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Abstract. – OBJECTIVE: The aim of the study 
was to examine the effects and potential mecha-
nisms of miR-340-5p in Osteosarcoma (OS) pro-
gression. 

PATIENTS AND METHODS: qRT-PCR was ap-
plied to detect expressions of miR-340-5p and 
NRF2 mRNA. MTT and transwell assay were car-
ried out to determine the roles of miR-340-5p in 
OS cells viability, invasion and migration. Tar-
getScan and Luciferase reporter assays were 
performed to search for the candidate target 
gene of miR-340-5p. The regulatory roles of 
miR-340-5p in OS PI3K/AKT pathway and EMT 
were examined by Western blot. 

RESULTS: MiR-340-5p expressions were de-
creased in OS tissues and cells. Moreover, the de-
creased miR-340-5p expressions in OS tissues 
were frequently accompanied by shorter overall 
survival and malignant clinicopathologic features 
of OS patients. MTT assay showed that miR-340-
5p upregulation prominently repressed OS cell 
proliferation. In addition, miR-340-5p restoration 
could significantly suppress OS cell invasion and 
migration as demonstrated by transwell assays. 
Results also revealed that miR-340-5p could di-
rectly target NRF2 and regulate PI3K/AKT pathway 
and EMT, exerting prohibitory functions in OS. 

CONCLUSIONS: MiR-340-5p repressed the 
malignant phenotypes of OS via targeting NRF2 
and regulating PI3K/AKT pathway and EMT. The 
current study provided preclinical evidence for 
the potential applications of miR-340-5p/NRF2 
axis in OS therapies.
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Introduction

Osteosarcoma (OS) is a common bone malig-
nancy, characterized by malignant cancer cells 

directly from bone tissues, and mainly harmful 
to children and adolescents1. Currently, standard 
treatment strategies for OS mainly include sur-
gery, adjuvant chemotherapy and neoadjuvant 
therapy2. However, existing methods have their 
own shortcomings. Surgery often leads to an 
amputation3. Moreover, albeit adjuvant chemo-
therapy and neoadjuvant therapy have improved 
the survival rates of OS patients, they also induce 
toxic effects that could not be efficiently prevent-
ed and 5-year survival rates in relapsed and met-
astatic patients remain disappointing4. Therefore, 
identification and verification of novel targets are 
necessary for further clinical application in OS 
treatment. 

MicroRNAs (miRNAs/miRs) are non-coding 
RNA molecules with a size of about 22-25 nucle-
otides. They can complementarily base pair with 
the 3’UTRs of their target genes, directly degrad-
ing or inhibiting the translation of the target gene 
for post-transcriptional regulations5. In the past 
decades, most investigations concentrated on the 
roles of protein-coding genes in tumorigenesis, 
and little attention has been paid to the potential 
functions of miR in cancers. In recent years, ev-
idence revealed that miR was implicated in the 
initiation and progression of different tumors, 
such as prostate cancer6, endometrial cancer7, 
breast cancer8, and so forth. MiR is confirmed 
to participate in tumor metastasis via regulating 
various target protein genes9. Moreover, stud-
ies10,11 showed that miR could either activate or 
inhibit tumor metastasis. Therefore, as promising 
metastasis biomarkers and therapeutic targets in 
tumors, miRs would provide new hope for OS 
diagnosis and treatments. 
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Multiple miRs have recently been studied in 
OS. MiR-16-1/2-3p exerted strong anti-meta-
static and cancer suppressive functions in OS12. 
MiR-664a inhibition interfered with OS cell 
migration via modulating MEG313. MiR-142-
3p served as an anti-tumor miR in OS by 
targeting HMGA114. Moreover, dysregulation 
of miR-340-5p has been identified in various 
malignancies, playing crucial functions. In non-
small cell lung cancer, miR-340-5p suppressed 
cell metastasis and growth via regulation of 
ZNF50315. In melanoma cells, the downregula-
tion of miR-340-5p could increase ABCB5 ex-
pressions under oxygen-deprived condition16. In 
thyroid carcinoma, miR-340-5p upregulation fa-
cilitated tumor progression by downregulating 
BMP417. However, the specific role and potential 
mechanism of miR-340-5p in OS have not been 
fully elucidated.

Patients and Methods

Tissue Specimens and Cell Cultures
All OS tissues and adjacent non-tumor tissues 

were acquired from patients who underwent sur-
gical resection in the Yantaishan Hospital. All pa-
tients provided the informed consent. This study 
was approved by the Ethics Committee of the 
Yantaishan Hospital. All tissue specimens were 
snap-frozen and stored at -80°C for subsequent 
studies.

A human osteoblast cell line hFOB 1.19 and 
OS cells (U2OS, Saos-2, MG-63, HOS) were cul-
tured in DMEM (Gibco, Grand Island, NY, USA) 
supplemented with 10% FBS (Gibco, Grand Is-
land, NY, USA). All cells were maintained at 
37°C in a humid chamber with 5% CO2. 

qRT-PCR
Total RNA was isolated from cells and tissues 

using TRIzol reagent (Invitrogen, Carlsbad, CA, 
USA). 1 μg total RNAs were used as the tem-
plates to perform the reverse transcription reac-
tion using the PrimeScript RT-PCR kit (TaKaRa 
Biotechnology Co., Ltd., Dalian, China) follow-
ing the manufacturer’s instructions. qRT-PCR 
was conducted using ABI 7900 system (Applied 
Biosystems, Waltham, MA, USA) with the SYBR 
Green Kit (TaKaRa Biotechnology Co., Ltd., Da-
lian, China). MiR expression was normalized to 
U6 and other gene was normalized to GAPDH. 
2-∆∆CT was used to calculate the relative quantita-
tive expression level. The primer sequences were 
shown in Table I.

Cell Transfection
MiR-340-5p mimics, inhibitor or negative con-

trols were transfected into OS cell lines using 
Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 
USA). All these transfection procedures followed 
the manufacturer’s protocol. 48 h after the trans-
fections, cells were harvested for the subsequent 
experiments.

Proliferation Assays
Cell proliferation ability was detected by MTT 

assays. OS cells with different transfections were 
seeded into 96-well plates. Then, the cells were 
incubated for 24, 48 and 72 h, and cell growth 
was measured following the addition of MTT (5 
mg/ml). Thereafter, 150 μl DMSO was used to 
solubilize the MTT-formazan crystal. OD490 was 
examined by a microplate (Bio-Rad Laboratories, 
Hercules, CA, USA).

Table I. Primer sequences for qRT-PCR.

 Primer Sequence

miR-340-5p forward 5’-GTTTGTGTGCGTTAGTGAGCG-3’
miR-340-5p reverse 5’-CTTGCCGTTAACTCCAGGGTA-3’
U6  forward 5’-CTCGCTTCGGCAGCACA-3’
U6  reverse 5’-AACGCTTCACGAATTTGCGT-3’
NRF2 forward 5’-CAGCCATGACTGATTTAAGCAG-3’
NRF2 reverse 5’-CAGCTGCTTGTTTTCGGTATTA-3’
GAPDH  forward 5’-TGCACCACCAACTGCTTAGC-3’
GAPDH  reverse 5’-GGCATGGACTGTGGTCATGAG-3’
ERK1/2 ATATCCTTGGCTACTAAC TATGGCTACAATGATTCTA

U6: small nuclear RNA, snRNA; NRF2: nuclear factor erythroid 2-related factor 2; GAPDH: glyceraldehyde-3-phosphate 
dehydrogenase.
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Transwell Assays
Transwell assays were performed to detect the 

migration and invasion of OS cells. In brief, OS 
cells were transfected with miR-340-5p mimics 
or inhibitor into 6-well plates, and then, after 48 
h the cells were harvested and re-suspended with 
FBS-free culture medium. Cells were seeded into 
the top 24-well transwell chambers (Millipore 
Corp., Billerica, MA, USA) and medium with 
10% FBS was added to the lower chambers as the 
attractant. For the invasion assay, 2 mg/ml Matri-
gel (Clontech, Mountain View, CA, USA) was 
added to the top chamber. For migration assay, 
the top chamber was not added with Matrigel. 
They were cultured under the same conditions 
(37°C, 5% CO2 for 24 h). After incubation for 
48 h (for invasion) or 24 h (for migration), cells 
that invaded or migrated to the bottom of the 
membranes were fixed and stained. Images were 
photographed under a microscope (Olympus, To-
kyo, Japan). 

Western Blot
Cells were lysed using RIPA lysis buffer (Bey-

otime Biotechnology, Shanghai, China). The pro-
tein concentration was detected with the BCA 
Protein Assay Kit (Beyotime Biotechnology, 
Shanghai, China). SDS-PAGE with 10% gel was 
used to separate the total proteins, and then, the 
proteins were transferred to PVDF membrane 
(Millipore, Billerica, MA, USA). The membrane 
was blocked with 5% non-fat milk for 1 h at room 
temperature, and followed by incubation at 4°C 
overnight with primary antibodies. Thereafter, 
the membrane was incubated with HRP-con-
jugated goat anti-rabbit (1:2000, Abcam, Cam-
bridge, MA, USA) secondary antibody for 2 h 
at room temperature. The primary antibodies 
were as follows: antibodies against E-cadherin 
(1:2000, Abcam, Cambridge, MA, USA), N-cad-
herin (1:1000, Abcam, Cambridge, MA, USA), 
Vimentin (1:1000, Abcam, Cambridge, MA, 
USA), p-AKT (1:1000, Abcam, Cambridge, MA, 
USA), p-PI3K (1:2000, Abcam, Cambridge, MA, 
USA), AKT (1:1000, Abcam, Cambridge, MA, 
USA), PI3K (1:1000, Abcam, Cambridge, MA, 
USA) and GAPDH (1:1000, Abcam, Cambridge, 
MA, USA). GAPDH was used as internal control. 
Finally, the signals were detected using an ECL 
kit (Millipore, Billerica, MA, USA).

Luciferase Reporter Assay
PMIR-NRF2-3’UTR-Wild/MUT plasmids (Ri-

BoBio, Guangzhou, China) were transfected into 

OS cells together with miR-340-5p mimics using 
Lipofectamine 2000. 48 h after transfection, the 
Luciferase activity was measured using the Du-
al-Luciferase Reporter Assay System (Promega, 
Madison, WI, USA). 

Statistical Analysis
All the above experiments were performed in 

triplicate. The SPSS 17.0 version (SPSS Inc. Chi-
cago, IL, USA) was used to perform the statistical 
analysis. The overall survival of OS patients was 
determined with Kaplan-Meier curve together 
with log-rank test. Data were tested using Stu-
dent’s t-test or one-way ANOVA analysis with 
Tukey’s post-hoc test. p<0.05 was considered to 
be statistically significant difference.

Results

MiR-340-5p Correlated with the 
Clinical Prognosis and Clinicopathological 
Features of OS Patients

To verify whether miR-340-5p played crucial 
roles in OS carcinogenesis, its expressions in OS 
tissues and cell lines were first measured by qRT-
PCR. Findings showed an evident decrease of 
miR-340-5p expressions in OS tissues compared 
to the adjacent para-carcinoma tissues (Figure 
1A). Moreover, the decreased miR-340-5p expres-
sions were also identified in OS cells (Figure 1B). 
Then, the patients were assigned into low and 
high miR-340-5p groups based on the mean level 
of miR-340-5p to investigate the clinical values 
about miR-340-5p in OS. In brief, Kaplan-Meier 
analysis was used to determine the influence of 
miR-340-5p on the prognosis of OS patients. We 
found that patients in the low-miR-340-5p group 
presented a significantly shorter survival rate 
than those in the high-miR-340-5p group (Figure 
1C). Additionally, patients in the low-miR-340-5p 
group also showed aggressive clinicopathological 
characteristics (Table II). 

MiR-340-5p Repressed OS Cell Growth
The potential biological functions of miR-340-

5p in OS progression were investigated by trans-
fecting miR-340-5p mimics or inhibitor into OS 
cells. Among the selected 4 OS cell lines, MG-63 
and Saos-2 were chosen for further investigation 
as they presented relatively low or high endogenic 
miR-340-5p expressions. MiR-340-5p expression 
was successfully upregulated or silenced by miR-
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340-5p mimics or inhibitor as demonstrated by 
qRT-PCR analysis (Figure 2A and 2B). Thereaf-
ter, MTT assays were carried out to explore the 
influence of miR-340-5p on OS cell proliferation. 
In MG-63 cells, the proliferation ability was 
prominently suppressed by miR-340-5p mimic 
(Figure 2C), while the inhibitor significantly en-
hanced Saos-2 cell proliferation (Figure 2D).

 
MiR-340-5p Inhibited OS Cell Migration 
and Invasion

The effects of miR-340-5p on OS cell invasion 
and metastasis were then determined by tran-

swell assays. As shown in Figure 3A and 3B, the 
invasion and migration capacities of MG-63 cells 
were remarkably restricted by restoration of miR-
340-5p. On the other hand, Saos-2 cell invasion 
and migration abilities were markedly facilitated 
by miR-340-5p inhibition (Figure 3C and 3D). All 
the above data indicated that miR-340-5p exerted 
prohibitory roles in OS.

MiR-340-5p Mediated PI3K/AKT Pathway 
and EMT of OS Cells

PI3K/AKT pathway plays an important part 
in tumorigenesis, and induction of EMT is 

Figure 1. MiR-340-5p expression was decreased in OS and indicated adverse clinicopathological features of OS patients. 
A, B, MiR-340-5p levels in OS tissues or cells were measured by qRT-PCR. C, Kaplan-Meier analysis of OS patients with 
different miR-340-5p expressions.

Table II. Correlation of miR-340-5p expression with the clinicopathological characteristics of the OS patients.

                                 miR-340-5p # expression
  Cases  
 Clinicopathological features (n = 47) High (n =1 8) Low (n = 29) p

Age (years)    0.542
  > 60 25  9 16 
  ≤ 60 22  9 13 
Gender    0.454
  Male 25  8 17 
  Female 22 10 12 
Tumor size (cm)    0.076
  ≥ 5.0 24  6 18 
  < 5.0 23 12 11 
Lymph node metastasis    0.002*
  Yes 17 13 4 
  No 30  5 25 
TNM stage    0.011*
  I +II 22 15  7 
  III+IV 25  3 22 
Distant metastasis    0.021*
  Yes 27  4 23 
  No 20 14  6 

OS: Osteosarcoma; TNM: tumor-node-metastasis. #The mean expression level of miR-340-5p was used as the cutoff. *Statistically 
significant.
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frequently concomitant with its activations, we 
investigated whether miR-340-5p mediated OS 
progression via regulation of PI3K/AKT and 
EMT. Western blot was performed to examine 
expressions of several key molecules relevant 
to PI3K/AKT and EMT. Results revealed that 
miR-340-5p overexpression in MG-63 cells 
led to dramatically decreased phosphorylation 
levels of PI3K and AKT expressions, where-
as there was no evident variation in PI3K 
and AKT levels (Figure 4A). On the contrary, 
p-PI3K and p-AKT were significantly upregu-
lated by miR-340-5p inhibitor in Saos-2 cells 
(Figure 4B). Furthermore, in miR-340-5p-over-
expressed MG-63 cells, there were detectable 
changes in the expressions of EMT-related 
proteins, including upregulation of E-cadherin 
and downregulation of N-cadherin and vimen-
tin (Figure 4C). In Saos-2 cells, the effect of 
miR-340-5p inhibition on EMT-related protein 
expression was contrary to miR-340-5p overex-
pression (Figure 4D).

NRF2 was a Target of miR-340-5p
TargetScan was used to predict downstream 

target genes of miR-340-5p. Potential binding 
sites of miR-340-5p on NRF2-3’UTR are shown 
in Figure 5A. Moreover, Luciferase reporter plas-
mid containing NRF2-WT/MUT was used to 
validate the correlation between miR-340-5p and 
NRF2. As shown in Figure 5B, co-transfection 
with NRF2-WT and miR-340-5p mimics in OS 
cells resulted in a significantly decreased Lucif-
erase activity. Additionally, we also found that 
miR-340-5p could regulate NRF2 expressions in 
vitro (Figure 5C and Figure 5D). The above data 
together indicated that miR-340-5p/NRF2 was 
responsible for OS development.

Upregulated NRF2 in OS Indicated Poor 
Outcomes of OS Patients

We further measured NRF2 expressions in 
OS cells and tissues. As expected, evidently 
increased NRF2 was identified in OS tissue 
samples (Figure 6A). Similarly, the upregulated 

Figure 2. MiR-340-5p overexpression inhibited OS cell viability. A, B, The transfection efficiencies of miR-340-5p mimics 
or inhibitor in OS cells were confirmed by qRT-PCR. C, D, The influence of miR-340-5p on OS cell viability was examined 
by MTT assays. 
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NRF2 was also found in OS cells (Figure 6B). 
Moreover, Kaplan-Meier analysis was performed 
to determine the clinical significance of miR-340-
5p in OS patients. We found that patients with 
high NRF2 expression had poor outcomes with a 
shorter survival rate (Figure 6C). 

Discussion

OS has been the most common bone malig-
nancy among adolescents for the past years18. In 
recent years, miRs have attracted widespread 
attention as they play a crucial role in a variety of 
cancers. In the current study, we also confirmed 

that miR-340-5p served as a tumor suppressor 
in OS. Briefly, miR-340-5p was downregulated 
in OS, and the decreased miR-340-5p in OS 
correlated with adverse clinicopathologic fea-
tures and shorter overall survival of OS patients. 
Thereafter, MTT and transwell assays were car-
ried out to investigate the influence on OS cell vi-
ability, invasion and migration abilities mediated 
by miR-340-5p. As demonstrated by the results, 
we could easily find that miR-340-5p restoration 
dramatically repressed OS cell viability, invasion 
and migration capacities. Consistent with our 
findings in the current study, Rongxin et al19 also 
revealed that miR-340-5p inhibited OS progres-
sion via regulating STAT3 and Wnt/β-catenin 

Figure 3.  MiR-340-5p upregulation repressed OS cell invasion and migration. A, B, MiR-340-5p upregulation inhibited MG-
63 cell invasion and migration (magnification: 200×). C, D, MiR-340-5p silence facilitated Saos-2 cell invasion and migration 
(magnification: 200×).
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signaling. These findings indicated that miR-340-
5p functioned as a tumor suppressor in OS.

EMT has been regarded as a crucial step 
during the transformations of early-phase cancers 

into malignant metastatic tumors, being closely 
related to tumor metastasis20. The characteristic 
downregulations of E-cadherin are considered to 
be important manifestations of EMT21. In addi-

Figure 4. MiR-340-5p modulated OS cell PI3K/
AKT and EMT progress. A, B, The effect of 
miR-340-5p on PI3K/AKT pathway of OS cells 
was analyzed using Western blot. C, D, MiR-
340-5p influenced OS cell EMT as demonstrated 
by western blot. 

Figure 5. MiR-340-5p regulated NRF2 expression in OS cells. A, Potential binding sequences of miR-340-5p in NRF2-
3’UTRs. B, Luciferase activity of OS cells co-transfected with NRF2-WT/MUT and miR-340-5p mimics. C, D, Regulatory 
functions of miR-340-5p in NRF2 expressions. 
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tion, as a mesenchymal marker, N-cadherin also 
plays a crucial role in the induction of EMT22. In 
light of the above data and theories, we detected 
expressions of the tightly relevant proteins using 
Western blot and findings were in line with the 
above evidence. Furthermore, abnormal activa-
tions of PI3K/Akt are confirmed to be implicated 
in mediating cell apoptosis and proliferation, 
especially in tumor progression23. Thus, targeting 
the PI3K/Akt pathway has recently been explored 
as a therapeutic strategy in tumor treatment. 
Rafael et al revealed that EMT was frequently 
accompanied by PI3K/Akt activation24,25. Anoth-
er study demonstrated that Akt could induce 
EMT. Consistent with these results, our findings 
showed that key factors of this signaling, p-PI3K 
and p-Akt were downregulated by miR-340-5p. 
Collectively, the above data indicated that miR-
340-5p exerted inhibitory activities against OS 
cell proliferation, invasion, metastasis via regu-
lating EMT and deactivating PI3K/Akt pathway.

NRF2 (nuclear factor erythroid 2-related fac-
tor 2) is one of the basic redox-sensitive leucine 
zipper transcription factors, playing critical roles 
in protecting cells from oxidative or electrophil-
ic stress by maintaining redox homeostasis26. 
NRF2 was also identified as an oncogenic tran-
scriptional factor, which played important roles 
against intracellular or environmental stresses 
and regulated the antioxidant response element 
(ARE)-dependent transcription of antioxidant 
genes in tumor cells, such as NAD(P)H: quinone 
oxidoreductase 1 (NQO1) and heme oxygenase-1 
(HO-1)27. Accordingly, tumor cells frequently ex-
hibited overexpressed NRF2, which was related 
to poor survival outcomes and increased resis-

tance to anti-cancer treatments in patients with 
tumors28,29. Thus, the identification of novel ad-
juvants to suppress NRF2 might be a promising 
therapeutic strategy to improve poor outcomes of 
OS patients.

Conclusions

The main novelty of this research was that we 
first explored the effect and mechanism of miR-
340-5p/NRF2 on OS. MiR-340-5p repressed the 
malignant phenotypes of OS via targeting NRF2 
and regulating PI3K/AKT pathway and EMT. 
Current study provided preclinical evidence for 
the potential applications of miR-340-5p/NRF2 
axis in OS therapies. However, our study mainly 
focused on the in vitro assays, more investiga-
tions on the in vivo assays of miR-340-5p/NRF2 
are necessary in the future.
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