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Long non-coding RNA TUG1 regulates
the progression and metastasis of osteosarcoma
cells via miR-140-5p/PFN2 axis
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Abstract. - OBJECTIVE: Osteosarcoma (0S)
is a frequently occurred tumor. Recently, in-
creasing reports disclosed that long non-cod-
ing RNA taurine upregulated gene 1 (TUG1) was
associated with OS development. Nevertheless,
the precise regulatory pattern was not complete-
ly understood. Hence, we aimed to investigate
the biological role of TUG1 in OS tumorigenesis.

PATIENTS AND METHODS: The levels of
TUG1, microRNA-140-5p (miR-140-5p), and Pro-
filin 2 (PFN2) were measured via quantitative Re-
al Time-Polymerase Chain Reaction (QRT-PCR),
and the protein level of PNF2 was assessed us-
ing Western blot. In addition, MTT assay was em-
ployed to detect the ability of cell proliferation
in MG63 and U20S cells. Cell migration and in-
vasion were estimated adopting transwell assay.
Moreover, the Dual-Luciferase reporter assay
was performed to verify the interrelation be-
tween miR-140-5p and TUG1 or PFN2.

RESULTS: TUG1 and PFN2 levels were evi-
dently upregulated in OS tissues and cell lines.
The knockdown of either TUG1 or PFN2 could re-
strain cell proliferation, migration, and invasion
in OS cells. In addition, miR-140-5p was a target
of TUG1 to regulate PFN2. The functions of PFN2
knockdown in cell behaviors were rescued after
co-transfection with either miR-140-5p inhibitor or
overexpression vector of TUG1. Importantly, TUG1
silencing could impede tumor progression in vivo.

CONCLUSIONS: TUG1 modulated cell prolif-
eration, migration, and invasion via miR-140-5p/
PFN2 axis in OS progression, which might trig-
ger the development of therapeutic strategies
for the treatment of OS.
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Introduction

Osteosarcoma (OS) is a type of solid tumor
with high mortality and malignancy'. According
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to the statistics in China, around 28,000 new bone
malignancy cases occurred, and about 20,700 died
from bone diseases in 2015°. Recently, because of
the continuous development of the therapeutic
strategies, the 5-year survival rate of OS patients
without metastasis has significantly improved®.
However, the long-term-survival of OS remains
unsatisfactory*’. Thus, it is necessary to further
look for novel therapeutic strategies of OS.

Long non-coding RNAs (IncRNAs), one type
of the non-coding RNAs (ncRNAs), consist of
more than 200 nucleotides (nts)®’. Over the past
decades, IncRNAs have been disclosed to be in-
volved in normal development and carcinogene-
sis®®. For example, nuclear paraspeckle assembly
transcript 1 (NEAT1)"” and growth arrest-specific
transcript 5 (GAS5)!"! have been reported to par-
ticipate in the pathogenesis and tumorigenesis in
OS, showing the changes of cell growth and me-
tastasis. Young et al'? suggests that taurine upreg-
ulated gene 1 (TUGI) is composed of 6.7-kb nts,
and the imbalance of TUGI is related to the oc-
currence of several cancers, such as gastric'®, he-
patocellular carcinoma'!, and OS". To be specific,
the high expression of TUGI is concerned with
chemotherapy resistance in esophageal squamous
cell carcinoma'®. TUGI deficiency can restrain
cellular proliferation and invasion by targeting
microRNA-153 in OS". However, the biological
role of TUGI in OS tumorigenesis is still needed
to be highlighted.

MicroRNAs (miRNAs) are a kind of candidate
for gene therapy approaches. Their dysregulation
can be regarded as the indicators of the diagnosis
and prognosis in diverse cancers™". Neverthe-
less, the impacts of miRNAs on OS pathogenesis
and progression are different, a series of miRNAs
are highly expressed, but some miRNAs, such as
miR-424-5p, miR-29b, and miR-16, are evident-
ly reduced in OS tissues. Thus, it was challenged
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to identify the specific roles of miRNAs in OS%.
MiR-140-5p, as a member of miRNAs, has been
proved to reduce the growth of ovarian cancer?'.
Besides, miR-140-5p also mediates cell prolifera-
tion and apoptosis by regulating histone deacetyl-
ase 4 (HDAC4) in OS cells. By far, whether TUG1
can modulate cell behaviors, such as proliferation
and invasion via sponging miR-140-5p, is still
ambiguous. To date, profilin 2 (PNF2) has been
identified to be one of the most common profilin
in mammalian cells, and it can directly interact
with actin??, Based on the previous study?, PFN2
contributes to the metastasis of colorectal cancer
cells. Hence, it is necessary to understand the po-
tential role of PFN2 in OS progression.

In this report, we aimed to research the expres-
sion patterns of TUGI, miR-140-5p, and PFN2 in
OS. Also, the complex interaction between miR-
140-5p and TUGI or PFN2 was clarified. Above
all, this paper expounded a novel working path-
way of TUGI in the process of OS.

Patients and Methods

Patient Tissues and Cell Culture

OS tumor tissues were obtained from 30 pa-
tients who were diagnosed with primary OS and
treated at the Yantaishan Hospital. Besides, the
normal tissues (n=30) were derived from patients
who have been amputated by other diseases. All
the participators signed the written informed con-
sent before this study. This research received the
approval of the Ethics Committee of the Yantais-
han Hospital.

Human OS cell lines (MG63 and U20S) and
control cells (hFOBIL.19) were purchased from
American Type Culture Collection (ATCC;
Manassas, MA, USA). Among these, MG63 cells
were cultured with Eagle’s Minimum Essential
Medium (EMEM; ATCC, Manassas, MA, USA),
U20S cells were incubated with McCoy’s Sa
(Modified) Medium (Thermo Fisher Scientific,
Waltham, MA, USA), and hFOBI.19 cells were
grown in the mixture (1:1) of Ham’s F12 Medi-
um and Dulbecco’s Modified Eagle’s Medium
(DMEM; Thermo Fisher Scientific, Waltham,
MA, USA). It was worth noting that all the medi-
ums needed to be added 10% fetal bovine serum
(FBS; Gibco, Rockville, MD, USA) and 1'Peni-
cillin and Streptomycin (Gibco; 100 U/mL pen-
icillin and 100 pg/mL streptomycin). Next, the
cells were cultured in a humid atmosphere with
5% CO, at 37°C.

Transient Transfection

All the vectors used in the study were listed:
small hairpin RNA (shRNA) against TUGI (sh-
TUGI) and its negative control (sh-NC), small in-
terfering RNA (siRNA) against TUGI (si-TUGI)
and PFN2 (si-PFN2), and their negative control
(si-NC), overexpression vectors of TUGI (pcD-
NA-TUGLI) and PFN2 (pcDNA-PFN2), and their
blank control (pcDNA-con). Besides, miR-140-5p
mimic (miR-140-5p) and inhibitor (anti-miR-140-
5p), as well as relative controls (miR-NC for mim-
ic and anti-miR-NC for inhibitor), were designed
in Sangon Biotechnology (Shanghai, China). The
vectors and oligonucleotides were introduced into
the cells by using Lipofectamine 2000 reagent
(Invitrogen, Carlsbad, CA, USA) in the light of
specifications.

Quantitative Real-Time Polymerase Chain
Reaction (qRT-PCR) Assay

The total RNA was extracted and puri-
fied from tissues (OS and non-tumor samples)
and cells (MG63, U20S, and hFOBI1.19) us-
ing TRIzol reagent (Thermo Fisher Scientific,
Waltham, MA, USA). The primers of TUGI,
miR-140-5p, PFN2, glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), and U6 were
synthesized in Sangon Biotechnology (Shang-
hai, China). High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Fos-
ter City, CA, USA) was applied to synthesize
cDNA from the purified RNA. The miRNA was
synthesized using TagMan miRNA Reverse
Transcription kit (Applied Biosystems, Foster
City, CA, USA). Moreover, Real Time-Poly-
merase Chain Reaction was performed by us-
ing TagMan Universal Master Mix I (Applied
Biosystems, Foster City, CA, USA) reagent kit
and ABI 7500 Fast Real-Time (Applied Bio-
systems, Foster City, CA, USA). Then, GAP-
DH (for mRNA) and U6 (for miRNA) were
served as the internal references, and the levels
of the genes were calculated via 222" meth-
od. The primers were as below: TUGI1 (For-
ward: 5-CTGAAGAAAGGCAACATC-3’; Re-
verse: 5-GTAGGCTACTACAGGATTTG-3’);
miR-140-5p (Forward: 5-TGCGGCAGTG-
GTTTTACCCTATG-3’; Reverse: 5-CCAGT-
GCAGGGTCCGAGGT-3’); PFN2 (Forward:
5’-CGGCAGAGCTGGTAGAGTCTT-3’; Re-
verse: 5-TAGCAGCTAGAACCCAGAGTC-3%);
GAPDH (Forward: 5’-GTCAACGGATTTG-
GTCTGTATT-3’; Reverse: 5-AGTCTTCTGG-
GTGGCAGTGAT-3’); U6 (Forward: 5-CTC-
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GCTTCGGCAGCACATATACT-3’; Reverse:
5’-CGCTTCACGAATTTGCGTGT-3’).

Western Blot

The assay was operated as the previous de-
scription®®. Briefly, the isolated proteins were
transfected onto the polyvinylidene difluoride
membranes (PVDEF; Millipore, Billerica, MA,
USA). Subsequently, the membranes were incu-
bated with diluted primary antibodies, including
PFN2 (Abcam, Cambridge, MA, USA; ab191054,
1:500) and GAPDH (Abcam, Cambridge, MA,
USA; abl81602, 1:10000), and the corresponding
secondary antibody (Abcam, Cambridge, MA,
USA) was adopted to combine primary antibody.
Lastly, an enhanced chemiluminescence kit (Mil-
lipore, Billerica, MA, USA) was applied to appear
the special protein.

Cell Proliferation Detection

3-(4,5-dimethylthiazol-2-yl)-2,5-diphen-
yltetrazoliumbromide (MTT) assay was con-
ducted to identify the capacity of the prolif-
eration after MG63 and U20S cells treated
accordingly. Firstly, OS cells were plated into
a 96-well plate. After transfection for 48 h, 0.5
pg/mL MTT (10 uL; Promega, Madison, WI,
USA) was added into each well. Next, the cell
plate was placed into an incubator for 4 h at
37°C, the medium was abandoned immedi-
ately, and dimethylsulfoxide (DMSO; Sangon
Biotechnology, Shanghai, China) was admin-
istrated to dissolve the precipitated formazan.
The following agitation for 20 min, the opti-
cal density of the cell lysate was detected on
a microplate reader (Thermo Fisher Scientific,
Waltham, MA, USA) at 490 nm.

Transwell Assay

For cell migration assay, transwell chamber
(BD Biosciences, Franklin Lakes, NJ, USA) was
used for assessing the migration of MG63 and
U20S cells. Firstly, the transfected cells (~8°10*
cells/well) were inoculated into the upper cham-
ber with the serum-free medium, and the lower
chamber was added with 200 pL. complete medi-
um. After incubation for 4 h, the unmigrated cells
were scraped using a cotton swab, and the migra-
tory cells were stained using crystal violet (San-
gon Biotechnology, Shanghai, China), and next
observed and photographed using a microscope
(Olympus, Tokyo, Japan). Besides, MG63 and
U20S cells (1107 cells) were plated into the upper
chamber, which was pre-covered with Matrigel

(BD Biosciences, Franklin Lakes, NJ, USA) for
cell invasion assay.

Dual-Luciferase Reporter Assay

Partial wildtype or mutant TUGI fragment
containing the binding sites of miR-140-5p, and
the common domain between miR-140-5p and
wildtype or mutant PFN2 were amplified and
then inserted into the Luciferase reporter vector
of psiCHECK-2 (Promega, Madison, WI, USA),
forming WT-TUG1, MUT-TUGI, WT-PFN2, and
MUT-PFN2 reporters. The above reporters were
introduced into MG63 and U20S cells. In the
endpoint, the effect of miR-140-5p mimic on the
Luciferase activity of the transfected reporters
was evaluated by using a Dual-Luciferase report-
er assay kit (Promega) on the base of the manu-
facturer’s manuals.

In Vivo Xenograft Model

BALB/c-nude mice (4-6 weeks, n=5/group)
were obtained from Shanghai SLAC Laboratory
Animal Co., Ltd (Shanghai, China). Above all,
the experimental operations were by the Institu-
tional Animal Care and Use Committee of the
Yantaishan Hospital. After mice were randomly
divided into two groups (sh-TUGI-mediated mice
or sh-NC-mediated mice), the stably transfected
U20S cells were injected into the left flank of
mice subcutaneously. In the animal experiments,
the data of tumor length and width were recorded
every 4 days for 6 times. Mice were sacrificed at
27 days post-injection, and the tumors were taken
out and weighed.

Statistical Analysis

The data from the three independent assays
were displayed as mean + standard deviation
(mean = SD). Student’s t-test (for comparisons
between two groups) or One-way analysis of vari-
ance with Tukey’s post-hoc test (for comparisons
among three or more groups) was performed to
analyze the difference of the data. p-value less
than 0.05 showed that the difference was statisti-
cally significant.

Results

Levels of TUGI and PFN2 Were Highly
Expressed in OS Tissues and Cell Lines
To identify the expression patterns of TUG and
PFN2 in the OS progression, the level of TUGI
was determined via qRT-PCR; the results dis-
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Figure 1. Levels of TUG1 and PFN2 were highly expressed in OS tissues and cell lines. A-D, Levels of TUG1 and PFN2 in (A
and C) OS tissues and (B and D) cell lines were estimated using qRT-PCR. E and F, The protein expression level of PFN2 was

measured by Western blot assay. *p<0.05.

played that TUGI was highly expressed in OS tis-
sues and cell lines (Figure 1A and 1B). Moreover,
the mRNA level of PFN2 was also augmented in
OS tumors and cells (Figure 1C and 1D). Simulta-
neously, we also explored the protein expression
of PFN2, and the Western blot analysis discovered
that the protein expression of PFN2 was indeed
improved in OS tissues and cell lines (Figure 1E
and 1F). The data meant that the expression levels
of TUGI and PFN2 were aberrantly intensified in
OS tissues and cells.

TUGT Detection Constrained Proliferation,
Migration, and Invasion in MG63
and U20S Cells

According to the aberrant level of TUGI in OS,
we aimed to explore whether TUGI participated
in the OS development. Firstly, si-TUGI or si-NC
was introduced into MG63 and U20S cells; the
gRT-PCR analysis showed that the transfection
of si-TUGI could clearly hamper TUGI level
in vitro (Figure 2A). Subsequently, the effect of
TUGI knockdown on cell proliferation was an-
alyzed using MTT assay; the results suggested

that the proliferation of MG63 and U20S cells
was evidently constrained after transfection with
si-TUGLI (Figure 2B and 2C). Meanwhile, TUG1
silencing could especially impede cell migration
and invasion in MG63 and U20S cells (Figure 2D
and 2E). The evidence exposed that TUGI detec-
tion could efficiently reduce cell proliferation, mi-
gration, and invasion in OS cells.

PFNZ Silencing Curbed Cell Proliferation,
Migration, and Invasion In Vitro

Because of the exceptional expression of PFN2
in OS tissues, we guessed that PFN2 acted as a
critical role in OS development. To further in-
vestigate the role of PFN2 in cell behaviors, the
knockdown vector was constructed and intro-
duced into MG63 and U20S cells, and the mRNA
and protein levels of PFN2 were remarkably re-
tarded after transfection with si-PFN2 (Figure 3A
and 3B). Subsequently, we explored the impact of
PFN2 deficiency on cell proliferation, and MTT
analysis exhibited that the ability of cell prolifera-
tion was significantly restrained by si-PFN trans-
fection (Figure 3C and 3D). Moreover, the knock-
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down of PFN2 markedly blocked the capacity of
mobility and invasiveness in MG63 and U20S
cells (Figure 3E and 3F). In brief, the deficiency
of PFN2 could notably hinder cell behaviors, in-
cluding cell proliferation, migration, and invasion
in OS cells.

Impact of TUG1 Knockdown on Cell
Behaviors was Abolished by
Upregulation of PFNZ in OS Cell Lines
Given the repressive role of si-TUGI and si-
PFN2 in OS cell growth, the regulatory mech-
anism between TUGI and PFN2 was subse-
quently investigated. Firstly, the efficiency of
pcDNA-PFN2 was verified via qRT-PCR and
Western blot assays; the results proved that pcD-
NA-PFN2 could achieve PFN2 upregulation in
the aspects of mRNA and protein (Figure 4A and
4B). Next, si-NC, si-TUG], si-TUG1+pcDNA-con,

or si-TUGI+pcDNA-PFN2 was transfected into
MG63 and U20S cells, respectively. MTT anal-
ysis displayed that the repressive effect of TUGI
detection on cell proliferation was regained via
simultaneous transfection with pcDNA-PFN2 in
vitro (Figure 4C and 4D). Furthermore, the over-
expression of PFN2 could rescue the inhibiting
role of TUGI silencing on mobility and invasive-
ness in OS cells (Figure 4E and 4F). All the data
indicated that the effect of TUGI1 knockdown on
cell behaviors was abrogated by PFN2 upregula-
tion in OS cells.

TUGT was a Sponge of miR-140-5p to
Isolate PFN2

Due to the regulatory mechanism between
TUGI and PFN2 in OS, the specific work path-
way of TUGI was needed to be researched. The
prediction of starBase v2 indicated that miR-140-
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Figure 2. TUGI detection constrained proliferation, migration, and invasion in MG63 and U20S cells. MG63 and U20S cells
were transfected with si-TUGTI or si-NC, respectively. A, The knockdown efficiency was assessed by qRT-PCR. B and C, The
effect of si-TUGTI on cell proliferation was identified via MTT assay. D and E, Transwell assay was performed to measure cell
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Figure 3. PFN2 silencing curbed cell proliferation, migration, and invasion in vitro. Si-PFN2 or si-NC was introduced into
MG63 and U20S cells. A and B, The mRNA and protein levels of PFN2 were detected utilizing qRT-PCR (A) and Western blot
assays (B), respectively. C and D, MTT assay was conducted to examine the ability of cell proliferation in vitro. E and F, Cell
migration and invasion were measured adopting transwell assay. *p<0.05.

S5p was a possible target of TUGI (Figure 5A).
What’s more, miR-140-5p mimic could distinctly
impede the Luciferase activity of WT-TUGI, but
it did not change the luciferase activity of MUT-
TUGI in both MG63 and U20S cells. The data
showed that TUGI] could directly target miR-
140-5p (Figure 5B and 5C). After that, qRT-PCR
analysis exhibited that the level of TUGI1 was op-
posite with miR-140-5p, showing the accelerato-
ry effect of si-TUGI and the repressive effect of
pcDNA-TUGI on the level of miR-140-5p in OS
cells (Figure 5D). Similarly, we also predicted the
interaction between miR-140-5p and PFN2 adopt-
ing StarBase v2.0 (Figure 5E). Given the com-
plementary sequences between miR-140-5p and
PFN2, WT-PFN2 or MUT-PFN2 was transfected
into MG63 and U20S cells. We found that the in-
hibitory role of miR-140-5p mimic on the Lucif-
erase activity of WT-PFN2 reporter was rescued
after co-transfection with pcDNA-TUGI, while
neither miR-140-5p nor pcDNA-TUGI could sig-
nificantly change the Luciferase activity in the
mutant group (Figure 5F and 5G). Then, qRT-
PCR analysis exposed that miR-140-5p mimic
drastically retarded the mRNA and protein levels
of PFN2, whereas simultaneous introduction of
pcDNA-TUGI could abolish the repressive im-

pact of miR-140-5p mimic on PFN2 level (Figure
5H and 51). In short, TUG1 was a sponge of miR-
140-5p to far away PFN2.

Effects of PFNZ2 Deficiency on Cell
Proliferation, Migration, and Invasion
were Regained by Either TUGT
Overexpression or miR-140-5p
Detection In Vitro

To further explore the role of TUGI, miR-
140-5p, and PFN2 in cellular functions of OS,
si-NC, si-PFN2, si-PFN2+pcDNA-con, si-PF-
N2+pcDNA-TUGI, si-PFN2+anti-miR-NC, or
si-PFN2+anti-miR-140-5p were introduced into
MG63 and U20S cells, respectively. Firstly, we
disclosed that the repressive effect of si-PFN2
on mRNA and the protein levels of PFN2 was
overturned via synchronously introducing ei-
ther pcDNA-TUGI or miR-140-5p inhibitor
(Figure 6A-6D). Subsequently, the capacity of
cell proliferation was estimated by MTT as-
say, and the results presented that either TUG1
overexpression or miR-140-5p inhibition could
revert the suppressive role of PFN2 detection
in the proliferation of MG63 and U20S cells
(Figure 6E and 6F). Similarly, cell migration
and invasion, which were markedly curbed by
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Figure 5. TUGI was
a sponge of miR-140-
S5p to isolate PFN2. A,
The complementary se-
quences between TUGI1
and miR-140-5p pre-
dicted by starBase v2.0
were shown. B and C,
Luciferase activity of
WT-TUG1 or MUT-
TUGI plasmids was de-
termined using dual-lu-
ciferase reporter assay.
D, QRT-PCR was em-
ployed to assay the level
of miR-140-5p after up-
regulation or downreg-
ulation of TUGI in OS
cell lines. E, The bind-
ing sites between miR-
140-5p and PFN2 were
predicted using starBase
v2.0 software. MiR-NC,
miR-140-5p, miR-140-
SptpcDNA-con, or miR-
140-5p+pcDNA-TUGI
was introduced into OS
cell lines, respectively.
F and G, The Lucifer-
ase activities of WT-
PFN2 and MUT-PFN2
plasmids were analyzed
using dual-luciferase
reporter assay. H and I,
QRT-PCR and Western
blot assays were used
to estimate mRNA and
protein levels of PFN2 in
vitro. *p<0.05.
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Figure 6. Effects of PFN2 deficiency on cell proliferation, migration, and invasion were regained by either TUG1 overexpression or miR-140-5p detection in vitro. MG63 and
U20S cells were transfected with si-NC, si-PFN2, si-PFN2+pcDNA-con, si-PFN2+pcDNA-TUGI, si-PFN2+anti-miR-NC, or si-PFN2-+anti-miR-140-5p, (A-D) the mRNA and
protein expression levels were analyzed adopting qRT-PCR (A and B) and Western blot assays (C and D), respectively. (E and F) MTT assay was performed to examine cell prolif-
eration in MG63 and U20S cells. G-J, The capacities of cell migration and invasion were evaluated utilizing transwell assay. *»<0.05. 9789
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level of PFN2 was analyzed using Western blot. *»<0.05.

PFN2 silencing, were ameliorated by either
TUGI overexpression or miR-140-5p inhibitor
in vitro (Figure 6G-6J). All the evidence im-
plied that both TUGI upregulation and miR-
140-5p repression could recover the inhibiting
effect of PFN2 deficiency on cellular behaviors
in MG63 and U20S cells.

TUGT Detection Led to the Decrease
of OS Tumor Growth In Vivo

To gain insights into the biological role of
TUGTI in OS progression, the lentivirus-mediated
sh-TUGI was introduced into U20S cells to es-
tablish stably transfected OS cells. Then, we con-
firmed that the knockdown of TUGI could hinder
tumor growth, showing as the decrease of tumor
volume and weight in the TUGI deficiency group
(Figure 7A and 7B). In addition, the qRT-PCR
analysis demonstrated that the level of TUGI was
prominently reduced, while the miR-140-5p level
was especially reinforced in the treatment group
(Figure 7C and 7D). Finally, the protein expression
of mature PFN2 was also identified via Western
blot assay, and the results expounded that PFN2
protein expression was conspicuously hampered
in the sh-TUGI-mediated xenograft tumor tissues

9790

(Figure 7E and 7F). The evidence manifested that
TUGTI detection could suppress the tumor growth
of OS in vivo.

Discussion

OS is a frequent bone tumor with malignan-
cy, seriously affecting the health of human®.
LncRNAs, which have been deemed to have no
translated proteins sequences, work as the gen-
eral mediators (suppression or facilitation) in
the prognosis and development of human OS?*.
For example, HNF1A-antisense 1 triggered the
growth and invasiveness of OS cells by improv-
ing the activation of Wnt/B-catenin pathway?’.
Herein, the pathological functions and biologi-
cal roles of TUGI in the process and initiation
of OS were investigated. Firstly, the qRT-PCR
analysis indicated that the TUGI level was clear-
ly augmented in the OS tissues. In addition, we
also exposed that TUGI deficiency hampered
cell proliferation and metastasis in the OS cells,
which agreed with earlier evidence®.

Although IncRNAs have been disclosed to be
involved in several pathologies, the understand-
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ing of their roles remains limited. We firstly im-
plied that TUGI knockdown indeed constrained
cell proliferation, migration, and invasion in
MG63 and U20S cells, whereas the precise reg-
ulatory mechanism of TUGI was needed to be
highlighted. Inspired by the ‘competing endog-
enous RNA (ceRNA)’ regulatory network, we
speculate that TUG1 might serve as a ceRNA?.
To verify this hypothesis, the bioinformatics
analysis showed that miR-140-5p was a proba-
ble target gene of TUGI. Subsequent Dual-Lu-
ciferase reporter analysis clarified that TUGI
could directly target miR-140-5p in MG63 and
U20S cells. Additionally, earlier records re-
vealed that miR-140-5p curbed metastasis of
gastric cancer by targeting YES Proto-Onco-
gene 1 (YESI)*. Other reports®! suggested that
miR-140-5p was a target gene of Unigene56159,
and its mimic could suppress epithelial-mesen-
chymal transition in hepatocellular carcinoma
cells by acting as ceRNA. With regard to miR-
140-5p, it has been broadly emerged to be a vital
modulator in diverse malignant tumors. Then,
the correlation between miR-140-5p and TUGI
was evaluated via qRT-PCR analysis, and the
results showed that miR-140-5p level was pas-
sively associated with the TUGI level. Upregu-
lation of TUGI could decrease miR-140-5p level,
whereas the role of si-TUGI was opposite with
pcDNA-TUGI in regulating miR-140-5p level.
Collectively, TUGI served as a ceRNA of miR-
140-5p to modulate the phenotypes of OS cells.
Subsequently, we aimed to expose the specific
molecular mechanism of miR-140-5p in the pro-
cess and pathogenesis of OS.

From the above descriptions, we manifested
that TUGI1 was an oncogenic gene, whereas miR-
140-5p acted as a repressive factor in OS devel-
opment. Then, StarBase V2.0 was employed to
search for the potential targets of miR-140-5p,
and we uncovered that PFN2 had complementa-
ry sequences with miR-140-5p. PFN2, belonging
to the PFN family, was present in the brain to
regulate neurogenesis and synapse formation via
interacting with multiple proteins®?. In addition,
PFN2 could regulate the progression of axonal
Charcot-Marie-Tooth disease®. Despite this,
PFN2 was also associated with human cancers
and might work as a valuable predictor for the
prognosis of head and neck squamous carcino-
ma**. Of note, the level of PFN2 was co-regu-
lated by TUGI and miR-140-5p in OS cell lines.
Further, the roles of PFNI silencing in cell be-
haviors were abrogated by either miR-140-5p

inhibition or TUGI overexpression. All the data
displayed that TUG1 was a sponge of miR-140-
5p to isolate PFN2 in OS progression.

Conclusions

Taken together, the knockdown of TUGI or
PFN2 could significantly reduce cell prolifera-
tion, migration, and invasion in vitro. The effect
of TUGI detection on cell behaviors of OS cells
was rescued by either miR-140-5p inhibitor or
PFN2 overexpression. Moreover, TUG1 modified
the tumor growth via miR-140-5p/PFN2 axis in
a xenograft tumor model. However, the working
pathway of TUGI in human diseases still needs
further researches.
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