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ABSTRACT
Objective: To investigate the role and mechanism of action of nicotinamide nucleotide transhydrogen-
ase antisense RNA 1 (NNT-AS1) in osteosarcoma (OS).
Methods: Bioinformatic analysis suggested miR-320a as potential target of NNT-AS1. Influence of NNT-
AS1 overexpression or knockdown on OS cell proliferation, colony-formation, apoptosis, migration and
invasion capacity was first investigated. Expression levels of NNT-AS1, miR-320a, beta-catenin, RUNX2,
IGF-1R, c-Myc, Cyclin D1 and MMP13 were also evaluated by RT-qPCR and western blotting accordingly.
Xenograft models using U2OS and OS-732 cells with different NNT-AS1 gene modifications were
constructed for tumor formation assay as well as evaluation of miR-320a, beta-catenin and RUNX2
expression in primary lesion. NNT-AS1-overexpressing U2OS cells and NNT-AS1-knockdown OS-732 cells
were subject to miR-320a mimic and inhibitor transfection, respectively, to investigate the miR-320a
dependency of the osteosarcoma-promoting role of NNT-AS1.
Results: NNT-AS1 overexpression significantly increased proliferation, survival and mobility of U2OS cells
in vitro as well as its tumor formation ability in vivo, while NNT-AS1 knockdown showed opposite effect
on OS-732 cells. In both in vitro and in vivo model, NNT-AS1 expression level significantly correlated
with that of beta-catenin, RUNX2, IGF-1R, c-Myc, Cyclin D1 and MMP13 as well as Akt phosphorylation
level, and inversely correlated with miR-320a expression. Transfection of miR-320a mimic significantly
inhibiter the promoting effect of NNT-AS1 on cell proliferation, survival and mobility of U2OS cells, while
miR-320 inhibitor partially rescued that of OS-732 cells.
Conclusion: NNT-As1 functions as a cancer-promoting lncRNA by downregulating miR-320a, thus
increasing the protein expression level of beta-catenin, RUNX2 and IGF-1R as well as activation of Akt
in osteosarcoma.
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Introduction

Osteosarcoma is the most prevalent bone tumor and is
often highly malignant.1 Although the overall survival of
patients with osteosarcoma (OS) has improved to a five-
year survival of 70%, the outcomes of patients with meta-
static or recurrent OS remain poor.2 Development of new
and more effective treatment against OS is obstacle by our
lack of understanding of the molecular mechanisms in
detail of pathogenesis and progression of OS.1 Several key
oncogenic genes and pathways have been identified in OS,
such as genes belonging to the NOTCH and WNT/beta-
catenin signaling pathway as well as transcription factor
RUNX2 and Osterix, and amplification or upregulation of
these genes are frequently reported in OS.3–6

Long noncoding RNAs (lncRNAs) can regulate gene expres-
sion by interacting with microRNAs (miRNAs) or mRNAs. The
best understood function of miRNAs is blocking mRNA tran-
scription by direct binding, and lncRNA can rescue the mRNA
translation by “sponging” the targeting miRNA and inhibit its
function. lncRNA can function as either cancer-promoting or
suppressing in OS oncogenesis and development.7,8 PI3K/Akt,

NF-kappaB and HIPPO signaling pathways are frequently
potentiated by upregulation of lncRNAs in OS, such as
MALAT1, HOTTIP and HULC, while decrease in MEG3 has
been shown to facilitate OS development.8–11 Nicotinamide
Nucleotide Transhydrogenase-antisense RNA1 (NNT-AS1) is a
recently identified lncRNA with its function largely underex-
plored. Wang et al’s research showed that NNT-AS1 is upregu-
lated in colorectal cancer (CRC) and promote CRC development
possibly by activating MAPK/Erk signaling pathway with no
detectable protein-coding potential.12 Upregulation of NNT-
AS1 and its cancer-promoting role in cervical and liver cancer
have been demonstrated by Hua et al and Lu et al.13,14

The present research aimed to explore the role of NNT-
AS1 in OS. Our preliminary research using DIANA-
LncBase V2 found that NNT-AS1 might promote cancer
development by sponging miR-320a and other miR-320
family miRNAs. Although the role of miR-320a in OS is
undetermined before, its cancer-suppressing role in solid
tumors such as liver, lung, breast and pancreatic cancer has
been well documented.15–18 Notably, miR-320a is known
for its negative regulation of transcription factor RUNX2
and beta-catenin as well as insulin growth factor 1 receptor

CONTACT Chao Qi cqhao7985@sina.com Department of Orthopedics, Affiliated Hospital of Qingdao University, 16 Jiangsu Road, Qingdao, Shandong 266003, China

CANCER BIOLOGY & THERAPY
2019, VOL. 20, NO. 4, 413–422
https://doi.org/10.1080/15384047.2018.1538612

© 2018 Taylor & Francis Group, LLC

https://crossmark.crossref.org/dialog/?doi=10.1080/15384047.2018.1538612&domain=pdf&date_stamp=2019-03-06


(IGF-1R).19–22 In the present research we tested our
hypothesis that NNT-AS1 promote OS development by
sponging miR-320a, thus facilitating the expression of
beta-catenin and RUNX2 that functions as oncogenes.

Materials and methods

Cell culture and preparation

U2OS and OS-732 human bone osteosarcoma epithelial cells
(referred to as “OS cells” in the present manuscript) were
purchased from Shanghai Institute of Cell Biology, Chinese
Academy of Sciences (Shanghai, China). OS cells were cul-
tured in DMEM with 4500 mg/L D-Glucose (STEMCELL
Technologies, Vancouver, Canada) supplemented with 10%
FBS (Cell Applications, San Diego, USA) and 100 U/ml of
penicillin-streptomycin (Thermo Fisher Scientific, Waltham,
USA) in a cell incubator with an humidified atmosphere at
37°C with 5% CO2. U2OS cells with stable NNT-AS1 over-
expression and OS-732 cells with stable NNT-AS1 knock-
down were constructed by Fulengen (Guangzhou, China).
MiR-320a overexpression in NNT-AS1-overexpressing U2OS
cells and MiR-320a inhibition in NNT-AS1-knockdown
OS-732 cells were achieved by lentiviral transfection of miR-
320a precursor and inhibitor, respectively, using a customized
kit purchased from Genecopoeia (Guangzhou, China) follow-
ing manufacturer’s instructions.

RT-qPCR and western blot

For qPCR, total RNA from cell lysate was extracted using a
total RNA isolation kit (EpiGentek, Farmingdale, USA)
following manufacturer’s instructions. Extracted RNAs
were reversely transcribed into cDNAs using a cDNA
synthesis kit purchased from Bio-Rad (Hercules, USA) fol-
lowing manufacturer’s instructions. qPCR was performed
using FAST-SYBR Green Master Mix and StepOne Plus
Real-Time PCR Detection System (Applied Biosystems)
following manufacturer’s instructions. GAPDH and U6
snRNA were used as housekeeping genes for determining
the relative expression level of NNT-AS1 and miR-320a by
2−ΔΔCt method, respectively. Primer pairs for RT-qPCR
evaluating the transcription level of NNT-AS1 and miR-
320a were purchased from Genecopoeia. Primer sequences
are listed in Table 1.

For western blot evaluating protein expression, cells were
lysed using home-made RIPA buffer, and tumor tissue
samples were homogenized by tissue grinder with pre-
chilled RIPA buffer. Cell or tissue lysate were obtained by

harsh centrifugation, and protein expression level of beta-
catenin, RUNX2, IGF-1R, c-MYC, cyclin D1, MMP13, Akt
as well as Akt phosphorylation at Ser473 in lysate samples
were evaluated by western blot using GAPDH as house-
keeping gene. Relative expression was determined by com-
paring the gray scale of each protein band to that of
GAPDH using ImageJ software.

Cell functional assays

Cell proliferation assay was performed using CCK-8 cell count-
ing kit (Dojindo, absorbance, Japan) following manufacturer’s
instructions. Briefly, cells cultured on 96-well-plate were incu-
bated with CCK-8 solution for 1 hour before measuring the
absorbance at 450 nm (O.D 450) using a microplate reader.
Colony formation assay of OS cells were performed as described
by Wang et al.23 Cell apoptosis were evaluated by cell surface
staining with FITC-conjugated Annexin V/PI probes (BD
Biosciences, Franklin USA) followed by flow cytometry.
Annexin V positive cells were considered as apoptotic cells,
while Annexin V negative, PI positive cells being necrotic.
Trans-well assay was performed on a 24-well-plate using
Matrigel pre-coated chamber inserts (Costar, Washington DC,
USA). OS cells were added in the chamber in serum free con-
dition, and the chamber were inserted in culture medium with
10% FBS. Cells migrated to the bottom of the chamber were
stained with 1% crystal violet for 15 min in room temperature
before being photographed under magnified view. Scratch assay
was performed by scratching the OS cell culture on 12-well plate
with a sterile 1ml pipette tip, followed by incubation for
24 hours. Cell mobility were evaluated by determining the
migration rate as described previously.24

Tumor formation assay

NU/NU nude mice for tumor formation assay were purchased
from Charles River (Wilmington, USA). Xenograft model
were constructed by subcutaneous injection of OS cells on
the left back of the mice. Tumor volume were determined by
measuring the size of tumor with a caliper. At the endpoint of
the tumor formation assay, mice were euthanized, and tumor
were dissected for weighting and evaluating the expression
level of NNT-AS1, miR-320a as well as proteins mentioned
above by western blot. Laboratory animal use in this research
was approved by the ethical review committee of People’s
Hospital of Rizhao.

Statistical analysis

Statistical analysis was performed using SPSS software (Ver. 17).
Data in each group represents three replicates and were pre-
sented as mean ± SD, unless otherwise indicated. Students’ t test
and Sidak’s multiple comparisons test were used for significance
test, and statistical significance threshold was set as p < 0.05.

Table 1. Sequences of primer pairs used for RT-qPCR.

NNT-AS1 Forward: 5ʹ-CTGGAATCCCTGCTACTCAGGA-3ʹ
Reverse: 5ʹ – GCCATGTGATATGCCTGCTC-3’

GAPDH Forward: 5ʹ-GTCAACGGATTTGGTCTGTATT-3ʹ
Reverse: 5ʹ-AGTCTTCTGGGTGGCAGTGAT-3’

hsa-miR-320a Forward: 5ʹ -AAAAGCTGGGTTGAGAGGGA-3ʹ
Reverse: universal

U6 snRNA Forward: 5ʹ-CGCTTCGGCAGCACATATAC-3ʹ
Reverse: 5ʹ-TTCACGAATTTGCGTGTCAT-3’
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Results

NNT-AS1 promotes cell proliferation, survival and
mobility of osteosarcoma cells in vitro

The present study aimed to investigate the role and
mechanism of action of NNT-AS1 in OS. Preliminary
research analyzing NNT-AS1 expression level in various of
OS cell lines in vitro by RT-qPCR suggested that NNT-AS1
expression is relatively high in OS-732 cells and low in
U2OS cells (data not shown). Therefore, we chose U2OS
and OS-732 cells for gain-of-function and loss-of-function
assays, respectively. To investigate the role of NNT-AS1 in
OS, we constructed NNT-AS1 overexpressing (O/E) U2OE
cells and NNT-AS1 knockdown OS-732 cells (Figure 1(a)).
Cell functional assays suggested that, after NNT-AS1 over-
expression, cell proliferation and colony formation capacity
of U2OS cells were significantly increased in vitro, while
NNT-AS1 knockdown showed opposite effect on OS-732
cells (Figure 1(b~d)). Apoptosis assay suggested that NNT-
AS1 overexpression moderately (not statistically significant)
decreased cell apoptosis in U2OS cells, and NNT-AS1
knockdown in OS-732 significantly raised apoptosis rate
(Figure 1(e,f)). These results suggested that NNT-AS1 is
involved in cell proliferation and survival of OS cells in
vitro. Previous research also suggested that increase in
NNT-AS1 expression may promote cancer metastasis.12–14

In the present research we investigated the influence of
NNT-AS1 overexpression or knockdown on mobility of
OS cells in vitro by trans-well assay and scratch assay. We
found that NNT-AS1 overexpression significantly increased
cell migration rate and trans-well invasion capacity of U2OS
cells, while NNT-AS1 knockdown in OS-732 cells showed
opposite effects (Figure 1(g~j)). These results suggested that
NNT-AS1 is also involved in migration and invasion of OS
cells.

NNT-AS1 increased OS promoting gene expression while
inhibiting miR-320a

To test our hypothesis that NNT-AS1 promotes OS develop-
ment by inhibiting miR-320a, we analyzed the expression level
of miR-320a as well as its known target genes beta-catenin
and RUNX2 that have been determined as important OS-
promoting genes.3,19,20 Western blot results suggested that
beta-catenin and RUNX2 protein expression level in U2OS
cells were significantly increased after NNT-AS1 overexpres-
sion along with a significant decrease in miR-320a expression
level, and NNT-AS1 knockdown in OS-732 cells showed
opposite effect (Figure 2(a~d)). beta-catenin and RUNX2 as
two transcription factors promote OS development by
increasing the transcription of other cancer promoting
genes, such as MYC, cyclin D1 (CCND1) and MMP-13. Our
western blot results suggested that protein expressions of
these genes were significantly increased by NNT-AS1 over-
expression in U2OS cells and significantly decreased in OS-
732 cells by NNT-AS1 knockdown, which was in accordance
with beta-catenin and RUNX2 protein expression level
(Figure 2(e~h)).

IGF-1R is another previously reported miR-320a target
gene, and IGF-1R promotes OS development by activating
the PI3K/AKT signaling pathway. Our western blot results
showed that protein expression level of IGF-1R as well as
Ser473 phosphorylation level of Akt were significantly
increased in U2OS cells by NNT-AS1 and decreased in
OS-732 cells by NNT-AS1 knockdown in consistent with
that of beta-catenin and RUNX2 (Figure 3). Collectively,
these results suggested that NNT-AS1 liberates the expres-
sion of these OS promoting genes while inhibiting
miR-320a.

MiR-320a antagonized the OS-promoting effect of NNT-
AS1 in vitro

To further investigate the role of miR-320a in NNT-AS1
promoting OS development, we transfected miR-320a pre-
cursor into U2OS cells with NNT-AS1 overexpression and
miR-320a inhibitor into NNT-AS1 knockdown OS-732
cells. Western blot results suggested that beta-catenin,
RUNX2 and IGF-1R protein expression levels in NNT-
AS1 overexpressing U2OS cells were dramatically decreased
by miR-320a precursor transfection, while transfection of
miR-320a inhibitor significantly increased the expression
level of these proteins (Figure 4(a~d)). Cell functional
assays suggested that mir-320a precursor transfection sig-
nificantly decreased cell proliferation and increased apop-
tosis in U2OS cells with NNT-AS1 overexpression, while
transfection of mir-320a inhibitor in OS-732 cells showed
opposite effects (Figure 4(e~h)). Correspondingly, trans-
well assay showed that the invasiveness of NNT-AS1 over-
expressing U2OS cells were significantly decreased by
miR-320a precursors transfection while that of NNT-AS1
knockdown OS-732 cells significantly increased by miR-
320a inhibitor transfection (Figure 4(i~j)). Collectively,
these results suggested that NNT-AS1 facilitates OS cell
proliferation, survival and invasion in vitro by inhibiting
miR-320a, thus increasing the expression of OS-promoting
genes targeted by this OS-inhibiting miRNA.

NNT-AS1 promote OS tumor development in vivo by
inhibiting miR-320a

To verify whether NNT-AS1 inhibits miR-320a and pro-
mote OS development in vivo, xenograft model was estab-
lished by subcutaneous injection of U2OS or OS-732 cells
with different NNT-AS1 gene modifications in NU/NU
nude mice. Our results showed that tumor formation of
U2OS cells were significantly facilitated by NNT-AS1 over-
expression, while NNT-AS1 knockdown significantly
inhibited the tumor formation capacity of OS-732 cells.
(Figure 5(a~d)). RT-qPCR results suggested that miR-320a
expression was significantly inhibited in U2OS cells vivo by
NNT-AS1 overexpression, while its expression in OS-732
cells were significantly increased after NNT-AS1 knock-
down (Figure 5(e~f)). Western blot results suggested that
protein expression level of beta-catenin, RUNX2 and IGF-
1R were significantly increased in xenograft by NNT-AS1
overexpression and decreased by NNT-AS1 knockdown, in
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Figure 1. NNT-AS1 is involved in osteosarcoma cell proliferation, survival and metastasis in vitro. Cells were assayed 24 hours after transfection for NNT-AS1
overexpression (O/E) or knockdown (KD). A, evaluation of NNT-AS1 in U2OS and OS-732 OS cells with NNT-AS1 overexpression or knockdown by transfection. Data of
each group was normalized to that of wildtype (WT) U2OS cells transfected with control vector and presented as fold change. B, cell proliferation evaluated by CCK-8
method. Density of cells in each well on a 96-well plate correlated to absorbance at 450 nm (O.D 450 nm) after incubation with CCK-8 for 1 hour. C and D, colony
formation assay evaluating clonogenicity of OS cells with or without NNT-AS1 overexpression or knockdown. C is a representative result of colony formation assay. E
and F, flow cytometry evaluating Annexin V/PI surface staining of each group of cells after NNT-AS1 overexpression or knockdown. E is a representative result of flow
cytometry. G and H, trans-well assay evaluating the invasiveness of OS cells with different NNT-AS1 expression. G is a representative result of trans-well assay. I and J,
scratch assay evaluating cell mobility. I is a representative result of scratch assay. Vertical lines in each image indicate the width of the initial scratch at 0 hour. Data in
panel D, H and J were normalized to WT group in the same panel and presented as fold change. Students’ t test was used for significance test in panel A, D, F, H and
J, and two-way ANOVA was used for significance test in panel B. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001.
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Figure 2. NNT-AS1 increased protein expression level of beta-catenin, RUNX2 aswell as their down-streamgenesMYC, Cyclin D1 andMMP-13 in OS cells in vitro, while inhibiting
miR-320a. Cells were assayed 24 hours after transfection. A, B and C, western blot evaluating protein expression level of beta-catenin (CTNNB1) and RUNX2 in different group of
cells. GAPDHwas used as housekeeping genes. C is a representative result of western blot. D, RT-qPCR evaluatingmiR-320a expression level in each group of cells. E ~ H, western
blot evaluatingprotein expression level of c-Myc (MYC), cyclin D1 (CCND1) andMMP-13 (MMP13). GAPDHwas used as housekeeping genes. F is a representative result of western
blot. Data normalized to the WT group and presented as fold change. Students’ t test was used for significance test. *, p < 0.05; **, p < 0.01.
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consistent with in vitro assay results (Figure 5(g~j)). These
data suggested that NNT-AS1 promotes OS development in
vivo by inhibiting miR-320a and increasing beta-catenin
and RUNX2 protein expression.

Discussion

In the present research, we discovered for the first time that
NNT-AS1 functions as a promoting lncRNA in OS cells in vitro

and in vivo by inhibiting miR-320a and increasing the protein
expression of beta-catenin and RUNX2. Currently the study on
the expression and function of NNT-AS1 is still in its infancy.
Three previous study based on clinical data and laboratory
findings reported the upregulation of NNT-AS1 in colorectal,
cervical and liver cancer in addition to the cancer-promoting
role of NNT-AS1 in these three cancer types.12–14 A lncRNA
influences gene transcription in cells primarily by interacting
with miRNA or mRNA in a complementary base pairing
manner.25 We started our investigation by exploring potential
NNT-AS1-interacting miRNAs using DIANA-LncBase V2, an
online platform that provide lncRNA-miRNA interaction with
either experimental evidence basis or high prediction score.26,27

By sorting the experimental evidence (mostly from CLIP-seq
data)-supported miRNAs interacting with NNT-AS1 and cross-
referencing previous reports regarding these miRNAs, we found
that NNT-AS1 might interact with miR-320a, which has been
suggested as a cancer-suppressing miRNA in various cancer
types such as liver, lung, and breast cancer.15–17 The role of
miR-320a in OS cells hasn’t been explored before, but down-
regulation of beta-catenin and RUNX2 by miR-320a has already
been reported in other cell types, and these two transcription
factors play vital role in OS pathogenesis and progression.3,20,28

Targeting of RUNX2 by other miRNAs has also been demon-
strated as OS suppressive.29,30 Similarly, IGF-1R has been well
demonstrated to promote OS development by activating the
PI3K/AKT signaling pathway when activated by its ligand,
IGF-1, and the direct targeting of IGF-1R by miR-320a has
been confirmed by luciferase reporter asay.21,22,31,32

Based on these findings we hypothesized that NNT-AS1
might promote OS development by sponging and function-
ally inhibiting miR-320a, unleashing the expression of
OS-promoting genes such as beta-catenin and RUNX2.
Our western blot and RT-qPCR results showed that over-
expression of NNT-AS1 in OS cells significantly increased
beta-catenin, RUNX2 and IGF-1R protein expression level,
as well as those genes regulated by the two transcription
factors, such as c-Myc, cyclin D1 and MMP-13, and phos-
phorylation level of Akt, while miR-320a expression was
significantly inhibited in NNT-AS1 overexpressing cells;
on the other hand, NNT-AS1 knockdown in OS cells
showed opposite effect. Functionally, NNT-AS1 signifi-
cantly increased cell proliferation, survival, migration and
invasion of OS cells in vitro, which can be attenuated by
miR-320a overexpression via miR-320a precursor transfec-
tion. NNT-AS1 knockdown significantly decreased these
cell function parameters in OS cells, that can be partially
rescued by miR-320a inhibition. Similarly, in vivo assay
also suggested that NNT-AS1 is involved in OS develop-
ment, possibly by increasing the protein expression of
beta-catenin, RUNX2 and IGF-1R.

During the preparation of this manuscript, Ye et al also
reported the OS promoting role of NNT-AS1 using similar
methods as we employed in the present research; additionally,
they demonstrated a significant correlation between increase
in NNT-AS1 expression and OS development based on OS
patients’ tissue specimens and clinical data.33 Besides in MYC
and cyclin D1, Ye et al also demonstrated that knockdown of
NNT-AS1 decreased the protein expression of MMP-2/9 and

Figure 3. Western blot showed that NNT-AS1 increased protein expression level
of IGF-1R and Ser473 phosphorylation level of Akt in OS cells in vitro. Cells were
treated and analyzed as described in Figure 2. Total protein expression level of
Akt was intact under NNT-AS1 overexpression or knockdown conditions. E is a
representative result of western blot. Data in panel A ~ D were normalized to
the WT in the same panel group and presented as fold change. Students’ t test
was used for significance test. *, p < 0.05.
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Bcl-2 as well as the activation of Akt. Mutual upregulation
and activation of AKT and RUNX2 has been suggested as a
pivotal mechanism in OS progression.34 In the present study,
more than confirming the phenomena that NNT-AS1 is

required for the cell growth and metastasis of OS cells in
vitro and tumor formation in vivo, we also explored the
molecular mechanism of these OS-promoting effect of NNT-
AS1. Our data clearly suggested that NNT-AS1 can promote

Figure 4. MiR-320a antagonized the OS-promoting role of NNT-AS1 in vitro. Cells were assayed 24 hours after transfection. A ~ D, western blot evaluating protein
expression level of beta-catenin (CTNNB1), RUNX2 and IGF-1R in different group of cells. GAPDH was used as housekeeping genes. D is a representative result of
western blot. E and F, cell proliferation assay by CCK-8 (as described in Figure 1A), G and H, evaluation of cell apoptosis by flow cytometry. Cell apoptosis was
determined by Annexin V positive staining. G is a representative result of flow cytometry. I and J, tran-well assay evaluating the invasiveness of each group of cells. I
is a representative result of trans-well assay. Sidak’s multiple comparisons test was used for significance test in panel E and F, while students’ t test was used for
significance test panel A, B, C, H and J. *, p < 0.05; **, p < 0.01; ***, p < 0.001; ****, p < 0.0001.
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Figure 5. NNT-AS1 facilitated OS development in xenograft model. A and B, tumor formation assay evaluating tumor volume in tumor bearing nude mice. OS cells of
different groups were subcutaneously injected on the left back of mice. Assay began when initial tumor volume formed by WT cells reached 150 mm3. C and D,
tumor weight at the end-point of tumor formation assay. E and F, RT-qPCR evaluating NNT-AS1 and miR-320a in dissected tumor tissue. G ~ J, western blot
evaluating protein expression level of beta-catenin (CTNNB1), RUNX2 and IGF-1R in dissected tumor tissues using GAPDH as housekeeping gene. J is a representative
result of western blot. Data in panel C, E ~ I were normalized to WT group in the same graph. Sidak’s multiple comparisons test was used for significance test in
panel A and B, while students’ t test was used for significance test in panel C, E ~ I. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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OS progression by inhibiting miR-320a and increasing the
protein expression of beta-catenin, RUNX2 and IGF-1R,
MYC, cyclin D1 and MMP-13 as well as the activation of
PI3K/AKT signaling pathway.

The function of NNT-AS1 is still largely underexplored. As
a lncRNA, NNT-AS1 may interact with multiple different
miRNAs or mRNAs, influencing intracellular signal transduc-
tions and cell functions in different aspects. Besides miR-320a,
other miRNAs belonging to the miR-320 family, including
miR-320b, miR-320c and miR-320d, were also suggested to
be interacting with NNT-AS1. Currently there’s only little
reports regarding the function of miR-320 family miRNAs
in OS. A recent report by Lv et al showed that lncRNA
XIST promotes OS cell growth by inhibiting miR-320b and
thus de-repressing the expression of Ras-related protein Rap-
2b (RAP2B), suggesting the tumor-suppressing role of
miR-320b in OS.35 Besides, Wu et al also published their
research on the OS-suppressing mechanism of “miR-320”,
which we presume to be the previously used ID of
miR-320a.36 Interestingly, a microarray analysis performed
by Braun et al yielded data implying that miR-320a might
be a p53-responsive miRNA.37 Their microarray analysis for
miRNA expression profiling was performed using SJSA cells
with or without Nutlin-3a treatment, a potent inhibitor of
Mdm2-p53 interaction that liberates p53 and increases its
transcriptional activity. Braun et al’s data showed that, upon
Nutlin-3a treatment, miR-320a as well as miR-194 that was
further investigated in their research were significantly upre-
gulated, implying the OS-suppressing effect of this miRNA.
Interestingly, Davaadelger et al showed that activation of
IGF-1R/AKT axis significantly attenuated the Nutlin-
3a-induced apoptosis in OS cells.32 Except in OS, miR-320
family members were also found downregulated and func-
tioning as tumor-suppressing miRNAs in cervical, colorectal
and prostate cancer.38–40

OS has been considered as of low immunogenicity com-
paring to other solid tumors, and trials using immune
checkpoint inhibitors for OS treatment showed disappointing
results.41 As a pilot study, we have examined the expression
levels of several immune checkpoint molecules such as PD-L1,
PD-L2 and CTLA-4 as well as the expression level of class I
MHC molecules by western blot in our in vitro and in vivo
models. However, we found no significant influence of NNT-
AS1 overexpression or knockdown on the expression level of
proteins mentioned above (data not shown). It seems that
NNT-AS1 is not involved in the regulation of these immune
checkpoint proteins or class I MHC molecules expression in
osteosarcoma. Nevertheless, we propose that interaction of
NNT-AS1 with these miR-320 family miRNAs and the role
of these interactions should be further investigated in
osteosarcoma.

Collectively, our data suggested that lncRNA NNT-AS1
promotes OS cell growth and tumor development by inhibit-
ing miR-320a and hence increasing the protein expression of
other OS-promoting genes, such as beta-catenin, RUNX2
and IGF-1R, which have been shown as direct targets of
miR-320a, as well as the activation of PI3K/AKT signaling
pathway. Targeting NNT-AS1/miR-320a axis might serve as
novel therapeutic strategy for OS management.
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