteosarcoma was
significantly lower than that in non-tumor tissues (12). IncRNA
TUSCT is a type of potential tumor-inhibiting factor, which
can be used as a biomarker and the therapeutic target of osteo-
sarcoma patients. However, how IncRNA TUSC7 regulates the
proliferation of osteosarcoma cells remains unknown.

miRNAs are short non-coding RNAs (~21 nucleotides)
that can regulate gene expression at the post-transcriptional
level (17). Studies have found that miR-375 can be used as
a tumor therapeutic target and a tumor diagnosis mark, and
it is differentially expressed in diseases such as esophageal,
liver and cervical cancer, participating in the progression of
the disease (17-19). A previous study revealed that miR-375
was aberrantly downregulated in osteosarcoma cells and
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functioned as a tumor suppressor (20). In addition, miR-375
has been revealed to inhibit osteogenic differentiation (21),
which is involved in the growth and proliferation of osteosar-
coma. A study reported that calcium-binding protein SI00A6
has been revealed to promote human osteosarcoma growth
by promoting cell proliferation and inhibiting osteogenic
differentiation (22). The flavonoid phellodendron glycoside
can inhibit the proliferation of human osteosarcoma cells and
stimulate osteogenic differentiation (23). Therefore, miR-375
may promote the growth of osteosarcoma, and its role remains
to be further clarified.

To the best of our knowledge, there is no previous study
on the regulatory relationship between miR-375 and IncRNA
TUSCT7 in osteosarcoma cells. Based on the inhibitory effect of
long non-coding RNA TUSC7 on the invasion of osteosarcoma
cells, it was explored whether IncRNA TUSC7 can influence
the malignant biological behavior of the osteosarcoma cells by
regulating miR-375.

Materials and methods

Materials. Human osteosarcoma cells (HOS and MG63) and
human fetal osteoblast cells (hFOB 1.19) were purchased
from ATCC. Dulbecco's modified Eagle's Medium (DMEM)
and fetal bovine serum (FBS) were obtained from Gibco;
Thermo Fisher Scientific, Inc. The Transwell chamber was
obtained from BD Biosciences. The Two-step fluorescence
quantitative PCR kit was purchased from MedChemExpress.
Penicilin-streptamycin solution (double antibiotic) were
obtained from Hyclone; GE Healthcare Life Sciences.
Consumables such as cell culture dishes and plates were
purchased from Corning Costar, Inc. TRIzol reagent was
obtained from Cwbio IT Group and Lipo3000 transfec-
tion reagent was obtained from Invitrogen; Thermo Fisher
Scientific, Inc..

Patient and tissue samples. The present study included
30 patients (17 males and 13 females; 15-24 years old) with
osteosarcoma admitted to the Orthopedic Surgery Department
of the ShengLi Oilfield Central Hospital from January 2010
to December 2019, where postoperative tissue samples were
collected to analyze the pathological results. The samples were
used to extract total RNA. All patients or their families signed
informed and written consent. The study was approved by the
ShengLi Oilfield Central Hospital Ethics Committee (approval
no. SOCH20091201A).

Culture and plasmid transfection of osteosarcoma cells. HOS
cells and MG63 cells were cultured in DMEM containing
10% FBS and 1% penicillin/streptomycin in an 5% CO, and
37°C incubator. Although the levels of Lnc-TUSC7 in both
HOS and MG63 cells were detected, the changes in MG63 cells
were more significant than those of HOS cells, and subsequent
experiments were performed with MG63 cells. MG63 cells
were digested with 0.25% Trypsin pancreatin (Gibco; Thermo
Fisher Scientific, Inc.) and 3x10° cells/well were seeded into
a six-well plate. Transfection was carried out after the cell
confluence reached 60-70%. A total of 40 nM pcDNA-TUSC7,
negative control plasmid pcDNA3.1, miR-375 mimics and
miR-negative control (NC) were transfected using Lipo3000

transfection reagent according to the manufacturer's instruc-
tions. After 48 h, the total RNA of the cells was extracted
to detect the transfection efficiency. Then, G418 (500 pg/ml,
Gibco; Thermo Fisher Scientific, Inc.) was used to select cells
for 4 weeks to obtain MG63 cells with stable expression of
IncRNA TUSC7.

The primer sequences of the pcDNA-TUSC7 expression
vector was as follows: Forward, 5-CGATCTTAATTAAGG
GGTACCAAAGTCCACTCTG-3' and reverse, 5S-TCAGTG
GCGCGCCTTTTTCGTGAGTACACAATAGTCATC-3. The
miR-375 mimic sequence was as follows: Forward, 5'-CGA
TCTAATTAAGGGTACCAAAGTCACTCTG-3' and reverse,
5"TCAGGGCGCGCCTTCGTGGTACACAATAGTCAT-3".

Transwell assay. Osteosarcoma cells with a fusion rate of
70-80% after transfection of MG63 cells in each group were
collected, washed with PBS, centrifuged to remove the super-
natant, and this process was repeated 2 times. Then, serum-free
DMEM (Gibco; Thermo Fisher Scientific, Inc.) was added to
adjust the cell concentration to 2.5x10° cells/ml. Subsequently,
200 ul of cell suspension was added to the upper layer of a
Transwell chamber prepared in advance, and the chamber
was placed in a 24-well culture plate with medium containing
10% serum (Gibco; GE Healthcare Life Sciences) mixed in
advance. Then, the culture plate was placed in a 37°C, 5% CO,
incubator for 24 h. After the culture was finished, the number
of cells migrating from Transwell upper chamber to lower
chamber membrane were observed under a light microscope
(x20). Finally, the Transwell chamber was washed with PBS,
the non-migrated cells were removed with a cotton swab and
the chamber was air-dried. Then, 4% formaldehyde solution
was added to the chamber for fixation at room temperature for
20 min, and 0.1% crystal violet was added for staining at room
temperature for 20 min. Finally, the chamber was cleaned with
PBS 3 times and dried naturally. The number of cells was
counted and images were observed and captured under a light
microscope (x40).

MTT assay. Osteosarcoma cells with a cell fusion rate of
70-80% after transfection in each group were collected
and washed with PBS solution. A small number of cells
was obtained and counted, and then the cell concentra-
tion was adjusted to 1x10* cells/ml. Diluted cell suspension
(200 pl) was seeded onto 96-well cell plates. The culture plate
was placed in a 37°C, 5% CO, incubator for 24 h, and then
50 ul MTT solution (Beyotime Institute of Biotechnology) was
added to the cell wells, cautiously avoiding light during this
process. The cells were cultured for another 3-4 h, the super-
natant was discarded, and 150 ul DMSO solution was added
to each well. The cells were shaken on a shaker at low speed
for 10 min and finally the absorbance value of each well was
detected at 490 nm with a microplate reader. Both the 48 and
72-h plates also underwent the aforementioned treatment.

Real-time gPCR assay. The transfected cells and tissues with a
fusion rate of 70-80% were collected into an EP tube, and total
RNA was extracted using TRIzol reagent (CoWin Biosciences).
cDNA products were prepared using cDNA synthesis kit
(iScript™ cDNA kit; cat. no. 1708890; Bio-Rad Laboratories),
and the reaction system was configured according to the
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specifications of the quantitative kit (SYBR Green qPCR
Master Mix; cat. no. HY-K0501; MedChemExpress). The
whole process (<1 h) was completed on ice. Then the configured
reaction was placed into a tube and an ABI7500 fluorescence
quantitative PCR instrument (Applied Biosystems; Thermo
Fisher Scientific, Inc.) was used to detect gene expression.
The PCR reaction conditions were: 95°C pre-denaturation
for 10 min; 95°C denaturation for 15 sec; 60°C annealing for
45 sec; 72°C extension for 1 min; 40 cycles; 72°C extension for
5 min; 4°C retention. The relative expression of the target gene
was calculated by 2244 method (24). The primer sequences
were as follows: IncRNA TUSC7 forward, 5'-GGAAACAGA
AGGCACCTCA-3' and reverse 5“TCTCAGAGGTCAAAC
AGGCA-3'; miR-375 forward, 5~AGCCGTCAAGAGCAA
TAACGAA-3' and reverse, 5'-GTGCAGGGTCCGAGGT-3;
and U6 forward, 5-CGCTTCGGCAGCACATATAC-3' and
reverse, 5" AGGGGCCATGCTAATCTTCT-3".

Luciferase reporter gene assay. Control and miR-375 WT,
IncRNA TUSC7 and miR-375 WT, NC and miR-375 MUT,
IncRNA TUSC7 and miR-375 MUT were transfected into
MG63 cells (Lipo3000; Invitrogen; Thermo Fisher Scientific,
Inc.), respectively, in accordance with the specifications of the
luciferase reporter gene test system (Promega) kit.pmirGLO
luciferase vector and luciferase reporter plasmid were
constructed by GenScript. The relative fluorescence intensity
of each group after 48 h of transfection was detected. Renilla
luciferase activity was used as a standardized method.

Statistical analysis. SPSS 17.0 statistical software (SPSS,
Inc.) was used to process the experimental data. An unpaired
Student's t-test was used for comparison of differences
between two groups, and ANOVA followed by Bonferroni
test was used for comparison of differences between multiple
groups. Pearson correlation analysis was also performed.
The experimental results were expressed as the mean + SD,
and each experiment was repeated 3 times. P<0.05 was
considered to indicate a statistically significant difference;
("P<0.05, "P<0.01, ""P<0.001 as indicated in the figures and
legends).

Results

IncRNA TUSC7 and miR-375 are differently expressed in
osteosarcoma tissue and adjacent tissue. Tissue samples and
para-tumor tissues were collected from 30 patients with osteo-
sarcoma, and qPCR was used to detect the expression level of
IncRNA TUSC7 and miR-375. It was revealed that IncRNA
TUSCT7 in osteosarcoma tissue was significantly lower than that
of para-tumor tissue (P<0.001), while the level of miR-375 was
significantly higher than that of the adjacent tissues (P<0.001),
and the difference was statistically significant (Fig. 1A and B).
Through correlation analysis, it was revealed that there was a
negative correlation between IncRNA TUSC7 and miR-375,
as revealed in Fig. 1C (r=-0.8119, P<0.001). To determine
the difference in the expression levels of IncRNA TUSC7,
HOS, MG63 and HFOB 1.19 cell lines were selected and the
expression of IncRNA TUSC7 was detected by RT-qPCR.
The results revealed that IncRNA TUSC?7 expression in HOS
and MG63 cells was significantly lower than that in HFOB

1.19 cells, indicating that IncRNA TUSC7 expression was
downregulated in HOS and MGG63 cells (Fig. 1D).

Proliferation and migration abilities of MG63 cells trans-
fected with IncRNA TUSC7. In order to further understand
the effect of IncRNA TUSC7 on the biological function of
MG63, the proliferation and migration abilities of MG63 were
detected through MTT and Transwell experiments. RT-qPCR
experiments revealed that in MG63 cells transfected with
IncRNA pcDNA-TUSCT7, the expression level of IncRNA
TUSC7 was significantly enhanced compared with that in
the control group, indicating that the MG63 cell line that
stably expressed the target gene was successfully transfected
(Fig. 2A). In addition, MTT assays and Transwell migration
assays revealed that compared with the mimic control group,
the proliferation (Fig. 2B) and migration (Fig. 2C and D) abili-
ties in the IncRNA TUSC7 mimic group were significantly
decreased. The aforementioned results indicated that IncRNA
TUSCY7 inhibited the proliferation and migration abilities of
osteosarcoma MG63 cells to a certain extent.

Effects of miR-375 on the proliferation and migration
abilities of osteosarcoma cells. After establishing the IncRNA
TUSC7-mimic transfection model, the expression of miR-375
was detected and it was revealed that compared with the
mimic control, miR-375 expression was significantly down-
regulated in the IncRNA TUSC7-mimic MG63 cells (Fig. 3A).
Concurrently, it was demonstrated that miR-375 was the target
gene of IncRNA TUSC?7 through a luciferase reporter gene
assay (Fig. 3B). In addition, MG63 cells were transfected with
the miR-375 mimic and it was revealed that the expression
level of miR-375 in the miR-375-mimic-transfected group was
significantly higher than that of the miR-NC-transfected group
(Fig. 3C). Furthermore, the proliferation capacity was signifi-
cantly higher in the miR-375-mimic-transfected group than
that of the miR-NC-transfected control group (Fig. 3D). The
Transwell migration assay revealed that the miR-375-mimic
group also had higher migratory capacity compared with the
miR-NC control group (Fig. 3E and F), indicating that miR-375
promoted the growth and migration of osteosarcoma.

IncRNA TUSC?7 affects the proliferation and migration of
osteosarcoma cells through miR-375. miR-375 mimic and
IncRNA TUSC7 mimic were co-transfected into MG63
osteosarcoma cells, and it was revealed that the proliferation
ability of IncRNA TUSC7 mimic + miR-375 mimic group
was significantly higher than that of IncRNA TUSC7 mimic +
miR-NC group, but lower than that in the control group (mimic
control+miR-NC), especially at 72 h (Fig. 4A). The same
trend was also revealed in the Transwell migration assay. The
migration ability of the IncRNA TUSC7 mimic + miR-375
mimic group was significantly higher than that of the IncRNA
TUSC7 mimic + miR-NC group (Fig. 4B and C), indicating
that miR-375 mimic can partially rescue the inhibitory effect
of IncRNA TUSC?7 on osteosarcoma.

Discussion

Osteosarcoma (OS) is a common primary bone neoplasm and
one of the most invasive solid malignant tumors (1). Evidently,
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Figure 2. Effects of IncRNA TUSC?7 on the proliferation and migration of MG63 and validation of transfection efficiency. (A) After the MG63 cells were
transfected with IncRNA TUSC7 mimic, the transfection efficiency was detected through RT-qPCR. (B) After the MG63 cells were transfected with IncRNA
TUSC7 mimic, the proliferation ability of MG63 cells was detected through MTT assay. (C and D) After the MG63 cells were transfected with IncRNA
TUSC7 mimic, the migration ability of MG63 cells was detected through Transwell assay. "P<0.05 and “P<0.01. IncRNA, long-chain non-coding RNA;
TUSC7, tumor suppressor candidate 7.

the occurrence of osteosarcoma is correlated with numerous  of the disease is still controversial (1-4). In the present study, it
factors such as race, age, sex, various genomic changes, and  was determined that IncRNA TUSC7 in osteosarcoma tissue
the environment people live in (25). However, to date, the cause ~ was significantly lower than that in the adjacent tissue, while
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miR-375 level in osteosarcoma tissue was significantly higher
than that in the adjacent tissue, and there was a negative corre-
lation between the two. The expression differences of two types
of osteosarcoma cell lines (HOS and MG63) and the normal
osteoblast HFOB 1.19 cell line were examined. It was revealed
that the expression of IncRNA TUSC?7 in osteosarcoma cells
was lower than that in normal cells, especially in MG63 cells.
The present study confirmed that IncRNA TUSC7 exhibited
an antitumor effect in osteosarcoma cell line MG63. IncRNAs
are a type of RNA, defined as regulatory transcripts that have
no-protein coding potential and are more than 200 nucleotides
in length (16,26,27). By regulating genetic expression at the
transcriptional, post-transcriptional or epigenetic levels, it has
been revealed that IncRNAs participate in cell activities and the
formation of various diseases (28). According to the ENCODE
project (29), more than 90 percent of the human genome can
be transcribed, and only about two percent of the genome are
protein-coding genes (30). Therefore, it has been revealed that
most transcriptomes are of noncoding transcripts, including
microRNAs, IncRNAs, and circular RNAs (30). As oncogenes
or cancer suppressor genes, IncRNAs play an important role in
the process of tumor development (30,31).

TUSCT consists of four exons that are located on chromo-
some 3q13.3 (11). Studies have demonstrated that TUSC7
exhibits a downregulated expression in most cancers and plays
an anticancer role (15). TUSC7 has been revealed to inhibit the
process of the epithelial-mesenchymal transition (13) in liver
cancer by negatively regulating miR-10a. The overexpression
of TUSC7 inhibited the occurrence of glioma and gastric
cancer by targeting miR-23b (14). The upregulation of TUSC7
has been revealed to inhibit the proliferation of lung cancer,
colorectal cancer and osteosarcoma (15). These aforemen-
tioned studies revealed that TUSC7 can play an anticancer
role by sponging certain tumor-related miRNAs. In the present
study, a transfection cell model with IncRNA TUSC7 mimic
was set up to detect the influence of IncRNA TUSC7 on the
malignant biological behavior of MG63 cells. We successfully
constructed the MG63 cell line expressing IncRNA TUSC7,
and also used qPCR experiments to verify that the expression
level of IncRNA TUSC?7 in the IncRNA TUSC7-mimic group
was significantly upregulated. Then, the effect of IncRNA
TUSC7 on the migration ability of the MG63 osteosarcoma
cells was assessed using Transwell migration assays. The
results revealed that in comparison with the control group, the
migration ability of MG63 cells transfected with the IncRNA
TUSC7 mimic was significantly downregulated. Similarly,
the MTT assay revealed that the proliferation ability of the
IncRNA TUSC7-mimic group was significantly lower than
that of the mimic control group, indicating that IncRNA
TUSC?7 could inhibit the growth of MG63 cells. Collectively
the aforementioned results indicated that TUSC7 can function
as a type of cancer suppressor gene in osteosarcoma cells.
TUSC?7 with high expression can inhibit the proliferation rate
and the migration rate of tumor cells.

It has been demonstrated that the aberrant expression of
miR-375 is correlated with the occurrence and progression
of a variety of cancers, including colorectal (15), lung (14),
oral (18,20) and breast cancer (19), as well as glioma (32)
and gastric cancer (33). It has been revealed that the expres-
sion of miR-375 is increased in gastric cancer, yet miR-375

can desensitize cells to ionizing radiation and etoposide via
targeting of p53 (33). miR-375 has been revealed to downregu-
late human colorectal cancer cell lines and tissues, and inhibit
the growth of colorectal cancer cells (34-36). In addition, it
has been revealed that miR-375 inhibits osteogenic differentia-
tion (21), and studies have confirmed that tumor growth can
be inhibited by promoting osteogenic differentiation (22,23).
Therefore, miR-375 may promote the growth of osteosarcoma.
The present study revealed that miR-375 expression in tumor
tissue of osteosarcoma patients was reduced, and miR-375
mimic could enhance the malignant biological behavior
of MGG63 cells. It was revealed that miR-375 plays a role in
promoting the growth of osteosarcoma, which is consistent
with the results of some previous studies (22,23).

IncRNAs are reported to regulate gene expression,
chromosome modification, or the function of miRNAs (37)
through binding to RNA-binding proteins. In the present
study it was further confirmed through a luciferase reporter
gene assay that miR-375 is the target gene of IncRNA
TUSC7, and that co-transfection of IncRNA TUSC7 mimic
and miR-375 mimic could partially rescue the inhibitory
effect of IncRNA TUSC7 on MG63 cells, confirming that
IncRNA TUSCY7 inhibits the malignant biological behavior of
osteosarcoma by regulating the expression of miR-375. The
specific mechanism of how IncRNA TUSC7 and miR-375
affects the biological behavior of osteosarcoma needs to
be further clarified. It is suggested that miR-375 inhibits
osteogenic differentiation and IncRNA TUSC7 may promote
osteogenic differentiation by inhibiting the expression of
miR-375. In addition, miR-375 has a variety of target genes,
which involve complex cell signaling pathway regulation
processes, and requires further exploration. In the future,
extensive data using bioinformatics will be used to confirm
the binding site between IncRNA TUSC7 and miR-375, and
the mechanism will be further studied through the method of
binding site mutation. IncRNA TUSC7 may inhibit osteosar-
coma cell growth by acting on miR-375, which provides us
with a new perspective for treating patients.
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