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Abstract. – OBJECTIVE: Growing evidence 
has suggested that dysregulation of miR-372-3p 
may contribute to tumor development and pro-
gression in various tumors. However, the func-
tion of miR-372-3p in osteosarcoma has not been 
investigated. In the present study, we aimed to 
study the effects of miR-372-3p on osteosarco-
ma cell proliferation and metastasis and its reg-
ulation on FXYD6.

MATERIALS AND METHODS: The expres-
sion levels of miR-372-3p and FXYD6 mRNA 
were quantified by RT-PCR in human osteosar-
coma cell lines and tissues. The effects of miR-
372-3p up-regulation on osteosarcoma cell pro-
liferation and metastasis were assessed by MTT, 
wound healing assay and transwell assay. Final-
ly, the potential regulatory effect of miR-372-3p 
on FXYD6 expression was confirmed.

RESULTS: Our data showed that miR-372-3p 
was downregulated in osteosarcoma tissues 
compared with matched normal tissues, and the 
expression level of miR-372-3p was significant-
ly lower in osteosarcoma cell lines in compar-
ison with the normal human osteoblastic cell 
line. Transfection with the miR-372-3p mimic en-
hanced the osteosarcoma proliferation and me-
tastasis. In vivo assay indicated that forced ex-
pression of miR-372-3p significantly suppressed 
tumor growth. Then, Bioinformatics prediction 
and experimental validation results confirmed 
that the function of miR-372-3p was achieved by 
targeting FXYD6 expression.

CONCLUSIONS: Our findings revealed that 
miR-372-3p served as a tumor suppressor gene 
by targeting FXYD6 in osteosarcoma. Thus, miR-
372-3 might be a potential therapeutic method 
for osteosarcoma.
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Introduction

Osteosarcoma, the most common primary 
bone tumor in children and adolescents, derives 

from primitive bone-forming mesenchymal cells1. 
The real mechanism of osteosarcoma tumorige-
nesis is still unclear, but it is known to us that ge-
netic factors are involved in the development and 
progression of osteosarcoma2. Despite advanced 
progress obtained in diagnosis and surgery com-
bined with multi-drug chemotherapy for oste-
osarcoma in recent years, the five-year survival 
rate of patients with osteosarcoma is among the 
lowest in all tumors3-5. Osteosarcoma is correlated 
with poor outcome due to its high incidence of 
metastasis and chemoresistance6. In addition, re-
cent years, scientists identified several molecular 
markers, but these lack sensitivity and specificity 
for evaluation of the prognosis and diagnosis of 
osteosarcoma patients7,8. Therefore, the molecular 
mechanisms of osteosarcoma dissemination from 
the primary tumor are important to develop novel 
therapeutic approach.

MicroRNAs (miRNAs) are small noncoding en-
dogenous RNA gene products consisting of 18-25 
nucleotides and regulate gene expression through 
binding to the 3’ untranslated region (3’UTR) of 
their target mRNAs9,10. More and more evidence 
indicates that miRNAs play an important role in a 
variety of pathogenic conditions11. In recent deca-
des, various researches have shown that miRNAs 
are dysregulated in almost all types of human tu-
mors. Moreover, the role of several miRNAs has 
been identified. For instance, Danza et al12 repor-
ted that aberrant expressions of miR-20b, miR27a 
and miR-181a were involved in the regulation of 
chemotherapeutic response in gastric cancer by 
modulating HIF1A and HIPK2. Liu et al13 found 
that miR-217 inhibited EMT in gastric cancer 
through targeting PTPN14. Wang et al14 suggested 
that miR-495 inhibited gastric cancer cell migra-
tion and invasion via targeting HMGA2. Recent-
ly, miR-372-3p has been reported to serve as a tu-
mor suppressor or oncogene, and was abnormally 
expressed in various tumors15-17. However, to our 
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best knowledge, the detail function of miR-372-
3p in progression of osteosarcoma has not been 
investigated.

In the present study, we firstly determined the 
expression levels of miR-372-3p in both osteo-
sarcoma tissues and cell lines. Furthermore, we 
experimentally confirmed that up-regulation of 
miR-372-3p could suppress proliferation, migra-
tion, and invasion by targeting FXYD domain 
containing ion transport regulator 6 (FXYD6).

Materials and Methods

Tissue Samples 
Thirty pair surgical specimens of osteosarco-

ma tissues and their adjacent normal tissues were 
obtained from patients with osteosarcoma who 
underwent surgery at Department of Orthope-
dics, Shanghai Eighth People’s Hospital. All the 
histological diagnoses for osteosarcoma were re-
viewed and recognized by two pathologists inde-
pendently. Osteosarcoma tissues were immedia-
tely frozen at –80°C. The study was approved by 
the Ethics Committee of Shanghai Eighth People’s 
Hospital and informed consent was obtained.

Cell Culture and miR Transfection
Osteosarcoma cell lines (U2OS, SOSP-9607, 

Saos-2, and MG-63) and osteoblastic cell line 
(hFOB1.19) were purchased from Cancer Resear-
ch Institute, Central South University (Changsha, 
Hunan, China), and maintained at 37°C, 5% CO2 
in RPMI 1640 complete medium with 10% fetal 
bovine serum.

The miR-372-3p mimics and negative con-
trol(NC) were synthesized by GenePharma (Pu-
dong, Shanghai, China). For RNA transfection, 
the cells were seeded into each well of 24-well 
plates, incubated overnight. Transfection was per-
formed using Lipofectamine 2000 (Invitrogen, 
Carlsbad, CA, USA) according to the manufactu-
rer’s instructions.

Total RNA Extraction and qRT-PCR 
Analyses

Total RNA was isolated from tissues and cell 
cultures with Trizol reagent (TaKaRa, Otsu, Shi-
ga, Japan) according to the standard protocol. The 
isolated total RNA was reversed transcribed into 
cDNA using SuperScript Reverse Transcriptase 
II (Invitrogen, Carlsbad, CA, USA). Real-time 
PCR was performed with a TaqMan MicroRNA 
Assay Kit (Applied Biosystems, Foster City, CA, 

USA) on ABI7500 real-time PCR detection sy-
stem. Primers for miR-372-3p and FXYD6 were 
synthesized by Genechem (Pudong, Shanghai, 
China) Relative expression was calculated using 
the 2-ΔΔCt method normalized to the individual or 
GAPDH level.

Cell Proliferation Assay and Colony 
Formation Assay

The MTT assay was conducted to evaluate 
the rate of cell proliferation, according to manu-
facturer’s instructions. Cells were reseeded into 
96-well plates for 0, 24, 48,72 and 96. Then 15 ml 
of MTT solution was added into each well. The 
optical density (OD) values were measured at 490 
nm. Each experiment was performed in triplicate 
and repeated three times.

For colony formation assay, cells were seeded 
in 96-well plates and incubated for 7 days at 37°C 
with 5% CO2. Cells were cultured for another 10 
days under standard conditions. Colony numbers 
were quantified using AlphaView software ver-
sion 2.0 (ProteinSimple, San Jose, CA, USA).

Wound Healing, Migration and Invasion 
Assays

For wound healing, the cells were seeded in 
six-well plates and incubated until 90% confluen-
ce in serum-free medium before wounding. The 
detached cells were washed off twice gently, and 
the medium was then replaced with 1% FBS com-
plete medium. Gap areas were photographed at 
different time points using light microscope.

For migration assay, 5 × 104 cells were seeded 
into the upper chamber of transwells (TaKaRa, 
Otsu, Shiga, Japan). For invasion assay, 1 × 105 
cells were added into the upper chamber precoa-
ted with Matrigel (TaKaRa, Otsu, Shiga, Japan). 
After 48 h of incubation at 37°C, the cells were 
removed from the upper sides of the Transwell 
membrane filter inserts with cotton-tip swabs. 
The cells in the lower chambers were fixed in 4% 
formaldehyde, then rinsed with PBS and subjected 
to microscopic inspection.

In vivo Tumor Growth Assay
Osteosarcoma cells were resuspended and 

injected intraperitoneally (2 × 106 cells/mouse) 
into 4-week-old male nude mice (Tiangen Bio-
technology Co., Ltd, Beijing, China). Animals 
were maintained in a sterile animal facility. After 
7 weeks, mice were killed. Then, the mice were 
sacrificed under ether anesthesia and the tumors 
were dissected for further analysis. Tumor growth 
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Tumor volume was evaluated using the following 
formula: volume = (width + length)/2 × width × 
length × 0.5236. 

Western Blot
Protein was extracted from tissues and cel-

ls using RIPA lysis buffer containing proteinase 
inhibitor (Sigma, St. Louis, MO, USA). The pro-
tein concentrations were measured. Equal amoun-
ts of protein were separated by 10% SDS-PAGE 
gel, and transferred to PVDF membranes (Milli-
pore, Billerica, MA, USA). Membranes were in-
cubated with the primary antibodies anti-FXYD6. 
The anti- GAPDH antibody was used to normali-
ze the protein input. Blots were detected using an 
ECL detection system.

Statistical Analysis
SPSS 12.0 software (SPSS Inc., Chicago, IL, 

USA) was used to analyze the results. Student’s 
t-test was used to assess significant differences 
between groups. p < 0.05 was considered statisti-
cally significant.

Results

miR-372-3p is Downregulated in 
Osteosarcoma Tissues and Cell Lines

We first investigated whether miR-372-3p 
expression was linked to osteosarcoma. miR-
372-3p expression in osteosarcoma tissues and 
cell lines was measured by qRT-PCR. Figure 1A 

showed that miR-372-3p expression was signifi-
cantly lower in osteosarcoma tissues than in the 
corresponding noncancerous bone tissues (p < 
0.01). As expected, Figure 1B showed that miR-
372-3p was downregulated in osteosarcoma cell 
lines (SOSP-9607, Saos-2, MG-63, U2OS,) com-
pared to Hfob (p < 0.05, respectively).

miR-372-3p Inhibit the Growth of MG-63 
Cells in vitro and in vivo 

After the miR-372-3p expression in osteosar-
coma tissues and cell lines was investigated, we 
further analyzed the role of miR-372-3p in the 
MG-63 proliferation. As shown in Figure 2A, 
the results of RT-PCR indicated that miR-372-3p 
was markedly increased by its mimics treatment. 
MTT assay showed that in miR-372-3p up-regu-
lated MG-63 cells; proliferation was inhibited 
(Figure 2B). Subsequently, The growth suppres-
sing effect of miR-372-3p was also demonstrated 
by colony formation assays (Figure 2C). Next, we 
investigated whether miR-372-3p could inhibit tu-
mor growth in vivo. The results indicated that the 
size and weight of xenograft tumors in nude mice 
was significantly decreased after mimics treat-
ment of miR-372-3p (Figure 2D and 2E).

Over-Expression of miR-372-3p 
Inhibited the Migration and Invasion 
of MG-63 Cells

Next, we further assessed the effect of miR-
372-3p on tumor migration and invasion. The 

Figure 1. miR-372-3p expression is decreased in osteosarcoma tissues and cell lines. (A) Expression of miR-372-3p was 
measured in osteosarcoma samples and normal tissues via RT-qPCR. (B) The expression levels of miR-372-3p were tested in 
osteosarcoma cell lines and osteoblastic cell line by RT-qPCR. **p < 0.01, *p < 0.05.
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wound-healing assay revealed that MG-63 cells 
with miR-372-3p overexpression exerted a slower 
closing of scratch wound, compared with NC 
(Figure 3A). Moreover, the results of transwell 
showed that the migratory and invasive capacity 
of MG-63 cells overexpressing miR-372-3p was 
significantly reduced compared with the NC (Fi-

gure 3B). These data suggested that miR-372-3p 
suppressed osteosarcoma migration and invasion.

FXYD6 is a Direct Target of miR-372-3p
To explore the molecular mechanism of miR-

372-3p function in osteosarcoma cells, we used 
Targetscan to predict the targets of miR-372-3p, 

Figure 2. miR-372-3p upregulation suppressed osteosarcoma cell proliferation in vitro and in vivo. (A) miR-372-3p levels 
in MG-63 cells transfected with miR-211 mimics or si-NC. (B) MTT assays were performed to determine the proliferation of 
MG-63 cells. (C) The duplicated cells were subjected to colony formation assay. The graph is summarized data of the colony 
formation assay. (D) Tumor volumes were measured on the indicated days. (E) Representative photographs and average wei-
ghts of the tumors from each group. **p < 0.01, *p < 0.05.
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and found FXYD6 might be a target for miR-372-
3p (Figure 4A). Then, we generated the luciferase 
vectors containing WT or MUT of FXYD63’-U-
TR (Figure 3C and D). The detection of a lucifera-
se activity revealed that miR-372-3p significantly 
inhibited the activity of luciferase combined with 
wild-type FXYD6 3’-UTR in MG-63 cells (Fi-
gure 4B). To confirm the effect of miR-372-3p in 
regulation of FXYD6, we further performed RT-
PCR and the results suggested that overexpres-
sion miR-372-3p significantly suppressed FXYD6 
mRNA (Figure 4C). Subsequent western blot also 
indicated that overexpression miR-372-3p signifi-
cantly suppressed FXYD6 proteins (Figure 4D). 
These findings indicated that FXYD6 is a direct 
target of miR-372-3p.

Discussion

MiR-372-3p which is located in 19q13.42 be-
longs to miR-371~373 cluster which has been 
confirmed to be involved in various tumor pro-
gression18. Previous studies indicated that miR-
372-3p served as a tumor suppressor or onco-
gene in different tumors. For instance, Cho et 
al19 reported that down-expression of miR-372 
suppressed gastric cancer proliferation by re-
gulation of LATS2. Yamashita et al20 found that 
up-regulation of miR-372 was remarkable asso-
ciated with poor prognosis of patients with co-
lorectal cancer. Another study by Li et al21 also 
revealed that miR-372 may act as an oncogenic 
miRNA in gliomas and an independent progno-

Figure 3. MiR-372-3p regulates cell migration and invasion in osteosarcoma cells. (A) In vitro wound healing after miRNA 
transfection. (B) Transwell assays were used to investigate the changes in the migratory and invasive abilities of osteosarcoma 
cells. **p < 0.01, *p < 0.05.
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stic biomarker in gliomas. By contrast, the role 
of tumor suppressor in some tumors was also 
reported. For example, Tian et al22 found that 
ectopic expression of miR-372 suppressed cell 
growth by targeting CDK2 Cyclin A1 in cervi-
cal cancer. Kong et al23 also found that miR-372 
inhibited the proliferation activity, migration, 
and invasion of prostate cancer cells by targe-
ting p65. These findings miR-372 exerted con-
trary function depending on its targeting genes. 
Although the role of miR-372 has been reported 
in several tumors, the expression and function of 
miR-372-3p in osteosarcoma remains unknown.

In the present study, we firstly assessed the 
expression levels of miR-372-3p in osteosarcoma 
tissues and cell lines. We found that miR-372-3p 
was significantly lowly expressed in both osteo-
sarcoma tissues and cell lines. Then, we proved 
that forced expression of miR-372-3p inhibits the 
proliferation, migration, and invasion of osteosar-
coma cells in vivo and in vitro. These data sug-

gested that miR-372-3p played important roles in 
osteosarcoma procession. To further explore the 
underlying mechanisms participating in the miR-
372-3p-mediated inhibitory effects on cell proli-
feration and metastasis in osteosarcoma cells, we 
focused on FXYD6 which played a complex role 
in progression of several tumors24,25. 

FXYD6 is a new member of the FXYD pro-
tein family and a regulator of Na, K-ATPase26. 
FXYD6 has been demonstrated to play a positive 
regulator in development of tumors. For instan-
ce, Gao et al27 found that FXYD6 protein was si-
gnificantly up-regulated in hepatocellular carci-
noma tissues, and forced expression of FXYD6 
promotes tumor growth in vivo and in vitro. 
Chen et al28 reported that the positive expression 
rate of FXYD6 was significantly associated poo-
rer cholangiocarcinoma stages. Notably, FXYD6 
mRNA was upregulated in osteosarcoma cells29. 
Furthermore, Li et al30 revealed that knockdown 
of FXYD6 significantly suppressed prolifera-

Figure 4. FXYD6 is a direct target of miR-372-3p. (A) Diagram of the mature miR-372-3p sequence and miR-372-3p target 
site in the 3’-UTR of FXYD6 mRNA. (B) Luciferase reporter assay of MG-63 cells transfected with the wide-type or mu-
tant-type FXYD6 reporter plasmid and miR-372-3p mimic or miR-NC. (C) Western blot analysis of FXYD6 expression in 
MG-63 cells transfected with miR-372-3p mimics or negative control (NC). **p < 0.01, *p < 0.05.
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tion and metastasis in osteosarcoma. Given the 
important role of FXYD6 in tumor progression, 
we identified FXYD6 may be a putative target 
of miR-372-3p by bioinformatics databases. Sub-
sequently, we confirmed that miR-372-3p could 
directly target the 3’UTR of FXYD6 mRNA 
by dual-luciferase reporter gene assay. Further-
more, the results of Western blot and RT-PCR 
indicated that over-expression of miR-372-3p 
significantly suppressed the expression levels 
of FXYD6 protein and mRNA. Taken together, 
our findings suggested that the tumor-suppressi-
ve function of miR-372-3p in osteosarcoma was 
correlated with FXYD6 modulation.

Conclusions

We firstly demonstrated that miR-372-3p 
expression was downregulated in osteosarcoma 
tissues. Moreover, forced miR-372-3p expression 
suppressed the osteosarcoma proliferation by tar-
geting FXYD6. Our findings suggested that miR-
372-3p and FXYD6 may become promising can-
didates for the treatment of osteosarcoma.
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