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MicroRNAs (miRNAs) are regulatory small noncoding RNAs that play a key role in several types of cancer. It has been reported
that miR-331-3p is involved in the development and progression of various cancers, but there are few reports regarding os-
teosarcoma (OS). ,e public GEO database was used to analyze the survival difference of miR-331-3p in OS organizations. ,e
level of cell proliferation assay was assessed by CCK-8 and colony formation. First, transwell and wound-healing assays were used
to detect the transfer and invasion ability of miR-331-3p in OS. Second, TargetScan, miRDBmiR, TarBase, and dual-luciferase
reporter gene assays were used to determine SOCS1 as a targeted regulator. ,ird, Western blot and immunohistochemistry were
used to detect the expression of protein levels. Finally, a mouse model of subcutaneously transplantable tumors is used to evaluate
the proliferation of OS in vivo. ,e low expression of miR-331-3p was negatively correlated with the overall survival of OS
patients. Overexpression of miR-331-3p significantly inhibited cell proliferation, metastasis, and invasion. Moreover, miR-331-3p
affected the occurrence and development of osteosarcoma by targeting the SOCS1/JAK2/STAT3 signaling pathway. ,erefore,
miR-331-3p reduces the expression of SOCS1 by combining with its 3′UTR, thereby activating the JAK2/STAT3 signaling
pathway to regulate the progression of OS. ,is provides a new theoretical basis for the treatment of osteosarcoma.

1. Introduction

Osteosarcoma (OS) is one of the most common malignant
bone tumors in children and adolescents [1]. ,e treatment
for OS mainly comprises surgical resection, systemic che-
motherapy, targeted radiation therapy, immunotherapy,
gene therapy, and stem cell therapy [2, 3]. Although surgical
resection and neoadjuvant chemotherapy have reduced the
mortality rates in surgical patients, the 5-year survival rate is
still very low [4]. OS cell proliferation, migration, invasion,
apoptosis, autophagy, epithelial-mesenchymal transition,
and other pathophysiological processes are closely related to
the development of OS [5, 6]. Unfortunately, the molecular
mechanism of OS development has not yet been fully elu-
cidated. ,erefore, it is important to identify new diagnostic
biomarkers and therapeutic targets.

MicroRNAs (miRNAs) are highly conserved endoge-
nous noncoding RNAs with a length of approximately 19–25
nucleotides [7]. miRNAs are involved in many metabolic
processes, including cell proliferation, differentiation, and
apoptosis [8]. Many studies have confirmed that miRNA
dysregulation is one of the causes of many cancers. miRNA
mimics and miRNA-targeting molecules (antimiR) appear
to be superior prospects for preclinical development [9]. For
example, mimics of the tumor suppressor, miRNA miR-34,
have entered phase I clinical trials for cancer treatment, and
antimiRs targeting miR-122 have entered phase II trials for
hepatitis treatment [10, 11]. Interestingly, increasing evi-
dence supports the involvement of miR-331-3p in the oc-
currence and development of a variety of cancers. [12].
However, the function of miR-331-3p in OS remains un-
clear, and further research is needed.
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Suppressor of cytokine signaling 1 (SOCS1) is a member
of the SOCS family. It plays a vital role in regulating the
immune system and in solving the inflammatory cascade
[13, 14]. SOCS1 is also considered to be a tumor suppressor
in many cancers and may act as a tumor suppressor or
promoter in a manner that depends on the cell environment
[15]. We aimed to determine the expression profile of miR-
331-3p in osteosarcoma tissues using biological information
and quantitative real-time polymerase chain reaction and to
assess the effect of miR-331-3p on the growth of OS cells
in vitro. We outline the potential mechanism of SOCS1 as
a tumor suppressor and discuss the new evidence of SOCS1
activity as an oncogene.

2. Materials and Methods

2.1.miRNAExpressionDataAnalysis. Gene array expression
profile data GSE39040, including 65 OS tissues and 65 paired
noncancerous samples, were downloaded from the Gene
Expression Omnibus database (GEO) [11]. All GEO data
were analyzed in the R statistical environment. ,e ex-
pression values of miR-331-3p fromGEO data were analyzed
using the online tool, ENCORI.

2.2. Cell Culture and Transfection. ,e human OS cell lines
143b, Hos, Saos-2, U–2OS, and hFOB1.19 were obtained
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). HEK-293T cells were kindly provided by
Sir Run Run Shaw Hospital, Zhejiang University School of
Medicine and the Key Laboratory of Musculoskeletal System
Degeneration and Regeneration Translational Research of
Zhejiang Province. All cells were maintained in Dulbecco’s
Modified Eagle’s Medium (Hyclone, LU, USA) supple-
mented with 10% fetal bovine serum (Gibco, NY, USA). ,e
cells were incubated at 37°C in an atmosphere of 5% CO2.

miR-331-3p inhibitor or miR-331-3p mimics were
transfected into 143b and Hos cells separately. Cell trans-
fection was performed using Lipofectamine 3000 (Invi-
trogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions. After transfection for 48 h, cells were harvested
for further analysis.

2.3. RNA Extraction, Reverse Transcription, and Quantitative
Real-Time PCR. Total RNA was extracted from OS cells
using an Ultrapure RNA Purification Kit (Takara Bio, Shiga,
Japan). Reverse transcription was performed using the
Kr116 FastKing cDNA Synthesis Kit (TIANGEN, Beijing,
China) according to the manufacturer’s instructions.
Quantitative real-time PCR (qRT-PCR) was performed in
triplicate on a QuantStudio™ 3 Real-Time PCR System using
SuperReal PreMix Plus ((TIANGEN, Beijing, China).
miRNA quantification was determined by using Bulge-loop
RT primer (RiboBio Co.Ltd, Guangdong, China). Data
obtained from qPCR were analyzed using GraphPad prism.
Cycle threshold (Ct) values were calculated, and the relative
mRNA levels of the target genes were analyzed using the 2-
ΔΔCTmethod. ,e primer sequences are shown in Table 1.

2.4. CCK-8 Assay. Transfected 143b and Hos cells (2×103
cells) were cultured in a 96-well culture plate with 100 μL of
culture medium per well. 10 μL of CCK-8 reagent (GLPBIO,
CA, USA) was added to each well at 0, 24, 48, and 72 h
posttreatment, followed by incubation for 3 h. ,e plate was
then shaken on a microplate reader, a zero adjustment was
performed using a blank hole, and absorbance was measured
at 450 nm (optical density).

2.5. Wound-Healing Assay. Transfected 143b and Hos cells
were cultured in serum-free medium for 24 h. A 200-μL
pipette tip was used perpendicular to the 6-well plate to
make scratches. Photographs were taken at 0 h and 24 h and
analyzed with Image J software (National Institute of Health,
Bethesda, MD, USA). ,e cell migration rate indicated the
migration and movement abilities of each group of cells. ,e
greater the migration rate, the greater the migration and
movement ability.

2.6.CellMigrationandInvasionAssays. Transfected 143b and
Hos cells were cultured in serum-freemedium for 24 h prior to
migration and invasion assays. Cells (0.2×105) in 0.2ml of
serum-free medium were seeded in the upper chamber
containing 40μL of 1mg/ml Matrigel (BD Biosciences, MA,
USA), and 0.6ml of complete medium containing 10% FBS
was added to the lower chamber. After 48 h of incubation, the
cells at the top of the membrane were removed with a cotton
swab. ,e cells that migrated to the bottom well were fixed in
methanol for 20min and stained with 0.1% crystal violet
solution. ,e number of invading cells was counted in three
randomly selected optical microscope fields.

2.7.ColonyFormationAssay. Transfected 143b and Hos cells
were plated into 6-well plates and cultured for 10 days at
37°C. Colonies were then fixed with 4% paraformaldehyde
for 20min and stained with 0.1% crystal violet. ,e colony
formation numbers (>50 cells) were counted under a mi-
croscope, and the experiment was repeated three times over.

2.8. Dual-Luciferase Reporter Assay. Dual-luciferase reporter
plasmids were purchased from HanBio (Shanghai, China).
HEK-293T cells were cultured in 6-well plates at a density of
3×104 cells/well before transfection. Cells were then
cotransfected with plasmid mixtures containing the RL re-
porter and FL reporter with or without themir-331-3p 3-UTR
(500 ng) and SOCS13′-UTR or negative control (NC) (10 nM
final concentration) using Lipofectamine RNAiMAX (Invi-
trogen, AL, USA). Luciferase activity was measured using
a Dual Luciferase Reporter Gene Assay Kit (Beyotime,
Shanghai, China) after 48 h. For comparison, FLUC activity
was normalized to RLUC activity to determine the ratio. ,e
luciferase activity ratio of the miR-331-3p mimic group to the
NC group was calculated and expressed as the fold-change.

2.9. Western Blot Analysis. Cells were harvested, washed,
and lysed in lysis buffer (P0013, Beyotime, China)
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supplemented with a protease/phosphatase inhibitor cock-
tail. Proteins were separated using SDS-PAGE and trans-
ferred to poly vinylidene fluoride membranes (BioRad, AL,
USA). ,e membrane was blocked overnight with 5% skim
milk in Tris-buffered saline containing 0.5% Tween-20 and
then incubated with primary antibodies against SOCS1
(Immunoway, USA), JAK2(Immunoway, USA), p-JAK2
(Immunoway, USA), STAT3 (Immunoway, USA), p-
STAT3 (Immunoway, USA), and β-actin (Immunoway,
USA) at 4°C. ,e membranes were then incubated with an
HRP secondary antibodies (Dawen, HangZhou, China).
Proteins were detected using an enhanced chem-
iluminescence kit (Beyotime, Shanghai, China) according to
the manufacturer’s instructions. An anti-β-actin antibody
was used to detect uniform loading. Each experiment was
performed in triplicate.

2.10. Subcutaneous Xenograft Tumor Models.
Approximately 5×106 143b cells were injected sub-
cutaneously into nude mice (female, 4 weeks old) (n� 6 per
group) by randomization. ,e width and length of the tumor
wasmeasured for 4 consecutive weeks.,e tumor volumewas
calculated as follows: volume(mm3) � (length × width2)/2.
Mice were sacrificed 4 weeks after injection, and the tumors
were collected and weighed. A part of the tumor was extracted
for RNA and protein analysis, and the remaining tissue was
fixed in 4% paraformaldehyde for further use.

2.11. Plasmid Construction and Stable Transfection. Stable
transfection small interfering RNAs (siRNAs) were obtained
from RiboBio (Guangzhou, China) and transfected into cells
using Lipofectamine iMax (Invitrogen, AL, USA) following
the manufacturer’s instructions. ,e human lentivirus miR-
331-3p sponge and the SOCS1-overexpressing lentiviral
plasmid were purchased from HanBio. miRNA mimics and
inhibitors were purchased from GenePharma (Shanghai,
China). Transfection efficiency was verified using qRT-PCR.

2.12. Immunohistochemistry (IHC). A primary antibody
against SOCS1 (Immunoway, USA) was used and incubated
with the cells overnight at 4°C. ,ereafter, the cells were
washed in phosphate-buffered saline (PBS), followed by
incubation with secondary antibodies (Proteintech IL, USA)
for 1 h. Finally, the cells were washed in PBS, and immu-
nofluorescence images were captured using an inverted
microscope (Nikon, Tokyo, Japan).

2.13. Statistical Analyses. All statistical analyses were per-
formed using GraphPad Prism 6 software. Statistical sig-
nificance was defined as a two-sided P value <0.05.
Experiments were replicated at least three times, and the

data are shown as the mean± standard deviation (SD)
in bars.

3. Results

3.1. �e Expression of miR-331-3p Was Decreased in OS.
We analyzed the expression level of miR-331-3p in osteo-
sarcoma through bioinformatics. ,e analysis results
showed that low expression of miR-331-3p was negatively
associated with overall survival (days) in patients with OS
(Figure 1(a)). Secondly, we detected the expression of miR-
331-3p in U–2OS, HOS, Saos-2, 143b, and hFOB1.19 by
qRT-PCR. ,e results indicated that miR-331-3p is down-
regulated in OS cell lines compared with normal cells
(Figure 1(b)). ,ese data indicate that miR-331-3p is closely
related to the occurrence and development of OS.

3.2. MiR-331-3p Suppresses OS Cell Proliferation Metastasis
and Invasion In Vitro. miR-331-3p acts as an oncogene in
a variety of cancers, but it is rarely described in OS. Here, we
evaluated the role of miR-331-3p in OS by transfecting 143b
and Hos cells with miR-331-3p mimics or inhibitors. We
detected transfection efficiency using qRT-PCR
(Figure 2(a)). Furthermore, the CCK-8 detection and
plate colony formation analysis showed that miR-331-3p
over-expression further inhibited cell proliferation com-
pared with the NC group, while miR-331-3p inhibition
resulted in increased cell proliferation (Figures 2(b) and
2(c)). In addition, wound healing and transwell assays
confirmed that when miR-331-3p was overexpressed, the
migration and invasion ability of OS cells decreased sig-
nificantly. While miR-331-3p was inhibited, 143b and Hos
showed an upward trend (Figures 2(d) and 2(e)). Overall,
these data indicated that miR-331-3p could inhibit the
migration, invasion, and proliferation of OS cells in vitro.

3.3. SOCS1 is a Direct Target of miR-331-3p in OS.
Prediction of SOCS1 and NACC1 as possible targets of miR-
331-3p was performed by analysis of the three databases,
TargetScan, miRDB, and miRTarBase (Figure 3(a)). ,e
results showed that SOCS1 had the greatest promotion effect
on cell proliferation by qRT-PCR (Figure 3(b)); therefore, it
was selected for further research. ,e results of the dual
luciferase reporter assay verified the targeting relationship
between miR-331-3p and SOCS1 (Figures 3(c) and 3(d)). In
addition, the results of RT-qPCR and Western blot analysis
showed that the expression of SOCS1 in OS cells was re-
versely regulated by miR-331-3p mimics or inhibitors
(Figures 3(e) and 3(f)). ,is indicates that SOCS1 is a direct
target of miR-331-3p.

It has been reported that SOCS1 acts as an oncogene in
various cancers, but its role in OS is unclear [15]. To

Table 1: Primer sequence.

,e target Forward (5′–3′) Reverse (5′–3′)
SOCS1 CCAGGTGGCAGCCGACAATG CGAGGAGGAGGAAGAGGAGGAGA
GAPDH TGGTTGAGCACAGGGTACTT CCAAGGAGTAAGACCCCTGG
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determine whether the expression of endogenous SOCS1 is
closely related to the pathogenesis of OS, 143b and Hos cells
were transfected with si- SOCS1 1 to evaluate their functions
in vitro. Transfection efficiency was verified by qRT-PCR
(Figure S1A). Wound healing and transwell assays showed
that lower levels of SOCS1 inhibited OS cell metastasis and
invasion (Figures S1B and S1C). On the other hand, com-
pared with the control group, OS cells with downregulated
SOCS1 expression had a lower growth rate and reduced
colony formation (Figure S1D). ,e CCK-8 results showed
that lower levels of SOCS1 significantly inhibited cell pro-
liferation (Figure S1E). In summary, our results indicate that
over-expression of miR-331-3p may inhibit the progression
of OS through SOCS1.

3.4. miR-331-3p Promotes OS Progression via SOCS1. ,e
SOCS1 over-expression plasmid was constructed and
transfected into 143b and Hos cells with stable over-
expression of miR-331-3p to further investigate whether
miR-331-3p affects OS progression by targeting SOCS1. ,e
increased cell viability (Figure 4(a)) and proliferation
(Figure 4(b)) capabilities of OS cells by miR-331-3p over-
expression were all abolished by SOCS1 over-expression. In
addition, it was found that high expression of SOCS1 can
rescue the downregulation of miR-331-3p-deficient cells
through cell migration and transwell experiments
(Figures 4(c) and 4(d)). Protein and gene levels also verified
the above phenomenon (Figures 4(e) and 4(f)). Taken to-
gether, these findings indicate that miR-331-3p is involved in
OS progression by targeting SOCS1.

3.5. miR-331-3p Regulates the Biological Functions of OS
through the SOCS1/JAK2/STAT3 Pathway. Next, we further
explored the underlying molecular mechanisms of miR-331-
3p. According to the reports, miR-221-3p in M2-TAM

exosomes aggravated the progression of OS by regulating the
SOCS3/JAK2/STAT3 axis [16]. We found that miRNA-331-
3p activates the JAK2/STAT3 phosphorylation level by
inhibiting SOCS1 (Figures 5(a) and 5(b)). ,ese results
suggest that miRNA-331-3p may act through the SOCS1/
JAK2/STAT3 pathway.

3.6. SOCS1 Acts as a Sponge for miR-331-3p to Promote Tu-
morigenesis In Vivo. An over-expression/silencing SOCS1
lentiviral plasmid was constructed and transfected into OS
cells. ,e stabilized cells were used to construct a mouse
orthotopic xenograft model to determine whether miR-331-
3p and SOCS1 also function in vivo. ,e tumor volume of
the miR-331-3p over-expression group was significantly
smaller than that of the control group, while the cotrans-
fection group showed a reversed trend (Figure 6(a)). ,e
tumor weights of the three groups also showed the same
difference (Figure 6(b)). ,e upregulated expression of miR-
331-3p also suppressed tumor volume in subcutaneous
xenograft models (Figure 6(c)). In addition, miR-331-3p
mimics significantly reduced SOCS1 mRNA expression
levels, and the cotransfection group showed a reversed trend
(Figure 6(d)). Western blot results indicate that miR-331-3p
affects the occurrence and development of osteosarcoma
through the SOCS1/JAK2/STAT3 pathway (Figure 6(e)).
,e results of IHC showed that the average immunopositive
area of SOCS1 decreased under the influence of miR-331-3p,
and SOCS1 offset this change again (Figure 6(f )). ,ese
results indicate that miR-331-3p may participate in pro-
cesses such as OS growth and metastasis through SOCS1.

4. Discussion

miRNAs are important regulators of gene expression and are
involved in a variety of cellular physiological processes, such
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Figure 2: miR-331-3p can inhibit the proliferation, migration, and invasion of OS in vitro. (a) 143b and Hos are transfected with miR-331-
3p mimics or inhibitors, and then cell biological functions are evaluated. (a) qRT-PCR detects the transfection efficiency of miR-331-3p.
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as cell growth, movement, and differentiation [17]. Nowa-
days, more and more evidence has confirmed that miRNAs
play a key role in cancer malignancies by acting as tumor
suppressor genes or oncogenes. ,erefore, miRNA can be
used as an important indicator of prognosis and treatment
[18]. miR-331-3p is a newly discoveredmiRNA that has been
confirmed as a tumor suppressor, and it is usually down-
regulated in different cancers. For example, miR-331-3p is
significantly downregulated in triple-negative breast cancer
(TNBC) tissues and cell lines. One study reported that over-
expression of miR-331-3p inhibits the increase in pro-
liferation and apoptosis of TNBC cells [19]. ,e expression
of miRNA-331-3p in clinical specimens and cells of naso-
pharyngeal carcinoma was also significantly reduced, while
the over-expression of miRNA-331-3p inhibited cell pro-
liferation and invasion. In addition, over-expression of

miRNA-331-3p reduced the expression of the target gene
elF4B, thereby inhibiting phosphorylation of phosphoino-
sitide 3-kinase and serine/threonine kinase [20]. However,
little is known about the biological functions of miR-331-3p
in OS.

In this study, we used bioinformatics to analyze GEO
and TCGA data and found that low levels of miR-331-3p are
closely related to overall survival rate and are an in-
dependent prognostic factor affecting the overall survival
rate of patients. ,e qRT-PCR results showed that the ex-
pression of miR-331-3p was significantly downregulated in
the OS cell line, confirming this conclusion. Functional tests
showed that the over-expression of miR-331-3p inhibited
the metastasis and invasion ability of OS cells in vitro and
reduced cell viability and proliferation ability, whereas the
knockdown of miR-331-3p promotes cell migration and
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cells. (c) Schematic diagram of the binding sequence between miR-331-3p and SOCS1. (d) HEK-293Tcells are transfected with miR-331-3p
mimic or negative control (NC) and wild-type or mutant SOCS13′-UTR, and subjected to luciferase assay. (e) qRT-PCR is used to evaluate
the mRNA level of SOCS1 in OS cells transfected with miR-331-3p mimics/inhibitors. (f ) Western blotting is used to evaluate the protein
expression of SOCS1 in OS cells transfected with miR-331-3p mimics/inhibitors. ,e results are shown as the mean± standard deviation
(SD) from three independent experiments. ∗∗P< 0.01.
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invasion. Our results indicate that miR-331-3p is an in-
hibitory miRNA in OS cells. ,is is consistent with previous
studies of other cancers.

SOCS1, also known as STAT-induced STAT inhibitor
(SSI) or JAK binding protein (JAB), is a member of the SOCS

family [21]. SOCS1 negatively regulates cytokines by acti-
vating the JAK-STAT signaling pathway [22]. According to
literature reports, m6A mRNA controls T cell methylation
by targeting the IL-7/STAT5/SOCS pathway [23]. ,e
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Figure 4: SOCS1 regulates the tumor suppressor function of miR-331-3p in OS cells in vitro. (a) CCK-8 assay shows that miR-331-3p over-
expression inhibits the effect of SOCS1 silencing on cell growth. (b) Colony formation analysis of changes in OS cell proliferation ability.
(c) Wound repair experiments show the effect of SOCS1 over-expression on migration ability. (d) ,e invasion ability of cells after
cotransfection with miR-331-3p and SOCS1 is determined by the invasion test. (e)Western blot is used to detect the protein expression level
of SOCS1 in OS cells after miR-331-3p alone transfection and miR-331-3p and SOCS1 cotransfection. (f ) Detection of SOCS1 mRNA
expression level in OS cells after miR-331-3p alone transfection and miR-331-3p and SOCS1 cotransfection by quantitative real-time
polymerase chain reaction (qRT-PCR). ,e results are shown as the mean± standard deviation (SD) from three independent experiments.
∗∗P< 0.01.
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by regulating macrophage polarization and the SOCS/JAK2/
STAT/PPAR- c signaling pathway [24]. Recent studies have
shown that SOCS1 can play a role in cancer by regulating
oncogenic signal transduction pathways. Zhang et al. found
that SOCS5 can inhibit HCC cell migration and invasion
in vitro by activating PI3K/Akt/mTOR-mediated autophagy
[25]. Here, through the analysis of the three data-
bases—TargetScan, miRDB, and miRTarBase—we speculate
that SOCS1 is the target gene of miR-331-3p. ,e dual lu-
ciferase results confirmed that SOCS1 was the target effector
of miR-331-3p. ,e rescue experiment once again verified
that miR-331-3p inhibits the occurrence of OS cells and
tumors by regulating SOCS1. Next, we investigated other

possible miR-331-3p/SOCS1 regulatory pathways and
found, through Western blotting, that miR-331-3p activates
the JAK2/STAT3 pathway by inhibiting SOCS1, thereby
affecting the progress of OS (Figure 7).

5. Conclusion

In conclusion, our results confirm that miR-331-3p inhibits
the proliferation, metastasis, and invasion of osteosarcoma
cells. Further mechanistic studies found that miR-331-3p
participates in targeting SOCS1 and upregulates JAK2/
STAT3 to affect the progression of OS. ,e molecular
mechanism explored in this study may provide a new
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Figure 6: SOCS1 acts as a target of miR-331-3p to promote tumorigenesis in vivo. 143b cells are inoculated subcutaneously in female nude
mice at a density of 5×106 cells. (a) After 4 weeks, the tumor is dissected and imaged. (b) Average tumor weight of mice.,e data represents
the mean± standard error of the mean (SEM) (n� 5 per group). (c) Tumor volume (ab2/2) was recorded every seven days after mice were
injected with stable OS cells. ,e data represents the mean± SEM (n� 5 per group). (d) qRT-PCR analysis of SOCS1 mRNA expression in
xenograft mouse tumors. (n� 5 in each group). (e) Western blot analysis of SOCS1 protein expression levels in different groups of tumors.
(f ) HE and immunohistochemistry staining shows the tumor structure and relative protein level of SOCS1 in tumors.,e results are shown
as the mean± standard deviation (SD) from three independent experiments. ∗∗P< 0.01.
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theoretical basis for the pathogenesis and treatment of
osteosarcoma.
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