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Background: Increasing evidence has demonstrated the importance of non-coding RNAs
including long non-coding RNA (IncRNA) and microRNAs (miRNAs) in the tumorigenesis
of osteosarcoma (OS). Abnormal expression of IncRNA olfactory receptor family 3 sub-
family A member 4 (OR3A4) was found in multiple human cancers; however, the function of
OR3A4 in OS remains largely unknown.

Materials and Methods: The expression level of OR3A4 in OS tissues and cell lines was
detected by RT-qPCR. Cell counting kit-8 assay, colony formation and flow cytometry
analysis were performed to determine the growth of OS cells. The targets of OR3A4 were
predicted using the miRDB database. The binding between OR3A4 and miRNAs was
confirmed by dual-luciferase reporter assay.

Results: OR3A4 was overexpressed in OS tissues and correlated with the advanced pro-
gression of OS patients. Down-regulation of OR3A4 significantly inhibited the proliferation
and colony formation of OS cells. Mechanistically, OR3A4 acted as a sponge of miR-1207-
5p. Glucose-6-phosphate dehydrogenase (G6PD) was identified as a target of miR-1207-5p.
Knockdown of OR3A4 increased the expression of miR-1207-5p and consequently, sup-
pressed the level of G6PD in OS cells. Due to the essential role of G6PD in the pentose
phosphate pathway (PPP), depletion of OR3A4 inhibited NADPH production, glucose
consumption and lactate generation. Decreased level of NADPH by depletion of OR3A4 up-
regulated the redox state (ROS) content and resulted in endoplasmic reticulum (ER) stress in
OS cells. Restoration of G6PD significantly attenuated the cell growth inhibition induced by
OR3A4 knockdown.

Conclusion: Our finding suggested the critical role of OR3A4 in the proliferation of OS
cells via targeting the miR-1207-5p/G6PD axis.
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Introduction

Osteosarcoma (OS) is one of the most common cancers and the leading cause of
cancer-related death around the world, which is usually diagnosed at an advantaged
metastatic stage.'” Currently, the first-line therapy of patient with OS includes
surgery resection, cisplatin-based chemotherapy and radiotherapy.” Due to the
progression in the clinical practice, the 5-year survival rate of OS patients has
been improved in recent decades, however, most patients eventually advance to
recurrent, progressive stage due to the resistance. Therefore, exploring the mechan-
isms that are responsible for the development of OS is quite necessary.
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An increasing body of evidence has demonstrated that
long non-coding RNAs (IncRNAs, >200 nucleotides) play
pivotal roles in the development of numerous malignant

tumors .4’5

Whole-genome sequence analysis uncovered
that thousands of IncRNAs were aberrantly expressed in
cancers and regulated the proliferation, differentiation and
migration of cancer cells.®® For another big group of non-
coding RNAs, microRNAs (miRNAs) are defined as
a class of small, single-stranded RNAs without the capa-
city of producing protein.””'' MiRNAs act as negative
regulators of gene expression via binding to the 3'-
untranslated region (UTR) of target mRNAs, which leads
to mRNA degradation or translation inhibition.'"'* The
involvement of miRNAs in the progression of OS has been
demonstrated by increasing studies.'*™'” Notably, recent
findings showed that IncRNAs regulated gene expression
by sponging miRNAs, which was also known as compet-
ing endogenous RNAs (ceRNAs).'® 2! Based on this
hypothesis, IncRNAs bound miRNAs and modulated the
expression of miRNA-targeted genes. For example,
IncRNA Taurine upregulated gene 1 promoted the metas-
tasis of OS cells by regulating HIF-1a via sponging miR-
143-5p.** LncRNA ROR enhanced the progression of OS
by targeting miR-206.> The oncogenic function of
IncRNA OR3A4 in the development of cancers has been
reported recently.?*>° OR3A4 promoted the metastasis of
gastric cancer and ovarian cancer.’®* Similarly, OR3A4
enhanced the proliferation and migration of breast cancer
cells.?” These findings indicated the vital roles of OR3A4
in promoting the malignant behaviors of cancer cells.
However, the mechanism of OR3A4 in OS has not been
characterized.

Reprogramming of glucose metabolism is one of the
key characteristic features of cancer to support the rapid
proliferation of cancer cells. Glucose-6-phosphate dehy-
drogenase (G6PD) is the rate-limiting enzyme that con-
verts glucose metabolism from glycolysis into the pentose
phosphate pathway (PPP), which is vital for the production
of reduced nicotinamide adenine dinucleotide phosphate
(NADPH).*® NADPH is required for the biosynthesis of
lipids. Increasing evidence suggested that GOPD was up-
regulated in a variety of cancers.>'* Overexpression of
GO6PD was associated with the poor prognosis of cancer
patients, suggesting G6PD as a promising target to inter-
rupt the progression of cancers.

In this study, we found that OR3A4 was overexpressed
in OS tissues and correlated with the advanced progression
of OS patients. Down-regulation of OR3A4 inhibited the

growth of OS cells. Mechanism study revealed that deple-
tion of OR3A4 decreased G6PD via sponging miR-1207-
5p, leading to the decreased NADPH production. Our
results demonstrated the novel functional mechanism of
the OR3A4/miR-1207-5p/G6PD axis in OS.

Materials and Methods

Tissue Samples

Fifty paired OS tissues and adjacent normal tissues were
obtained from OS patients undergone resection surgery at
the Frist People’s Hospital of Shangqiu from May 2011 to
September 2012. Participants were not treated with che-
motherapy, radiotherapy, or radiotherapy before collecting
the tissues. Tissues were immediately frozen in liquid
nitrogen. Written informed consents were received from
all the patients. The experiments were approved by the
Ethics Committee of the Frist People’s Hospital of
Shangqiu.

Cell Culture

Human OS cell lines MG-63, SaoS-2, SJISA-1 and G-292
were obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA). Cells were cultured in
RPMI-1640 medium (Invitrogen, Carlsbad, CA, USA)
with 10% fetal bovine serum (FBS, Sigma-Aldrich, St
Louis, MO, USA) with 1% penicillin and streptomycin
(Hyclone, South Logan, UT, USA). Human osteoblast
HOb cells (Sigma Aldrich, St. Louis, MO, USA) were
cultured with DMEM/F-12 medium (Invitrogen, Carlsbad,
CA, USA). Cells were maintained at 37°C in a humidified
5% CO, atmosphere. The shRNA-control or shRNA-
OR3A4 was transiently transfected into MG-63 or SaoS-2
cells with the same final concentration using Lipofectamine
2000 regent (Invitrogen, Carlsbad, CA, USA). The transfec-
tion of miR-1207-5p mimic or control miRNA, as well as
HA-vector or HA-G6PD was also performed with the same
method.

Reverse Transcription-Quantitative
Polymerase Chain Reaction (RT-qPCR)

Total RNA was extracted with TRIzol reagent (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions. The concentration of RNA was determined
using the NanoDrop 2000 (Thermo Fisher Scientific In.,
USA). Reverse transcription reaction was performed using
the One-Step Prime Script miRNA c¢DNA synthesis kit
(Takara, Dalian, China) according to the protocol. The

submit your manuscript

3118

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Wang et al

quantitative PCR of OR3A4 was performed with SYBR
Green Master Mix (Invitrogen, Carlsbad, CA, USA) using
the Applied Biosystems 7500 Real-time RT-PCR system
(Applied Biosystems, Foster City, CA, USA). The primers
were synthesized by GenePharma (Shanghai, China) and
the sequences were as follows: OR3A4 forward, 5-CCTA
TCCCTTTCTCTAAGA-3' and reverse, 5'-ACTTCTGCA
AAAACGTGCTG-3'; GAPDH forward, 5'-CCACATCGC
TCAGACACCAT-3' and reverse, 5'-ACCAGGCGCCCA
ATACG-3"; miR-1207-5p forward, 5'-GTTAGGGCAGGT
GGGATG-3' and reverse, 5'- TGTATGCGGCTGGTAAG
TAG-3'; U6 RNA forward, 5-TTATGGGTCCTAGCC
TGAC-3' and reverse, 5'-CACTATTGCGGGTCTGC-3";
G6PD forward, 5-AACATCGCCTGCGTTATCCTC-3’
and reverse, 5-ACGTCCCGGATGATCCCAA-3'. Data
was analyzed by comparative cycle threshold (CT)
method. The experiment was performed in triplicates.
The original RT-qPCR data from cell lines were provided
in Supplementary Table 1.

Cell Proliferation Assay

The proliferation of OS cells expressing ShRNA-OR3A4 or
shRNA-control was determined with the Cell Counting Kit-
8 (CCK-8) assay according to the manufacturer’s instruc-
tions. Briefly, cells were seeded in the 96-well plate in
triplicates with the density of 2000 cells per well., CCK-8
solution was added into each well at 1-, 2-, 3-, 4- and 5 days
after transfection and incubated for 4 h at 37°C. The absor-
bance was measured at 450 nm wavelength using the
microplate reader (Bio-Rad, Hercules, CA, USA).

Cell Apoptosis Analysis

Cells transfected with shRNA-OR3A4 or shRNA-control
were cultured in 60-mm dishes. After cultured for 48 h,
cells were harvested and washed twice with PBS. The cell
apoptosis was determined by utilizing the Annexin V-FITC
and propidium iodide (PI) double staining (Invitrogen,
Carlsbad, CA, USA). Cells were resuspended with the
binding buffer, and then stained with Annexin V-FITC
and PI for 15 min in the dark at room temperature (RT).
The cell apoptosis rate was measured by the flow cytometry
(BD Biosciences) with the FL-1 (FITC) and FL-2 (PI)
channels.

Western Blot

Cells were lysed with RIPA buffer (Beyotime, Shanghai,
China) and the protein concentration was determined with
the BCA Protein Assay Kit (Pierce, USA) according to the

manufacturer’s instructions. Equal amount of protein (20 pg)
protein was separated by SDS-PAGE and transferred onto
PVDF membranes (Millipore, USA). After blocking with
5% non-fat milk, the membrane was probed with primary
antibodies overnight at 4°C. The membrane was then incu-
bated with the HRP-conjugated secondary antibody for 1 h at
RT. The expression of GAPDH was detected as the loading
control. The protein bands were visualized using the ECL
detection kit (Pierce, USA). Data were analyzed using the
ImageQuant LAS 4000min Image system (GE, Fairfield,
USA). Antibodies including G6PD (#8866, Cell Signaling
Technology, Danvers, MA, USA), PERK (#5683; Cell
Signaling Technology, Danvers, MA, USA), phosphor-
IRE1 (Ser724) (#ab48187; Abcam, Cambridge, UK), cas-
pase-3 (#abl184787, Abcam, Cambridge, UK), PARP
(#9542; Cell Signaling Technology, Danvers, MA, USA)
and GAPDH (#5174, Cell Signaling Technology, Danvers,
MA, USA) were commercially obtained.

Bioinformatics Analysis

The potential binding between OR3A4 and miR-1207-5p,
miR-1207-5p and the 3’-UTR of G6PD were predicted
with the miRDB database (http://mirdb.org/custom.html).

Luciferase Reporter Assay

The wild-type or mutated OR3A4 sequences containing the
putative binding sites of miR-1207-5p were amplified and
constructed into the luciferase reporter vector psi-CHECK-2
(Promega, Madison, WI, USA). Cells were co-transfected
with luciferase vectors and miR-1207-5p mimics or miR-
Control. After transfection for 48 h, cells were collected and
the luciferase activity was determined with the Dual-
Luciferase Reporter Assay Kit (Promega, Madison, WI,
USA) according to the manufacturer’s instructions. Renilla
luciferase activity was detected for the normalization.

Glucose Consumption Assay

The glucose consumption of OS cells was measured using
the Glucose Uptake Assay Kit (Colorimetric, Ab136955,
Abcam, Cambridge, UK) according to the manufacturer’s
instruction. OS cells expressing shRNA-control or shRNA-
OR3A4 were cultured overnight in medium without serum.
After that, cells were washed twice with pre-cold PBS and
incubated with KRPH/2% BSA for 30 mins followed by
incubating with 2-deoxyglucose (2-DG) for 20 mins. Thirty
microlitres of standard solution of 2-DG6P, supernatant of
shRNA-control and shRNA-OR3A4 was set up in tripli-
cates, respectively. The mix A buffer containing 8§ pL of
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assay buffer and 2 pL of enzyme mix was added into each
reaction and incubated for 1 h. And then, 90 uL of extraction
buffer was added and heated at 90°C for 40 mins. Thirty-
eight microlitres of mix B buffer was added. The absorbance
of each well was measured at the wavelength of 412 nm with
the microplate reader at 37°C in the dark. Normalization was
performed by measuring the protein concentration using the
BCA kit (Beyotime, Shanghai, China).

Determination of Lactate Production

The lactate production of OS cells expressing control-shRNA
or shRNA-OR3A4 was detected using the Lactate Assay Kit
(#MAKO064, Sigma-Aldrich, USA). After transfection for
48 h, cells were harvested and homogenized with 100 pL
of lactate assay buffer. After centrifuged at 12,000 g for
5 mins, the supernatant was deproteinized using the spin
filter (10 kDa MWCO). Fifty microlitres of supernatant was
added into the 96-well plate. To measure the content of
lactate, the standard curve was made by adding 0, 2, 4, 6, 8
and 10 pL of the standard solution into the 96-well plate.
Fifty microlitres of lactate assay buffer and master reaction
mix was added and incubated for 30 mins at RT. The absor-
bance of each well at 570 nm was measured with the micro-
plate reader. Normalization was performed by measuring the
protein concentration with the BCA kit (Beyotime, Shanghai,
China) according to the manufacturer’s instructions.

Detection of Intracellular ROS

OS cells were transfected with shRNA-OR3A4 or co-
transfected with G6PD for 36 h. The intracellular ROS
level was measured using the Cellular Reactive Oxygen
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Species Detection Assay Kit (Abcam, USA) according to
the manufacturer’s instructions.

Statistical Analysis

Data were presented as mean + standard deviation (SD).
Data analysis was performed using SPSS 19.0. Student’s
t test and one-way analysis of variance (ANOVA) were
applied to determine the significance between groups.

P<0.05 was considered as statistically significant.

Results
OR3A4 Was Up-Regulated in OS Tissues
and Cell Lines

To evaluate the potential involvement of OR3A4 in OS, the
expression pattern of OR3A4 in paired OS and adjacent
normal tissues was detected by RT-qPCR. The result
showed that OR3A4 was significantly up-regulated in OS
tissues compared with that of the adjacent normal tissues
(Figure 1A). Additionally, the levels of OR3A4 in cancer
cell lines including MG-63, SaoS-2, SJSA-1 and G-292
were also evaluated by RT-qPCR. As indicated in
Figure 1B, increased abundance of OR3A4 was observed
in OS cell lines compared with that of the normal Hob cells.
These results suggested the overexpression of OR3A4 in
OS. To further characterize the potential clinical signifi-
cance of OR3A4 in OS, the relationship between the
expression of OR3A4 with the clinical features of OS
patients was analyzed. The results showed that a higher
level of OR3A4 was significantly correlated with the
tumor size, lymph node metastasis and higher TNM stage
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Figure | OR3A4 was overexpressed in OS. (A) The level of OR3A4 in paired OS tissues and adjacent normal tissues was detected by RT-qPCR. The experiment was
performed with three replicates. (B) Expression of OR3A4 in OS cell lines MG-63, SaoS-2, SJSA-1, G-292 and normal Hob cells. Data were obtained from three independent

experiments (N=3). ***P<0.001.
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Table | Correlation Between OR3A4 Expression and Clinical
Features of OS Patients

Clinical Features Total | OR3A4 Expression p value
Low (n= High
18) (n=32)
Gender 0.445
Male 30 10 20
Female 20 8 12
Tumor size (cm) 0.022
24 14 3 ]
<4 36 15 21
TNM stage 0.015
-l 25 12 13
-1v 25 6 19
Lymph node 0.005
metastasis
Positive 34 10 24
Negative 16 8 8

of patients with OS (Table 1). These findings indicated the
potential critical role of OR3A4 in the development of OS.

Down-Regulation of OR3A4 Inhibited the

Proliferation and Induced Apoptosis of OS
As OR3A4 was up-regulated in OS, to investigate the
function of OR3A4 in OS, OR3A4 was down-regulated
in OS cells by transfecting shRNA-OR3A4 into both MG-
63 and SaoS-2 cells. The knockdown efficiency of OR3A4
was confirmed by RT-qPCR (Figure 2A). The effect of
down-regulated OR3A4 on the proliferation of OS cells
was determined by CCK-8 assay. Depleted OR3A4 mark-
edly inhibited the proliferation of both MG-63 and SaoS-2
cells (Figure 2B and C). The inhibitory effect of OR3A4
depletion on the growth of OS cells was further evaluated
by colony formation assay. As indicated in Figure 2D,
the colony-forming capacity of OS cells was significantly
reduced with the down-regulation of OR3A4. Meanwhile,
the apoptosis percentage of OS cells harboring shRNA-
OR3A4 or shRNA-control was also determined by the
flow cytometry. The data showed that depletion of
OR3A4 obviously enhanced the apoptosis of both
MG-63 and SaoS-2 cells (Figure 2E). Consistent with the
increased apoptosis, down-regulation of OR3A4 also pro-
moted the cleavage of caspase-3 and PARP, which are the
markers of cell apoptosis (Figure 2F). Collectively, these
findings suggested that down-regulation of OR3A4 sup-
pressed the growth of OS cells.

OR3A4 Sponged miR-1207-5p in OS Cells

Increasing evidence has demonstrated that IncRNAs acted
as competing endogenous RNAs to sponge the function of
miRNAs, thereby relieving the repression of target
mRNAs. To further characterize the molecular mechanism
of OR3A4 in regulating the malignant behaviors of OS,
the potential binding between OR3A4 and miRNAs was
predicted with the bioinformatics analysis. The putative
binding site of OR3A4 within the sequence of miR-1207-
5p was found (Figure 3A). To investigate the function of
miR-1207-5p, miR-1207-5p was overexpressed by trans-
fecting miR-1207-5p mimics into OS cells (Figure 3B). To
confirm the prediction, luciferase reporter assay was per-
formed by co-transfecting wild-type (WT) or mutant (Mut)
OR3A4 and miR-1207-5p mimics into OS cells. The
results showed that overexpression of miR-1207-5p sig-
nificantly inhibited the luciferase activity of WT but
not the Mut OR3A4 (Figure 3C and D). To evaluate
whether the interaction between OR3A4 and miR-1207-
5p affected the stability of miR-1207-5p, the expression of
miR-1207-5p in OS cells with depleted OR3A4 was
detected by RT-gPCR. As indicated in Figure 3E, down-
regulation of OR3A4 markedly increased the expression of
miR-1207-5p in both MG-63 and SaoS-2 cells.

As OR3A4 was up-regulated in OS and OR3A4 nega-
tively modulated the expression of miR-1207-5p, the
expression pattern of miR-1207-5p in paired OS tissues
and adjacent normal tissues was detected by RT-qPCR
analysis. Results showed that miR-1207-5p was signifi-
cantly decreased in OS tissues compared with that of the
non-cancer tissues (Figure 3F). Consistently, the level of
miR-1207-5p was also reduced in OS cell lines in compar-
ison with that of the normal control Hob cells (Figure 3G).
The correlation between the expression of miR-1207-5p and
OR3A4 in OS tissues was analyzed with the Spearman test.
As presented in Figure 3H, the expression of OR3A4 and
miR-1207-5p was significantly negatively correlated in OS
tissues. These data confirmed the negative role of OR3A4
in regulating the expression of miR-1207-5p in OS.

G6PD Was a Target of miR-1207-5p in OS

The function of miRNAs in cells mainly relies on mod-
ulating the expression of downstream targets. To further
understand the role of miR-1207-5p in OS, the miR-
1207-5p-targeted mRNAs

miRDB database. Notably,
dehydrogenase (G6PD) was predicted as a target of

were predicted with the
the glucose-6-phosphate
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Figure 2 Down-regulation of OR3A4 inhibited the malignant behavior of OS cells. (A) OS cells were transfected with control-shRNA or shRNA-OR3A4. The down-
regulation of OR3A4 was determined by RT-qPCR. Data were obtained from three independent experiments (N=3). (B, C) Depletion of OR3A4 decreased the proliferation
of OS cells. Data were obtained from three independent experiments (N=3). (D) The colony formation of both MG-63 and SaoS-2 cells was significantly inhibited with the
knockdown of OR3A4. Data were obtained from three independent experiments (N=3). (E) FACS analysis was performed to evaluate the apoptosis of MG-63 and SaoS-2
cells following shRNA-OR3A4 or shRNA-Control transfection. Data were obtained from three independent experiments (N=3). (F) The cleavage of caspase-3 and PARP
with the depletion of OR3A4 was detected with the indicated antibodies in OS cells. *P<0.001.
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Figure 3 OR3A4 sponged miR-1207-5p in OS cells. (A) The predicted binding site of OR3A4 at the sequence of miR-1207-5p. (B) MiR-1207-5p mimics or miR-control
were introduced into OS cells. Following transfection, RT-qPCR was performed to evaluate the expression of miR-1207-5p. Data were obtained from three independent
experiments (N=3). (C, D) Luciferase reporter assay was performed in both MG-63 and SaoS-2 cells that were co-transfected with miR-1207-5p mimics or miR-control and
luciferase reporter plasmid carrying WT or mut OR3A4 binding sites. Data were obtained from three independent experiments (N=3). (E) Detection of miR-1207-5p in OS
cells with depleted OR3A4 by RT-qPCR. Data was obtained from three independent experiments (N=3). (F) The expression of miR-1207-5p in paired OS tissues and
adjacent normal tissues. The experiment was performed with three replicates. (G) MiR-1307-5p was down-regulated in OS cell lines compared with that of the normal cell
HOb. The experiment was performed with three replicates. (H) Spearman correlation analysis was used to determine the association between the expressions of miR-1207-

5p and OR3A4 in OS tissues. ***P<0.001.

miR-1207-5p. The possible complementary binding sites
of miR-1207-5p at the 3’-UTR of G6PD are shown in
Figure 4A. Luciferase reporter assay showed that over-
expression of miR-1207-5p significantly inhibited the
luciferase activity of OS cells expressing WT 3’-UTR of
G6PD. However, no obvious inhibitory effect was found
for the cells transfected with miR-1207-5p and mutated
3'-UTR of G6PD (Figure 4B and C). To validate whether
the binding of miR-1207-5p with the 3'-UTR of G6PD

affected the expression of G6PD, RT-qPCR analysis was
performed to evaluate the mRNA level of G6PD in OS
cells harboring miR-1207-5p mimics or miR-Control.
The data uncovered that overexpressed miR-1207-5p
the mRNA of G6PD
(Figure 4D). Consistent with these findings, highly

markedly suppressed level
expressed miR-1207-5p decreased the protein level of
G6PD in MG-63 and SaoS-2 cells (Figure 4E). These

results indicated G6PD as a target of miR-1207-5p in OS.
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Figure 4 G6PD was a target of miR-1207-5p in OS cells. (A) Alignment of the miR-1207-5p seed sequence within the 3'-UTR of G6PD. (B, C) The luciferase activity was
significantly decreased after transfection with wild-type 3’-UTR of G6Pd and miR-1207-5p. Data were obtained from three independent experiments (N=3). (D, E)
Overexpression of miR-1207-5p decreased both the mRNA and protein levels of G6PD in MG-63 and SaoS-2 cells. Data were obtained from three independent experiments
(N=3). (F, G) The level of G6PD was increased in OS cells following the depletion of OR3A4. Data was obtained from three independent experiments (N=3). ***P<0.001.

As OR3A4 was a molecular sponge of miR-1207-5p, the
effect of OR3A4 on the expression of G6PD was investigated.
Both MG-63 and SaoS-2 cells were transfected with sShRNA-
OR3 A4 or shRNA-control. The level of G6PD was detected by
RT-qPCR and Western blot, respectively. The data showed that
the down-regulation of OR3A4 markedly suppressed both the
mRNA and protein levels of G6PD in OS cells (Figure 4F and
G). These findings suggested that OR3A4 sponged miR-1207-
5p and consequently regulated the level of G6PD in OS.

Down-Regulation of OR3A4 Inhibited the
NADPH Production of OS Cells

G6PD catalyzes the rate-limiting step of PPP, which generates
NADPH and ribose 5-phosphate for nucleotide biosynthesis
and glycolysis. Since OR3A4 modulated the expression of
G6PD, the effect of OR3A4 on the production of NADPH
was explored. As indicated in Figure 5A, the down-regulation
of OR3A4 significantly reduced the level of NADPH in both
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MG-63 and SaoS-2 cells. Consistently, depletion of OR3A4
inhibited the glucose consumption and lactate production of
OS cells (Figure 5B and C). These results suggested that
knockdown of OR3A4 suppressed the glycolysis of OS cells.
To further confirm whether G6PD mediated the function of
OR3A4 in OS cells, both MG-63 and SaoS-2 cells were

transfected with HA-tagged GO6PD. The transfection of
GO6PD was validated by Western blot (Figure 5D). It is well
documented that NADPH maintains the pool of reduced glu-
tathione to balance the redox state (ROS).>* Since the produc-
tion of NADPH was reduced with OR3A4 depletion, the level
of ROS was measured with the down-regulation of OR3A4.
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Figure 5 Down-regulation of OR3A4 inhibited the NADPH production and glycolysis of OS cells. (A) The level of NADPH was measured in OS cells with the depletion of
OR3A4. Data were obtained from three independent experiments (N=3). (B, C) Knockdown of OR3A4 suppressed the glucose uptake and lactate production. Data were
obtained from three independent experiments (N=3). (D) OS cells were transfected with pcDNA-HA vector or pcDNA-HA-G6PD. The level of HA-G6PD was detected by
Western blot with the anti-HA antibody. (E) The level of ROS in OS cells with the depletion of OR3A4 was detected. Data were obtained from three independent
experiments (N=3). (F) The levels of PERK and the phosphorylation of IREIl in OS cells with the down-regulation of OR3A4 or overexpression of G6PD were detected by
the indicated antibodies. (G, H) Up-regulation of G6PD abrogated OR3A4 down-regulation-induced growth inhibition of MG-63 and SaoS-2 cells. Data were obtained from
three independent experiments (N=3). **P<0.001.
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Consistent with the reduced level of NADPH with shRNA-
OR3AA4, the intracellular production of ROS was significantly
increased in OS cells (Figure 5E). Moreover, restoration of
GO6PD attenuated the up-regulated ROS level in OS cells
(Figure 5E). Because the level of ROS was tightly associated
with the endoplasmic reticulum (ER) stress, to investigate
whether the increased level of ROS would induce ER stress
of OS cells, the expression of PERK and phosphorylated IRE1,
both ER stress markers, was detected. The results showed that
the down-regulation of OR3A4 increased the abundance of
these two markers, suggesting ER stress with depletion of
OR3A4 (Figure 5F). Moreover, overexpression of G6PD atte-
nuated the up-regulation of PERK and the activation of IRE1
(Figure 5F). Taken together, our results provided the possibility
that the depletion of OR3A4 reduced the level of NADPH,
which led to the accumulation of ROS and exacerbated ER
stress-driven cell apoptosis. The proliferation of OS cells co-
transfected with shERNA-OR3A4 and HA-G6PD was detected
by CCK-8 assay. The data showed that overexpression of
G6PD significantly reversed the growth defects of OS cells
induced by OR3A4 depletion (Figure 5G and H). Collectively,
these findings suggested that OR3 A4 regulated the miR-1207-
Sp/G6PD axis and modulated the malignant behaviors of OS
cells.

Discussion

Non-coding RNAs, including miRNAs, IncRNAs and circu-
lar RNAs, play important roles in the development of human
cancers via regulating gene expression.®’ Elucidating the
underlying mechanism of IncRNAs in cancers might provide
diagnostic and therapeutic strategies for the treatment of OS.”
In this study, we found that IncRNA OR3A4 was up-
regulated in OS tissues and significantly correlated with the
advanced progression of OS patients, which indicated the
potential function of OR3A4 in OS.

LncRNA OR3A4 is generally considered as an oncogene
and highly expressed in several types of cancers including
ovarian cancer, hepatocellular carcinoma, breast cancer and
gastric cancer.”®?"** Overexpressed OR3A4 promoted the
metastasis, angiogenesis, and drug resistance of cancer cells.
Consistently, in the current study, OR3A4 was found over-
expressed in OS tissues and cell lines. Knockdown of OR3A4
significantly inhibited the proliferation, colony formation and
promoted the apoptosis of OS cells, suggesting the critical
involvement of OR3 A4 in modulating the malignant behaviors
of OS cells. The ceRNA theory indicated that IncRNAs acted
as a sponge of miRNAs to manipulate the expression of coding
genes.*>*® Therefore, to further understand the mechanism of

OR3A4 in OS, the binding miRNAs of OR3A4 were pre-
dicted. Interestingly, OR3A4 was found to bind miR-1207-5p
and depletion of OR3A4 increased the expression of miR-
1207-5p in OS cells. Notably, miR-1207-5p was down-
regulated in OS tissues and negatively correlated with the
level of OR3A4. These results were consistent with previous
studies that miR-1207-5p was decreased and acted as a tumor
suppressor in cancers, such as hepatocellular carcinoma, lung
cancer and triple-negative breast cancer.’’>° Our findings
demonstrated that OR3A4 regulated the OS progression via
sponging miR-1207-5p.

A growing body of evidence has documented that dysre-
gulation of miRNAs is closely associated with tumorigenesis
via modulating the expression of target mRNAs. As OR3A4
decreased the level of miR-1207-5p in OS cells, the targets of
miR-1207-5p were predicted to further characterize the
mechanism of OR3A4 in OS. G6PD, the rate-limiting enzyme
in PPP, was identified as the target of miR-1207-5p.
Interestingly, previous studies showed that G6PD was over-
expressed in a variety of cancers and predicted poor prognosis
of cancer patients.***> G6PD is essential for the NADPH
production and glycolysis of cancer cells. In this study, miR-
1207-5p bound to the 3-UTR of G6PD and inhibited the
expression of G6PD in OS cells. Consistent with the increased
level of miR-1207-5p, the down-regulation of OR3A4 signifi-
cantly reduced the level of G6PD in OS cells. Meanwhile,
overexpression of G6PD reversed the decreased cell prolifera-
tion induced by OR3A4 depletion. Our results demonstrated
that G6PD was targeted by miR-1207-5p and involved in the
function of OR3A4 in the progression of OS.

In conclusion, our results illustrated that OR3A4 was over-
expressed in OS tissues and regulated the growth of OS cells.
Mechanistically, OR3A4 functioned as a molecular sponge to
down-regulate miR-1207-5p, thereby resulting in the enhanced
expression of G6PD. The findings suggested the potential
suppressive role of OR3A4 in regulating the proliferation of
OS cells via the OR3A4/miR-1207-5p/G6PD
Additionally, there are several questions remain to be answered
regarding the function of OR3A4 in OS. Other the roles and
mechanisms of OR3A4 in crucial signaling pathways during

axis.

the progression of osteosarcoma need to be explored to enrich
the functional mechanism of OR3A4 in OS. Our findings in
this study provided preliminary insight into the suppressive
role of OR3A4 in the proliferation of OS cells. More experi-
ments, especially in vivo assays, are needed to investigate the
function of OR3A4 in the pathogenesis of OS, which would
increase the possibility that targeting OR3A4 as a potential
strategy for the treatment of OS.
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