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Abstract
Osteosarcoma (OS), the commonest primary malignant tumour originating from bone, affects a
substantial number of people, mostly during adolescent growth, and leads to a very poor prognosis as a
result of the high rate of early metastases. Consequently, there is urgent demand for a novel treatment
for this disease. There are growing concerns focused on OS-induced pro-angiogenic effects, but to date,
the mechanism of OS-induced pro-angiogenesis is still insufficiently well-understood. Long noncoding
RNAs (lncRNAs) have attracted increasing interest due to their strong correlation with a variety of
diseases and their powerful capacity for epigenetic regulation. Recently, metastasis-associated lung
adenocarcinoma transcript 1 (MALAT1), a lncRNA, has been discovered to be closely related to OS
progression and hypoxia responses which are associated with angiogenesis. In this study, we confirm
that MALAT1 induces pro-angiogenic effects, and demonstrate that the underlying mechanism involves
a MALAT1/mechanistic target of rapamycin (mTOR)/hypoxia inducible factor-1α (HIF-1α) loop. With
the help of chemically-modified small interfering RNAs targeting MALAT1 (siMALAT1), we confirm that
siMALAT could provide a potential strategy to block the abnormally active OS-induced pro-angiogenic
effect, and ultimately successfully suppress progression of OS tumours.
Key words: osteosarcoma, MALAT1, siRNA, angiogenesis, oncotherapy.

Introduction
Osteosarcoma (OS) is the most common primary
malignant tumour arising in bone, especially near the
metaphyseal growth plates of long bones or around
the knee, and has high morbidity with a major peak
during adolescent growth, and a minor peak in
patients in their 70s and 80s [1-3]. The early metastasis
rate is high and, at the same time, patients with
metastatic disease have a very poor prognosis which
means that, to be specific, the five-year survival rate
remains below 30% [4, 5]. To make matters worse,
almost a quarter of OS patients have metastasized
sarcoma cells at first presentation [6, 7], and hence,
operative treatment including amputation surgery
does not prove adequate. Consequently, novel

treatments are in high demand.
Over the past few years, more and more studies
have paid close attention to the role of angiogenesis,
including the imbalance between anti-angiogenic and
pro-angiogenic effects, in OS progression including
proliferation, migration, and metastasis [8]. The
foremost regulator of angiogenesis is vascular
endothelial growth factor (VEGF), which participates
in the pathogenesis and progression of several cancers
[9], and has been reported to be closely related to the
clinical stages of OS [10, 11]. However, a more
detailed and essential understanding of the countless
ties between OS-induced angiogenesis and OS
progression still requires further investigation.
http://www.ijbs.com
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With improvements in knowledge of the human
genome, it is now known that most genomic
sequences are generally transcribed into RNAs
including both protein-coding RNAs (or messenger
RNA, mRNA) and non-coding RNAs (ncRNAs) [12].
Among the ncRNAs, long non-coding RNAs
(lncRNAs), defined as ncRNAs with at least 200
nucleotides and without apparent protein-coding
capability [13, 14] are attracting more and more
interest due to the strong correlation with a variety of
diseases and their powerful capacity for epigenetic
regulation [15]. More interestingly, studies have
shown that the expression profile of lncRNAs is
shifted in OS [16, 17].
Metastasis-associated lung adenocarcinoma
transcript 1 (MALAT1) was first identified as a
member of the lncRNAs that is highly expressed in
several types of cancer [18, 19]. The expression level of
MALAT1 is closely related to OS progression, as, for
instance, silence of MALAT1 would delay tumour
growth of OS, indicating the potential of MALAT1 as
a theranostic target of OS treatment [20]. From
subsequent studies, the strong relationship between
MALAT1 and OS progression has gradually emerged
[21]. However, the detailed mechanism of
MALAT1-induced OS progression still remains
unknown and needs to be elucidated.
Expression of MALAT1 is dramatically
enhanced in hypoxic conditions in which
angiogenesis is promoted [22]. Further, the most
recent studies have revealed the outline of the
relationship between MALAT1 and pro-angiogenic
ability [23-25]. In addition, it is reported that the
vasculogenic mimicry or pro-angiogenic ability
induced by MALAT1 is mediated by pro-angiogenic
factors including VEGF and FGF2 [25, 26].
Based on the obvious similarity between the
abnormally-high expression of MALAT1 in OS and
the high expression of MALAT1induced by hypoxia,
we surmised that the high level of expression of
MALAT1 creates the illusion of a hypoxic
environment, generating the abnormally strong
angiogenic stimulus observed in OS, an illusion which
might be mediated by hypoxia inducible factor-1α
(HIF-1α). Although previous studies have implied the
existence of a MALAT1/HIF-1α loop [27, 28], the
detailed
mechanism
still
remains
unclear.
Interestingly, MALAT1 has been shown to activate
mechanistic target of rapamycin (mTOR) [29], which
can further increase the level of HIF-1α [30, 31].
The present research confirmed that abnormally
highly-expressed MALAT1 participates in a
MALAT1/mTOR/HIF-1α positive feedback loop,
playing a crucial role in OS-related pro-angiogenic
ability in tumour progression. More specifically,
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abnormally high expression of MALAT1 in OS cells
induces abnormally high expression of HIF-1α via the
activation of mTOR, and this highly-expressed HIF-1α
in turn induces abnormally high levels of
angiogenesis which ultimately promote OS
progression. Meanwhile, the high expression levels of
HIF-1α in turn sustain the high expression of
MALAT1 to a certain extent. Finally, we employed a
chemically-modified siRNA of MALAT1, and proved
its ability to retard or stop the progression of OS as
well as to inhibit tumour-induced angiogenesis,
suggesting it may play an important role in future
anti-cancer strategies targeting OS.

Materials and Methods
Cell culture
In this study, we used a well-accepted cell line of
human OS, MNNG/HOS [32, 33], which was
obtained from the Cell Bank of the Chinese Academy
of Sciences (Shanghai, China). The MNNG/HOS cells
were cultured in Dulbecco's modified eagle medium
(DMEM; Thermo Fisher Scientific, Waltham, MA,
USA) with 10% foetal bovine serum (FBS; Gibco,
Thermo Fisher Scientific) in a constant temperature
humidified 37°C incubator with 5% carbon dioxide
(CO2). We used a human microvascular endothelial
cell line (HMEC-1), a widely-used cell model for the
assessment of pro-angiogenic ability including
proliferation, migration and tubule formation, to
evaluate cell migration and tubule formation; the cell
culture of HMEC-1 has been described previously [34,
35]. The use of HMEC-1 is generally accepted as an in
vivo model for the study of cancer-related
angiogenesis and the antiangiogenic properties of
antitumor drugs [36-40].

Small interference RNA (siRNA)
To interfere with the function of MALAT1, we
purchased a ready-to-use siRNA for MALAT1, the In
Vivo Pre-designed siRNA for MALAT1 (siMALAT1;
siRNA ID: n511399; Ambion, Thermo Fisher
Scientific) as well as its negative control, In Vivo
Negative Control siRNA (siCtrl; Ambion, Thermo
Fisher Scientific). The siRNAs were transfected into
cells with the help of Lipofectamine™ 2000
Transfection Reagent (Invitrogen, Thermo Fisher
Scientific) according to the instructions supplied. The
working solution for in vivo transfection was prepared
using Invivofectamine™ 3.0 Reagent (Invitrogen)
referring to the accessary supporting files.

Inhibitor and agonist
The inhibitors and agonist in this study
(rapamycin, MHY1485 and BAY 87-2243) were
purchased from Selleckchem (Houston, TX, USA).
http://www.ijbs.com
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The working concentration of both rapamycin and
BAY 87-2243 was 100 nM, while the working
concentration of MHY1485 was 1 μM. Rapamycin is a
well-recognized inhibitor of mTOR kinase [41, 42],
MHY1485 is an effective agonist of mTOR [43, 44],
and BAY 87-2243 is a highly selective inhibitor of
HIF-1α [45, 46].

RNA isolation and reverse
transcription-polymerase chain reaction
(RT-PCR)
After extraction of total RNA using TRIzol
Reagent (Invitrogen), the complementary DNA
(cDNA) was synthesised using a SuperScript™ IV
First-Strand Synthesis System (Invitrogen) following
the instructions provided by the manufacturer.
Subsequent PCR amplification was performed with a
Platinum™ Multiplex PCR Master Mix (Invitrogen)
referring to the instructions provided by the
manufacturer.
The PCR primers are as described below:
GAPDH-FOR: GGGAAGGTGAAGGTCGGAGT
GAPDH-REV: GGGGTCATTGATGGCAACA
MALAT1-FOR: GCATTTTGGGATGGTCTTAA
MALAT1-REV: CAGCGGTACACTCCTTCTCT

Polyacrylamide gel electrophoresis (PAGE)
After RT-PCR, differences in expression levels
were analysed by PAGE. Briefly, the samples were
mixed with SYBR™ Safe DNA Gel Stain (Invitrogen),
BlueJuice™ Gel Loading Buffer (Invitrogen) and
UltraPure™ DNase/RNase-Free Distilled Water
(Invitrogen) according to the manufacturer’s
instructions. The prepared samples were loaded onto
Novex™ TBE Gels (Invitrogen) and electrophoresed
at a constant voltage of 150 V for 40 min, and finally
the gel was observed using a Bio-Rad Gel Doc™ XR+
system (Bio-Rad, Hercules, CA, USA).

Cell Counting Kit-8 (CCK-8) assay
Cell counting kit-8 (CCK-8) was acquired from
Dojindo Molecular Technologies (Kumamoto, Japan).
Before CCK-8 assay, cells were treated with different
samples of conditioned medium for 48 h. Then cells
were plated into 96-well plates at 5 × 103 cells/well.
On day 0, 1 and 3, a total of 10 μL of CCK-8 solution
were added into each well before returning to the
37°C incubator for 1 h, after which the optical density
(OD) values were detected by a Bio-Rad microplate
reader. Wells without cells were used as blanks. The
detailed procedures were as described previously[47].

Migration assay
After treating with conditioned medium from
different cultures for 48 h, cells were inoculated onto
the surface of the upper chamber of a Corning 8-μm
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transwell plate (Corning, NY, USA). The detailed
procedures were as described previously [34, 35]. The
method of quantifying the results of the migration
assay involved counting the migrated cells as
described previously [35].

Tubule formation assay
After treating the cells with different samples of
conditioned medium for 48 h, angiogenic activity was
evaluated using ECM gel (Sigma-Aldrich, St Louis,
MO, USA). The detailed procedures were as described
previously [34]. The quantitative method for
evaluating tubule formation involved calculating the
percentage of tube numbers relative to the positive
control group (the CM-siCtrl group in this study) as
described previously [48].

Immunoblotting and antibodies
The detailed procedures used for protein
extraction and western blotting were as described
previously [34, 49]. The primary antibodies used in
this study, including p-mTOR, mTOR, HIF-1α,
p-AKT, AKT, p-ERK, ERK, and β-actin were obtained
from Cell Signaling Technology (Boston, MA, USA).

Enzyme-linked immunosorbent assay (ELISA)
The anti-VEGFA and anti-FGF2 primary
antibodies for ELISA were purchased from Abcam
(Cambridge, UK). The ELISA coating solution, TMB
Substrate, and ELISA STOP solution were purchased
from SolarBio (Beijing, China). The detailed
procedures were as described previously [34].

Nude mouse transplantation tumour assay
To study therapeutic strategies for malignant
tumours, the most well-recognized model is the nude
mouse transplantation tumour assay [50]. We used
6-week-old BALB/c nude mice, which were raised in
a specific pathogen free (SPF)-grade animal
experimental centre which has a laminar flow device
and a specific light-dark cycle (12 h light: 12 h dark).
All experimental and animal care procedures
were approved by the Animal Research Ethics
Committee of Shanghai Sixth People's Hospital, with
reference to the Animal Research: Reporting of In
Vivo Experiments (ARRIVE) guidelines, the
Interdisciplinary Principles and Guidelines for the
Use of Animals in Research, Testing, and Education
by the New York Academy of Sciences, and the
National Institutes of Health (NIH) guide for the care
and use of laboratory animals.
The nude mice were inoculated around the left
side of the neck with 5 × 106 MNNG/HOS cells by
subcutaneous injection. Seven days later, when the OS
tumours had reached approximately 3 mm3, the mice
were randomly allocated into the control group or the
http://www.ijbs.com
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siMALAT1 group (n = 8 per group; five for long-term
observation and three to obtain tissue specimens). In
the groups for long-term observation, on day 7, 12,
and 17 after inoculation, the siMALAT1 working
solution was injected into the transplanted tumours.
In the groups for obtaining tissue specimens, on day 7
after inoculation, the siMALAT1 working solution
was injected into the transplanted tumours and the
mice were euthanised with an overdose of
anaesthetic, on day 9 after inoculation, before
obtaining tissue specimens for western blotting or
PCR assays. The siMALAT1 working solution was
prepared by mixing siMALAT1 (10 mg/kg) with
Invivofectamine™, and diluting using normal saline
according to the manufacturer’s instructions; in the
control group, siMALAT1 was replaced by an equal
quantity of siCtrl.
On day 21 after inoculation, the mice were
euthanised with an overdose of anaesthetic. The
tumours were carefully excised and prepared for
paraffin embedding and sectioning, as described in a
previous study [35].

Histological staining and immunofluorescence
staining of paraffin sections
After sectioning, the sections were used for
immunofluorescence staining, following the detailed
procedures described in previous publications [35,
51]. The cleaved-caspase-3 primary antibodies were
obtained from Cell Signaling Technology, while other
primary antibodies including VEGF-A, Ki67 and
CD31 were obtained from Abcam.

Statistical analysis
Numerical data are shown as means ( 𝑥𝑥̅ ) ±
standard deviation (SD). One-way analysis of
variance (ANOVA), which was performed using
RStudio (Boston, MA, USA), was used to confirm the
statistically-significant differences. When P values
were < 0.05, the means were considered to be
significantly different.

Results
MALAT1/HIF-1α loop in OS cells
The expression level of MALAT1 in OS was
measured by subjecting the RT-PCR products to
PAGE (Fig. 1A). We found that expression of
MALAT1 was dramatically increased in OS compared
to bone marrow stromal cells (BMSCs), representative
normal cells with osteogenic potential in the bone
marrow. The siRNA of MALAT1, used in this study,
was proven to be effective in suppressing the level of
MALAT1 in OS cells (Fig. 1A). Analysis of ex vivo
tissue specimens further confirmed the in vivo
inhibiting ability of siMALAT1 (Fig. S1A).
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To confirm the existence of a MALAT1/HIF-1α
loop [27, 28], we obtained inhibitors for the main
nodes of this loop, including rapamycin, a classical
inhibitor of mTOR [42, 52], and BAY 87-2243, a
selective inhibitor of HIF-1α [45]. To further confirm
that mTOR is a crucial node in the MALAT1/HIF-1α
loop, we obtained MHY1485, an agonist of mTOR [43,
44].
We confirmed the efficiency of rapamycin and
MHY1485 by western blotting (Fig. 1B). We observed
that siMALAT1 markedly inhibited mTOR signalling
(Fig. 1B), indicating that the abnormal activation of
mTOR signalling in OS is induced by MALAT1.
Rapamycin inhibited the phosphorylation of mTOR,
simulating the effect caused by siMALAT1. MHY1485
rescued the siMALAT1-induced inhibition of mTOR
phosphorylation.
Confirmation
of
the
HIF-1α/MALAT1/mTOR feedback mechanism was
further confirmed using BAY 87-2243, the HIF-1α
inhibitor. The result showed that inhibition of HIF-1α
caused slight inhibition of mTOR via the feedback
loop (Fig. 1B).
In consideration of the difficulty of detecting
HIF-1α
under
normoxic
conditions,
the
well-recognized solution is to use CoCl2 to simulate
hypoxia and then detect HIF-1α [53]. Using this
method we found that the expression of HIF-1α was
not so hard to detect under simulated hypoxia, but
addition of siMALAT1, rapamycin or BAY 87-2243
each inhibited the expression of HIF-1α (Fig. 1C).
MHY1485, which rescued the siMALAT1-induced
inhibition of mTOR phosphorylation, rescued the
siMALAT1-induced inhibition of HIF-1α. These
results show that mTOR is a critical player in the
MALAT1/HIF-1α axis. The siMALAT1-induced
inhibition of HIF-1α was further confirmed using ex
vivo tumour tissue specimens (Fig. S1B).
We further used PAGE to investigate the
HIF-1α/MALAT1 feedback to produce a complete
picture (Fig. 1D). Our results showed that
rapamycin-induced inhibition of mTOR and the
inhibition of HIF-1α both slightly inhibited the
expression of MALAT1, and this inhibition could be
partially relieved by MHY1485.

Changes of the secretome mediated by the
MALAT1/HIF-1α loop
Changes in the levels of growth factors including
FGF2 and VEGF-A were measured using ELISA. The
results showed that siMALAT1, rapamycin and BAY
87-2243 all inhibited the secretion of FGF2 and
VEGF-A under both normoxia and hypoxia (Fig. 2A).
Furthermore this effect of siMALAT1 was rescued by
activation of mTOR using MHY1485 (Fig. 2A).

http://www.ijbs.com
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Figure 1. MALAT1/HIF-1α loop in OS cells. (A) RT-PCR products detected by PAGE. (B) Phosphorylation level of mTOR detected by western blot. (C)
HIF-1α detected by western blot. (D) RT-PCR products detected by PAGE.

Conditioned medium (CM) from MNNG/HOS
cells treated with siCtrl dramatically activated both
AKT and ERK while CM from MNNG/HOS cells
treated with siMALAT1, rapamycin or BAY 87-2243
had a weaker effect (Fig. 2B). The reduced effect of
siMALAT1 could be rescued by combination
treatment with MHY1485 (Fig. 2B).
The pro-angiogenic activity of CM was
determined using CCK-8 assay (Fig. 2C), transwell
assay (Fig. 2D and Fig. S1C) and tube formation assay
(Fig. 2E and Fig. S1D). The angiogenic activity was in
accordance with the activation level of AKT and ERK.

Suppression of tumour growth induced by
chemically-modified siMALAT1 by blocking its
pro-angiogenic ability
Tumour volume was significantly smaller in the
siMALAT1 group than in the control group (Fig. 3A)
indicating that chemically-modified siMALAT1 was
effective in suppressing tumour growth.
The proliferative ability of OS in vivo was
measured by Ki67 staining, and the results showed
that siMALAT significantly reduced the proliferative
ability of OS cells (Fig. 3B). In addition, without an
adequate blood supply provided by angiogenesis,
numerous internal cells in the siMALAT1 group
underwent apoptosis, measured by staining of

cleaved caspase-3, but this was not observed in the
control group (Fig. 3C).
We observed that in tumours treated with
siMALAT1, the level of expression of VEGF-A was
much lower compared to the control group (Fig. 3D).
Virtually no newly-formed vessels (observed by CD31
staining) were observed in the siMALAT1 group,
while there were plenty of newly-formed vessels in
the control group (Fig. 3E).

Discussion
Malignant osteoblasts, which constitute OS,
produce immature and infantile osseous or osteoid
tissue [54]. OS tends to occur in children and
adolescents who are undergoing a growth spurt [55].
The main therapeutic method for OS is surgical
treatment, but the survival rate remains low at
approximately 15–17% without the help of
chemotherapy [56, 57]. BMSCs give rise to
pre-osteoblastic
cells,
which
express
osteoblast-specific proteins including alkaline
phosphatase (ALP) and type I collagen [58]. We used
BMSCs as the normal control and found that
MNNG/HOS, an OS cell line, expressed abnormally
high levels of MALAT1. We suspected that this
abnormal expression might be the ‘chief culprit’ of OS
progression.
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Figure 2. Changes of the secretome mediated by the MALAT1/HIF-1α loop. (A) Changes of FGF2 and VEGF-A detected by ELISA. Under normoxic
conditions, *P < 0.05 compared to siCtrl and **P < 0.01 compared to siCtrl. Under hypoxic conditions, #P < 0.05 compared to siCtrl and ##P < 0.01 compared to siCtrl.
(B) The phosphorylation level of AKT and ERK after vascular endothelial cells were treated by different conditioned medium (CM). The (C) proliferation rate, (D)
migration rate and (E) tube formation ability of vascular endothelial cells (HMEC-1) after treated by different CM. *P < 0.05 compared to control.
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Figure 3. (A) Tumour volume was significantly smaller after siMALAT1 treatment. The in vivo expression of (B) Ki67, (C) cleaved caspase-3, (D) VEGF-A and (E)
CD31 were detected by immunofluorescence.
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The growth and metastasis of a tumour is largely
controlled
by
the
microenvironment
[59].
Angiogenesis is one of the hallmarks of tumour
progression and plays an important role as a
permissive action [60]. Angio-prevention, targeting
angiogenesis induced by tumour cells, could retain
the tumour cell in an indolent state and restrain
tumour progression [61].
For the past few years, an increasing number of
studies have revealed that angiogenesis plays a
crucial part in OS progression including in
proliferation, migration and metastasis [62]. In the
present study, the results showed that conditioned
medium from MNNG/HOS cells had powerfully
pro-angiogenic abilities. After blocking this ability, OS
tumour progression in vivo was dramatically
inhibited.
With gradual deepening of the understanding of
the crucial role of lncRNAs in tumour progression,
increasing evidence has been found connecting
lncRNA to the pathogenesis of several malignant
tumours including OS [63]. We found that MALAT1,
which has a high expression level in a variety of
malignant tumours [18, 19], was closely related to OS
progression [20], suggesting that MALAT1 could be a
potential therapeutic target. However, the detailed
mechanism of MALAT1-induced OS progression is
still unknown. In this study, we confirmed that
expression of MALAT1, which is correlated to
hypoxia-induced angiogenesis [22], is closely related
to the pro-angiogenic effect induced by OS [23-25], by
enhancing the expression level of pro-angiogenic
factors including VEGF-A and FGF2.
In the process of tumour-induced angiogenesis,
VEGF-A is regarded as a key participant [64]. In this
study, our results indicated that the abnormally-high
MALAT1 expression caused up-regulation of
pro-angiogenic factors including VEGF-A. In
particular, MALAT1 promotes the expression of
VEGF-A and consequently, angiogenesis, through the
MALAT1/mTOR/HIF-1α pathway, and the increased
level of HIF-1α has a positive-feedback effect causing
increased expression of MALAT1.
As the number of tumour cells increased, an
oxygen-deficient environment gradually formed,
leading to the development of an environment that
the tumour cells could not survive without strong
angiogenic
ability
[65,
66].
Consequently,
abnormally-active pro-angiogenic ability is one of the
hallmarks of malignancy [66]. HIF-1α, which
accumulates in hypoxia and is degraded in normoxia
[67], participates in the regulation of angiogenesis by
influencing the expression level of several
pro-angiogenic factors including VEGF-A [68, 69]. In
the present study, we inhibited HIF-1α using BAY

1405
87-2243, and found that HIF-1α-inhibition could
suppress the OS-induced pro-angiogenic effect.
However, HIF-1α is not a specific target and is present
in a variety of cell types. The use of a HIF-1α inhibitor
has risks including ischemic necrosis of normal tissue.
In contrast, MALAT1 is relatively specific to OS rather
than normal tissue. Therapeutic strategies targeting
MALAT1 could thus inhibit the abnormal OS-induced
angiogenesis, without affecting normal tissueinduced angiogenesis.
The kinase mTOR participates in integration and
transmission of signals in a variety of signal pathways
involved in cell growth and survival, by regulating
mRNA expression, metabolism and autophagy [70].
The activation of mTOR phosphorylates several
proteins including ribosomal protein S6 kinase
(p70S6K) and eukaryotic initiation factor 4E binding
protein 1 (4E-BP1) [71]. The synthesis of HIF-1α is
influenced by the mTOR signal pathway [72].
Previous studies found that rapamycin, an inhibitor of
mTOR
which
acts
by
inhibiting
the
mTOR/p70S6K/4E-BP1 pathway, could reduce the
metastasis of malignant osteosarcoma [73, 74], in
which the inhibition of neo-angiogenesis may play an
important role [74]. However, mTOR participates in
multifarious physiological functions of normal cells
[75-77]. Hence, inhibition of mTOR is not a treatment
strategy which specifically targets OS. In the present
study, our data showed that inhibition of MALAT1, a
relatively specific target of OS, could inhibit mTOR
and its downstream function, having a similar effect
to that of rapamycin. Consequently we believe that
MALAT1 will be a better potential target for the
treatment of OS.
Current research has indicated the possibility of
the existence of a MALAT1/HIF-1α loop. The positive
correlation between MALAT1 and HIF-1α was
recently revealed [78] and, further, increased HIF-1α
levels were found to significantly increase the
expression level of MALAT1 [27]. Moreover, the
intimate relationship between MALAT1 and the
mTOR pathway was also elucidated recently [29, 79],
and, in particular, the fact that MALAT1 can activate
mTOR via modulation of S6K1 alternative splicing
[29].
More
interestingly,
mTOR
is
a
widely-recognized upstream modulator of HIF-1α
[72]. Thus, our work, inspired by these previous
studies, verified the existence of a MALAT1/HIF-1α
loop, and further identified the important role of
mTOR in the MALAT1/HIF-1α loop. However,
certain inadequacies persist in current knowledge,
and more in-depth studies are still needed.
Although siRNAs are commonly-used tools in
gene regulation, they have powerful potential for
expansion. When combined with a variety of smart
http://www.ijbs.com
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nanovesicle technology [80-82], especially with
exosome technology [83, 84], the delivery of siRNA
could be targeted to specific cells [85], and
exosome-encapsulated siRNA could provide a more
stable and effective source with less influence on
normal cells [35, 86]. Thus, in the future, siMALAT1
could not only be administered via intra-tumour
injection but there is also the possibility of systemic
delivery when combined with smart nanovesicles
such as exosomes which target OS cells.
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In conclusion (Fig. 4), MALAT1 causes an
abnormally high pro-angiogenic effect by enhancing
the expression level of pro-angiogenic factors
including VEGF-A and FGF2, acting via the
MALAT1/mTOR/HIF-1α pathway as well as
through positive feedback from HIF-1α to MALAT1.
As a consequence, MALAT1 may be considered as a
new promising therapeutic target to prevent OS
progression.

Figure 4. Schematic diagram showing the role of MALAT1 in the progression of osteosarcoma.

Supplementary Material
Figure S1. http://www.ijbs.com/v13p1398s1.pdf
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