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Abstract
Background: Circ-NT5C2 has been confirmed to be highly expressed and associated to the progression of osteosarcoma (OS). However, the behind mechanism of circ-NT5C2 involvement in OS remains unclear.
Methods: The expression of circ-NT5C2, miR-488-3p and FZD4 was measured by quantitative real-time PCR, and
the protein expression of E-cadherin, N-cadherin and FZD4 was detected by western blot. Cell counting kit 8 assay,
colony formation assay and 5-ethynyl-2-deoxyuridine assay were performed to assess the cell proliferation. The cell
apoptosis was measured by flow cytometry and Caspase3/Caspase9 Activity Assay Kits. Cell migration and invasion
were detected by transwell assay. Dual-luciferase reporter assay and RIP assay were carried out to determine the binding relation among circ-NT5C2, miR-488-3p and FZD4. Animal experiment and immunohistochemistry analysis were
conducted to explore the role of circ-NT5C2 in tumor growth in vivo.
Results: Comparing with controls, the expression of circ-NT5C2 and FZD4 was upregulated and miR-488-3p expression was downregulated in OS tumor tissues and cells. Circ-NT5C2 overexpression facilitated the cell proliferation and
motility and induced cell apoptosis of OS cells, whereas circ-NT5C2 knockdown had the opposite effect. Besides, we
also found and confirmed that circ-NT5C2 regulated cell malignant behaviors via modulating miR-488-3p/FZD4 axis
in OS. Moreover, circ-NT5C2 silencing repressed the growth of xenografts in vivo.
Conclusion: Circ-NT5C2 upregulated FZD4 expression via sponging miR-488-3p, thus facilitating cell malignant
behaviors in OS.
Highlights
1. Circ-NT5C2 is an oncogene in OS.
2. Circ-NT5C2 promotes OS cell malignant behaviors.
3. Circ-NT5C2/miR-488-3p/FZD4 axis is existed in the pathogenesis of OS.
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Introduction
Osteosarcoma (OS) originates from mesenchymal cells
and occurs mostly in children and adolescents [22, 30].
And it has the characteristics of frequent metastasis,
strong invasiveness and high recurrence rate, which usually leads to a poor prognosis [5, 16, 22]. Currently, surgery combined with radiotherapy and chemotherapy is the
main treatment strategy for OS therapy [8]. However, the
occurrence of chemotherapy resistance greatly limits the
effectiveness of OS treatment [18, 21]. Therefore, understanding the pathogenesis of OS, finding specific biomarkers for diagnosis and treatment, and developing safer and
more effective treatment strategies is important.
CircRNAs are a new type of non-coding RNA [23].
The ring structure formed by reverse splicing makes the
circRNAs structure stable and not easy to be degraded
[23]. In addition, circRNAs are widely expressed in multiple species and the sequences are conserved [13]. The
above characteristics make circRNAs have the potential
to become biomarkers, so circRNAs have attracted the
attention of many researchers. As reported, the abnormal expression of circRNAs was related to the pathogenesis of many diseases [4, 10]. CircRNAs could interfere
with disease progression by affecting various biological
functions such as cell proliferation, metastasis, metabolism and chemotherapy resistance [6, 24, 25]. For example, Huang et al. proved that circ-cESRP1 suppressed
TGF-β signal pathway via absorbing miR-93-5p, thereby
enhanced the chemosensitivity of small cell lung cancer
cells [12]. Besides, studies have revealed that abnormally
expressed circRNAs were involved in the process of OS
and might be used as biomarkers and therapeutic targets for OS [4, 15]. Circ-NT5C2 (ID: has_circ_0092509),
a newly discovered circRNA, has been confirmed to be
highly expressed in OS, and was negatively correlated
with the patients’ survival [20]. However, the specific
mechanism of circ-NT5C2 affecting the development of
OS has not been studied.
In terms of mechanism, it has been confirmed that
circRNAs, as the competitive endogenous RNAs (ceRNAs) of miRNAs, relieved the restriction of miRNAs on
the expression of target genes, and thereby affected the
cell biological functions [19]. This study confirmed that
miR-488-3p was a candidate miRNA for circ-NT5C2
through bioinformatics analysis and related cell experiments. Frizzled homolog 4 (FZD4) is a transmembrane
receptor protein, can affect cell function by transducing
the Wnt signaling pathway [27]. The TargetScan online
software showed that miR-488-3p and FZD4 had targeted binding sites in the sequences. Based on the above
information, we hypothesized that circ-NT5C2 might
participate in the pathogenesis of OS by regulating the
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miR-488-3p-mediated FZD4 expression. Therefore, this
study firstly investigated the role of circ-NT5C2 in OS,
and then further verified the involvement of miR-488-3p/
FZD4 axis in the regulation of circ-NT5C2 in OS process.

Materials and methods
Tissue samples

We collected tumor tissues and paired adjacent normal
tissues from 47 OS patients from Affiliated Hospital of
Jiangnan University. Before conducting this study, we
have obtained informed consents and the permission
from all patients and the Ethics Committee of Affiliated
Hospital of Jiangnan University, respectively.
Cell culture

SW1353, SaOS-2, MG-63 and U2OS cancer cells as well
as normal hFOB1.19 cells were brought from ATCC
(Manassas, VA, USA). All cells were grown in DMEM
(Invitrogen, Carlsbad, CA, USA) plus 10% FBS (Invitrogen) and 1% antibiotics (Invitrogen) with 5% CO2 at
37 ℃.
Quantitative real‑time PCR (qRT‑PCR)

PARIS Kit (Invitrogen) was used to obtain the nuclear
and cytoplasmic RNAs as per the instructions. After
obtaining total RNA by TRIzol Reagent (Invitrogen),
Synthesis Kit (Invitrogen) was used to synthesize cDNA,
which was mixed with SYBR Green (ABI, Foster City, CA,
USA) and specific primers to conduct qRT-PCR. GAPDH
and U6 were used to normalize the relative expression of
different genes, which were calculated by 2−ΔΔCt method.
The utilized primers were listed in Table 1. Three duplicated wells were set for each sample, and three independent biological experiments were conducted.
RNase R assay

The RNA isolated from SW1353 and U2OS cells was
treated with or without RNase R (Geneseed, Guangzhou,
China), followed by qRT-PCR. Three independent biological experiments were conducted.
Cell transfection

The circ-NT5C2 overexpression plasmid (circ-NT5C2)
and siRNAs (si-circ-NT5C2#1 and si-circ-NT5C2#2), the
miR-488-3p mimic (miR-488-3p) and miR-488-3p inhibitor (in-miR-488-3p), siRNA of FZD4 (si-FZD4) and the
overexpression plasmid of FZD4 (FZD4) and the matching control (Vector, si-con, miR-NC, in-miR-NC, si-NC
and pcDNA) were purchased from Genepharma (Shanghai, China) and transfected into SW1353 and U2OS cells.
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Table 1 Primers sequences used for PCR
Name
circ-NT5C2
NT5C2
miR-346

Primers for PCR (5’–3’)

cells). Three duplicated wells were set for each sample, and three independent biological experiments were
conducted.

Forward

TGCCAGTCAAGTGATGCGT T

Reverse

TGGAACTGATGTC TGGACGC

Cell apoptosis

Forward

TACC TACACAGGGCCCCTAC

Reverse

CCACCCT TGCCGT TTC TTTG

Forward

GCCGAGTGTC TGCCCGCAT

Transfected SW1353 and U2OS cells were dyed with
Annexin V-FITC and PI (Vazyme, Nanjing, China) under
the darkness. Then, the apoptotic cells were detected
by FACScan flow cytometer. The activity of Caspase3
and Caspase9 was measured using human Cleaved Caspase-3 ELISA Kit (ab220655) or human Caspase-9 ELISA
Kit (ab119508) obtained from Abcam (Cambridge, MA,
USA) according to instructions. Three independent biological experiments were conducted.

Reverse

CTCAACTGGTGTCGTGGAG

miR-488-3p

Forward

GCCGAGT TGAAAGGCTATT

Reverse

CTCAACTGGTGTCGTGGAG

miR-593-3p

Forward

GCCGAGTGTC TCTGCTGGG

Reverse

CTCAACTGGTGTCGTGGAG

miR-654-3p

Forward

GCCGAGTATGTCTGCTGACC

Reverse

CTCAACTGGTGTCGTGGAG

miR-1182

Forward

GCCGAGGAGGGTC TTGGGAT

Transwell assay

Reverse

CTCAACTGGTGTCGTGGAG

miR-1231

Forward

GCCGAGGTGTCTGGGCGGA

Reverse

CTCAACTGGTGTCGTGGAG

FZD4

Forward

CAGCAGGACTCAAATGGGGT

Reverse

CAATGGT TTTCAC TGCGGGG

GAPDH

Forward

GACAGTCAGCCGCATC TTC T

Reverse

GCGCCCAATACGACCAAATC

U6

Forward

CTCGCTTCGGCAGCACA

Reverse

AACGCTTCACGAATTTGCGT

Matrigel un-coated or coated transwell chambers (Costar,
Corning, Switzerland) were used to conduct the transwell
migration or invasion assay respectively. After transfection, SW1353 and U2OS cells were resuspended and
seeded into the upper chamber. And the bottom chamber
was added with medium containing 10% FBS. 24 h later,
the number of migrated and invaded cells was counted
by a microscope (Leica, Wetzlar, Germany). Three duplicated wells were set for each sample, and 3 independent
biological experiments were conducted.

Cell counting kit 8 (CCK‑8) assay

3

Transfected SW1353 and U2OS cells (1 × 10 cells/well)
were grown in 96-well plates and treated with CCK-8
solution (Beyotime, Shanghai, China) at 1, 2, 3, 4, or
5 days for another 4 h. Then, the optical density was
detected using a microplate reader at 450 nm. Three
duplicated wells were set for each sample, and 3 independent biological experiments were conducted.
Colony formation assay

Transfected SW1353 and U2OS cells were fostered in
6-well plates for 2 weeks. The medium was replaced every
3 days. Subsequently, the cell medium was removed.
After fixing and staining the colonies with paraformaldehyde (Beyotime) and crystal violet (Beyotime), the number of colonies were counted under a microscope. Three
duplicated wells were set for each sample, and three independent biological experiments were conducted.
5‑ethynyl‑2‑deoxyuridine (EdU) assay

After different transfection, KeyFluor488 EdU Kit (keyGEN Biotech, Jiangsu, China) was employed to measure
the DNA synthesis of SW1353 and U2OS cells. After
a series of dyeing treatments, the percentage of EdU
positive cell (%) was reflected by the number of red signal (EdU positive cells) to blue signal (DAPI positive

Western blot (WB)

Protein samples were obtained using RIPA buffer (Beyotime). After separating by SDS-PAGE gel, the protein was
transferred onto PVDF membranes, and treated with
primary antibodies and secondary antibody in turn. The
antibodies obtained from Abcam were showed in Table 2.
The protein signals were analyzed using Image Lab software. Three independent biological experiments were
conducted.
Bioinformatics analysis and dual‑luciferase reporter assay

CircBank (http://www.circbank.cn/) and CircInteractome (https://circinteractome.irp.nia.nih.gov/) online
software were used to retrieve the candidate miRNAs of
circ-NT5C2, and the target of miR-488-3p was predicted
by Targetscan online software (http://www.targetscan.
org/vert_71/). According to the predicted binding sites,
the fragments of wild or mutant circ-NT5C2 and FZD4
3ʹUTR were cloned into the upstream of pmirGLO luciferase reporter (Promega, Madison, Wisconsin, USA).
Afterwards, above reporter vectors and miR-488-3p
mimic or the control were transfected into SW1353
and U2OS cells. Dual-Lumi™ II Luciferase Assay Kit
(Beyotime) was performed to detect the luciferase activity. Three independent biological experiments were
conducted.

Yang et al. Applied Biological Chemistry

(2022) 65:67

Page 4 of 15

Dilution ratio

taken out for other experiments. The animal experiment was approved by the Ethical Committee for Animal
Research of Affiliated Hospital of Jiangnan University.

Table 2 The antibodies in Western blot
Antibody

Cat

Source

E-cadherin

ab40772

1:5000

Abcam

N-cadherin

ab76011

1:5000

Abcam

FZD4

ab277797

1:1000

Abcam

GAPDH

ab181602

1:10000

Abcam

Goat Anti-Rabbit IgG
H&L (HRP)

ab6721

1:20000

Abcam

RNA immunoprecipitation (RIP) assay

EZ-Magna RIP kit (Millipore, Billerica, MA, USA) was
employed for this assay. Briefly, RIP lysis buffer was used
to obtain lysate, which was mixed with RNA magnetic
beads coated with Ago2 antibody (Millipore) or IgG antibody (Millipore). Then the enrichment of circ-NT5C2
and miR-488-3p was measured by qRT-PCR. Three independent biological experiments were conducted.
Xenograft model

Male BALB/c nude mice (n = 10) were bought from
Charles River Labs (Beijing, China) and randomly
divided to 2 group (n = 5/group). Subsequently, shcirc-NT5C2 or the control sh-con was transfected into
U2OS cells, which were subcutaneously injected into
the right armpit of each mouse. Tumor volume was
measured every week according to the method: Volume
(mm3) = (length × width2)/2. At day 35, all tumors were

Immunohistochemistry (IHC) assay

Tumor tissues from animals study were used to prepare
paraffin sections, which were stained using SP Kit (Invitrogen) and specific antibodies, including anti-FZD4
(1:250, ab277797, Abcam), anti-ki-67 (1:200, ab16667,
Abcam) and anti-E-cadherin (1:1000, 20874-1-AP, Proteintech). Three independent biological experiments
were conducted.
Statistical analysis

Data were showed as the mean ± standard deviation. Statistical analysis was carried out using GraphPad Prism
8.0 software. Student’s t-test or one-way ANOVA with
Tukey’s test were utilized for the comparisons of different groups. The relationship of the levels of circ-NT5C2,
miR-488-3p and FZD4 was assayed with Pearson correlation coefficient. Statistical analysis was carried out using
GraphPad Prism 8.0 software. P < 0.05 was considered as
statistically significant.

Results
Circ‑NT5C2 is highly expressed in OS tissues and cells

To validate the abnormal expression of circ-NT5C2
in OS, we firstly detected circ-NT5C2 expression in

Fig. 1 Circ-NT5C2 was elevated in OS tissues and cells. A Circ-NT5C2 expression was measured in 47 paired OS tissues by qRT-PCR. B The expression
of circ-NT5C2 was detected in hFOB 1.1 and OS cells by qRT-PCR. C-D The subcellular localization of circ-NT5C2 was analyzed in SW1353 and U2OS
cells. E–F The circular structure of circ-NT5C2 was confirmed by RNase R assay in SW1353 and U2OS cells. ***P < 0.001
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Fig. 2 Circ-NT5C2 facilitated cell proliferation and inhibited cell apoptosis of OS cells. A–B The overexpression and knockdown transfection efficient
of circ-NT5C2 overexpression plasmid and siRNAs was detected by qRT-PCR in SW1353 cells and U2OS cells, respectively. C–Q SW1353 cells were
transfected with Vector or circ-NT5C2, and U2OS cells were transfected with si-con or si-circ-NT5C2#2. C–J The viability, colony-forming ability and
DNA synthesis ability of SW1353 cells and U2OS cells were measured by CCK-8 assay C–D, colony formation assay E–G and EdU assay H–J. K–M
The cell apoptosis of SW1353 cells and U2OS cells was detected by flow cytometry. N–Q Activity Assay Kits were used to test the Caspase3 and
Caspase9 activity. **P < 0.01 and ***P < 0.001
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Fig. 3 Circ-NT5C2 promoted OS migration and invasion in vitro. A–H SW1353 cells were transfected with Vector or circ-NT5C2 and U2OS cells
were transfected with si-con or si-circ-NT5C2#2. A–F The number of migrated and invaded cells was examined by transwell assay. G–H The protein
expression of E-cadherin and N-cadherin was detected by WB. **P < 0.01 and ***P < 0.001

47 paired OS tissues. And the results showed that circNT5C2 was overexpressed in OS tumor tissues when
comparing to the adjacent normal tissues (Fig. 1A). Next,
circ-NT5C2 expression in OS cells was measured and
data revealed that circ-NT5C2 was notably upregulated
in OS cell lines (SW1353, SaOS-2, MG-63 and U2OS)
in comparison with hFOB 1.19 cells (Fig. 1B). In addition, the subcellular localization results presented that
circ-NT5C2 was majorly located in the cytoplasm rather
than the nucleus of OS cells (Fig. 1C, D), implying that
circ-NT5C2 might function as a cytoplasmic miRNA
sponge. Subsequently, RNase R assay results uncovered
that RNase R treatment sharply downregulated the linear
NT5C2 mRNA expression, while circ-NT5C2 expression was lightly affected (Fig. 1E, F). These data indicated
that circ-NT5C2 upregulation might be related to OS
progression.
Circ‑NT5C2 facilitates OS cell proliferation and suppressed
OS cell apoptosis in vitro

To investigate the involvement of circ-NT5C2 in OS
tumorigenesis, we transfected circ-NT5C2 overexpression plasmid (circ-NT5C2) or siRNAs against
circ-NT5C2 (si-circ-NT5C2#1 or si-circ-NT5C2#2)
into SW1353 and U2OS cells, resulting in its

overexpression or silencing, respectively (Fig. 2A, B;
Additional file 1: Fig. S1A, B). Due to the better interference, si-circ-NT5C2#2 was selected for subsequent
experiments. Then, CCK-8, colony formation and
EdU assay were conducted to assess the proliferation
ability of OS cells, and results proved that the viability, colony-forming ability and DNA synthesis ability
of SW1353 were promoted by circ-NT5C2 overexpression and circ-NT5C2 knockdown repressed the
above effects (Fig. 2C–J; Additional file 1: Fig. S1C–H).
Flow cytometry data revealed that overexpressed and
silencing circ-NT5C2 restrained or induced the apoptosis of OS cells, respectively (Fig. 2K–M; Additional
file 1: Fig. S1I–J). The test results of activity assay kits
showed that circ-NT5C2 overexpression suppressed
the activity of Caspase3 and Caspase9 in SW1353 cells
(Fig. 2N–P; Additional file 1: Fig. S1K–N). On the contrary, circ-NT5C2 silencing enhanced Caspase3 and
Caspase9 activity in U2OS cells (Fig. 2O, Q). These
findings manifested that circ-NT5C2 promoted cell
growth and hindered cell apoptosis in OS cells.
Circ‑NT5C2 contributes to OS motility in vitro

Next, we further explored the influence of circNT5C2 in OS cell motility using transwell assay,
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Fig. 4 Circ-NT5C2 was physically interacted with miR-488-3p via target binding. A The number of miRNAs that were predicted as targets for
circ-NT5C2 in circBank and CircInteractome online software was showed in Venn diagram. B The expression of miR-346, miR-488-3p, miR-593-3p,
miR-654-3p, miR-1182 and miR-1231 was measured by qRT-PCR in 6 pairs of OS tissues randomly selected. C–D The expression of miR-346,
miR-488-3p, miR-593-3p, miR-654-3p and miR-1182 was determined by qRT-PCR in SW1353 cells transfected with Vector or circ-NT5C2, and
U2OS cells transfected with si-con or si-circ-NT5C2#2. E The binding sites of miR-488-3p and circ-NT5C2 WT or MUT Vector were showed. F–G
Dual-luciferase reporter assay was performed to determine the luciferase activity in SW1353 cells and U2OS cell transfected with circ-NT5C2
WT/MUT reporter vector and miR-488-3p or miR-NC. H–I RIP assay and qRT-PCR were conducted to detect the enrichment of circ-NT5C2 and
miR-488-3p. J–K The expression of circ-NT5C2 was measured by qRT-PCR in 47 pairs of OS tissues as well as hFOB 1.19, SW1353 cells and U2OS cells.
**P < 0.01 and ***P < 0.001
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and data showed that circ-NT5C2 overexpression increased the migrated and invaded number of
SW1353 cells, whereas circ-NT5C2 knockdown suppressed the migration and invasion abilities of U2OS
cells (Fig. 3A–F). In support, the related markers of
cell metastasis (E-cadherin and N-cadherin) were
detected by WB analysis. The results revealed that the
expression of E-cadherin was reduced and the N-cadherin expression was increased after transfecting circNT5C2 overexpression plasmid into SW1353 cells.
On the contrary, circ-NT5C2 silencing upregulated
E-cadherin expression and downregulated N-cadherin
expression (Fig. 3G, H). These outcomes displayed that
circ-NT5C2 reinforced the abilities of cell migration
and invasion in OS cells.
Circ‑NT5C2 interacts with miR‑488‑3p

A total of six miRNAs were predicted to harbor binding sites
with circ-NT5C2, which was predicted in both circBank
and CircInteractome online software (Fig. 4A). Comparing with adjacent tissues, 5 miRNAs (miR-346, miR-488-3p,
miR-593-5p, miR-654-3p and miR-1182) expression was
significantly downregulated in 6 pairs of OS tumor tissues
randomly selected (Fig. 4B). Then, we detected the expression of the 5 miRNAs mentioned above after circ-NT5C2
overexpression or silencing, data revealed that only 2 miRNAs including miR-488-3p and miR-654-3p were regulated
by circ-NT5C2 in OS cells (Fig. 4C, D). Considering that
response of miR-488-3p to circ-NT5C2 was more significant, miR-488-3p was selected for subsequent analysis. The
binding sites of miR-488-3p and WT or MUT circ-NT5C2
were showed in Fig. 4E. To further verify this target relationship, the WT or MUT circ-NT5C2 reporter vector and
miR-NC or miR-488-3p were transfected into SW1353 and
U2OS cells, and the luciferase activity of circ-NT5C2 WT
reporter vector rather than circ-NT5C2 MUT reporter vector was notably decreased by miR-488-3p overexpression
(Fig. 4F, G). RIP assay results displayed that the enrichment
of circ-NT5C2 and miR-488-3p on Ago2 was higher than
that on IgG (Fig. 4H, I). Additionally, the low expression of
miR-488-3p was appeared in OS tumor tissues and cells in
contrast to the controls (Fig. 4J, K). Taken together, the above
results indicated that circ-NT5C2 acted as a sponge of miR488-3p in OS.
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Circ‑NT5C2 promotes OS cell malignant behaviors in vitro
via sponging miR‑488‑3p

Subsequently, whether miR-488-3p was involved in the
action of circ-NT5C2 in OS cells was investigated. After
confirming the overexpression efficiency of miR-488-3p
mimic in SW1353 cells and knockdown efficiency of
miR-488-3p inhibitor in U2OS cells (Fig. 5A, B), miR488-3p mimic or inhibitor were respectively transfected
into circ-NT5C2-overexpressed SW1353 cells or circNT5C2-silenced U2OS cells to conduct rescue experiments. CCK-8, colony formation and EdU assay results
showed that miR-488-3p mimic relieved the proliferation-promoting effect induced by circ-NT5C2 overexpression in SW1353 cells, while miR-488-3p inhibitor
could restore the proliferation-suppressing effect mediated by circ-NT5C2 knockdown in U2OS cells (Fig. 5C–
H). Flow cytometry and activity assay kits displayed that
miR-488-3p mimic abolished circ-NT5C2 overexpression-induced inhibition of the cell apoptosis in SW1353
cells, and circ-NT5C2 silencing-mediated promotion
of U2OS cell apoptosis was overturned by miR-488-3p
inhibitor (Fig. 5I–L). In addition, the promotion mediated by overexpressed circ-NT5C2 in the cell migration
and invasion of SW1353 cells was rescued after co-transfecting with miR-488-3p mimic, and miR-488-3p inhibitor could restore the suppressive impacts of circ-NT5C2
silencing in U2OS cell migration and invasion (Fig. 5M–
P). Moreover, miR-488-3p overexpression relieved the
downregulation of E-cadherin expression and the upregulation of N-cadherin mediated by circ-NT5C2 overexpression. On the contrary, circ-NT5C2 knockdown
induced E-cadherin expression and repressed N-cadherin expression, and these effects were attenuated by
co-transfecting with miR-488-3p inhibitor (Fig. 5Q, R).
These rescue experiments results confirmed that circNT5C2 contributed to the malignant phenotypes of OS
cells via sponging miR-488-3p.
FZD4 acts as a miR‑488‑3p target

FZD4 was a possible target gene of miR-488-3p according to the predicted result of TargetScan online software, and the binding sites were showed in Fig. 6A. To
investigate the influence of miR-488-3p on FZD4 expression, we transfected miR-488-3p mimic and inhibitor

(See figure on next page.)
Fig. 5 The regulation of circ-NT5C2 on OS cells malignant behaviors in vitro was relieved by miR-497-5p. A–B The overexpression and knockdown
transfection efficient of miR-488-3p mimic and inhibitor was confirmed by qRT-PCR in SW1353 cells and U2OS cells, respectively. C–R SW1353 cells
were transfected with Vector, circ-NT5C2, circ-NT5C2 + miR-NC, circ-NT5C2 + miR-488-3p and U2OS were transfected with si-NC, si-circ-NT5C2#2,
si-circ-NT5C2#2 + in-miR-NC, or si-circ-NT5C2#2 + in-miR-488-3p. C–H The cell proliferation was assessed by CCK-8 assay C–D, colony formation
assay E–F and EdU assay (G–H). I–J The cell apoptosis of was detected by flow cytometry. K–L Activity Assay Kits were used to test the Caspase3
and Caspase9 activity. M–P The cell migration and invasion were determined by transwell assay. Q–R The protein expression of E-cadherin and
N-cadherin was detected by WB. *P < 0.05, **P < 0.01 and ***P < 0.001
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Fig. 6 MiR-488-3p directly targeted FZD4. A The binding sites of miR-488-3p and FZD4 3’UTR MT and MUT vector were predicted by TargetScan
online software. B–C FZD4 expression was detected by WB in SW1353 cells transfected with miR-NC or miR-488-3p and U2OS cells transfected
with in-miR-NC or in-miR-488-3p. D–E The luciferase activity was measured by dual-luciferase reporter assay in SW1353 and U2OS cells transfected
with FZD4 3’UTR WT/MUT reporter vector and miR-488-3p or miR-NC. F–I FZD4 expression was examined by qRT-PCR and WB in OS tissues and cell
samples. **P < 0.01 and ***P < 0.001

into SW1353 and U2OS cells, respectively. WB results
revealed that miR-488-3p mimic downregulated the protein expression of FZD4 in SW1353 cells, whereas miR488-3p inhibitor upregulated FZD4 protein expression
in U2OS cells (Fig. 6B, C). Besides, the dual-luciferase
reporter assay data showed that miR-488-3p remarkably
decreased the luciferase activity of FZD4 3’UTR WT
reporter vector, but had no influence on the luciferase

activity of FZD4 3’UTR MUT reporter vector (Fig. 6D,
E). Then, qRT-PCR and WB were performed to detect
the mRNA and protein expression of FZD4 in OS tissues and cells. Comparing to adjacent normal tissues
and hFOB 1.19 cells, the higher level of FZD4 mRNA
and protein was appeared in OS tumor tissues and cells
(Fig. 6F–I). These data suggested that FZD4 was a target
gene of miR-488-3p.

(See figure on next page.)
Fig. 7 MiR-488-3p regulated OS cell functions via targeting FZD4. A The knockdown and overexpression transfection efficiency of miR-488-3p
inhibitor and mimic was separately confirmed by qRT-PCR in SW1353 cells and U2OS cells. B The knockdown and overexpression transfection
efficiency of si-FZD4 and FZD4 overexpression plasmid was verified by WB in SW1353 cells and U2OS cells. C–R in-miR-NC, in-miR-488-3p,
in-miR-488-3p + si-NC or in-miR-488-3p + si-FZD4 was transfected into SW1353 cells, while miR-NC, miR-488-3p, miR-488-3p + pcDNA or
miR-488-3p + FZD4 was transfected into U2OS cells. C–H CCK-8 assay C, D, colony formation assay E–F and EdU assay G–H were performed to
detect the cell proliferation. I–J The cell apoptosis was detected by flow cytometry. K–L Activity Assay Kits were used to test the Caspase3 and
Caspase9 activity. M–P The migrated and invaded cells was measured by transwell assay. Q–R The protein expression of E-cadherin and N-cadherin
was detected by WB. **P < 0.01 and ***P < 0.001
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of OS cells. MiR-488-3p inhibitor notably facilitated the
viability, colony-forming ability and DNA synthesis ability of SW1353 cells, FZD4 knockdown co-transfecting
could revert these proliferation-promoting effects (Fig. 7C,
E, G). Besides, FZD4 overexpression attenuated the proliferation-suppressing effects of miR-488-3p mimic in
U2OS cells (Fig. 7D, F, H). Apoptosis related experiments
showed that the inhibition of cell apoptosis mediated by
miR-488-3p knockdown in SW1353 cells was relieved by
FZD4 silencing, while overexpressed FZD4 restored the
promotion of U2OS cell apoptosis induced by miR-488-3p
overexpression (Fig. 7I–L). Additionally, miR-488-3p
inhibitor significantly induced cell migration and invasion,
and these impacts were overturned by FZD4 knockdown
in SW1353 cells (Fig. 7M, O). On the contrary, miR488-3p mimic suppressed U2OS cell migration and invasion, whereas overexpressed FZD4 could rescue the above
effects (Fig. 7N, P). Moreover, WB results showed that
FZD4 silencing reverted the downregulation of E-cadherin
expression and the upregulation of N-cadherin expression
mediated by miR-488-3p inhibitor, while FZD4 overexpression restored the regulation of miR-488-3p mimic on
the expression of E-cadherin and N-cadherin (Fig. 7Q, R).
All these data illustrated that miR-488-3p regulated the
malignant behaviors of OS cells by targeting FZD4.
Fig. 8 Circ-NT5C2 upregulated FZD4 expression via sponging
miR-488-3p. A–C The linear correlation between the levels of
circ-NT5C2, miR-488-3p and FZD4 in OS tissues was analyzed using
Pearson correlation coefficient. D–E FZD4 protein expression was
detected by WB in SW1353 cells transfected with vector, circ-NT5C2,
circ-NT5C2 + miR-NC, or circ-NT5C2 + miR-488-3p and U2OS cells
transfected with si-NC, si-circ-NT5C2#2, si-circ-NT5C2#2 + in-miR-NC,
or si-circ-NT5C2#2 + in-miR-488-3p. ***P < 0.001

MiR‑488‑3p suppresses OS cell malignant behaviors
in vitro via targeting FZD4

Subsequently, the functionality of FZD4 was explored
in OS cells. The findings exhibited that FZD4 absence
restrained cell proliferative ability and colony-forming ability, reduced the number of EdU-positive cells,
strengthened cell apoptosis rate, and repressed cell migratory and invasive abilities; as expected, FZD4 overexpression showed the opposite effects (Additional file 2: Fig.
S2A–L). Considering the above findings, rescue experiments were performed to validate the role of miR-488-3p
and FZD4 in OS progression. First, we confirmed the
knockdown and overexpression efficient of miR-488-3p
inhibitor and mimic in SW1353 cells and U2OS cells,
respectively (Fig. 7A). Then, si-FZD4 and FZD4 overexpression plasmid were separately transfected into SW1353
and U2OS cells to downregulate and upregulated FZD4
expression (Fig. 7B). Subsequently, we performed CCK-8,
colony formation and EdU assay to assess the proliferation

Circ‑NT5C2 indirectly promotes FZD4 expressionvia
absorbing miR‑488‑3p

In OS tumor tissues, we found that there was a negatively
correlation between circ-NT5C2 and miR-488-3p expression (Fig. 8A). Besides, the level of FZD4 mRNA was negatively correlated with miR-488-3p level and positively
correlated with circ-NT5C2 level in OS tumor tissues
(Fig. 8B, C). Moreover, we discovered that circ-NT5C2
overexpression notably promoted the expression of FZD4
protein, and this effect was reverted by miR-488-3p
mimic (Fig. 8D). And miR-488-3p inhibitor restored the
suppressive effect of FZD4 expression mediated by circNT5C2 knockdown (Fig. 8E). These findings indicated
that circ-NT5C2 positively regulated FZD4 expression
via sponging miR-488-3p.
Silencing of circ‑NT5C2 represses OS tumor growth in vivo

To further explore the effect of circ-NT5C2 in OS
tumor growth, U2OS cells transfected with sh-con or
sh-circ-NT5C2 were injected into nude mice to construct xenograft mice model. Five weeks later, tumor volume and weight in sh-circ-NT5C2 group were smaller
than that in sh-NC group (Fig. 9A–C). Comparing to
the sh-NC group, circ-NT5C2 and FZD4 expression
were downregulated, while miR-488-3p expression was
upregulated in the tumor tissues of sh-NT5C2 group
(Fig. 9D–F). Besides, circ-NT5C2 knockdown facilitated
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Fig. 9 Circ-NT5C2 depletion restrained OS tumorigenesis. A–C The representative images, growth curve and weight of xenografts was showed.
D–E The expression of circ-NT5C2 D and miR-497-5p E was determined by qRT-PCR. F–G WB was performed to detect the protein expression of
FZD4 F, E-cadherin and N-cadherin G. H IHC assay was conducted to stain the positive cells of FZD4, ki-67 and E-cadherin. ***P < 0.001

the expression of E-cadherin and suppressed N-cadherin
expression (Fig. 9G). Moreover, IHC assay results showed
that the positive cells of FZD4 and ki-67 were decreased,
while the positive cells of E-cadherin were increased in
the tumor tissues of sh-circ-NT5C2 group (Fig. 9H). In
general, the above data demonstrated that circ-NT5C2
was a pro-tumor factor in OS.

Discussion
OS is a major threat to human health due to the high mortality and morbidity [16]. Although researchers have been
working to improve therapy, the ontcomes of OS patients
remain poor [8]. Thus, finding possible therapeutic targets
to improve the current status of OS treatment t is urgent.
This study found that circ-NT5C2, a novel circRNA overexpressed in OS, participated in modulating the biological
functions of OS cells. Additionally, we discovered and confirmed the molecular mechanism of circ-NT5C2 in OS.
Recent studies have shown that circRNAs were
involved in the progress of OS. For instance, Cao et al.
proved that circ_0008932 facilitated OS cells proliferation and motility via absorbing miR-145-5p [2]. Gao et al.
confirmed that suppression of circ_0084582 restrained

the malignant phenotypes of OS cells via sponging miR485-3p and thereby regulating JAG1 expression [7]. In
another study, Guan et al. found that highly expressed
circ_0001721 contributed to TCF4 expression, cell
growth and metastasis in doxorubicin-resistant OS cells
by targeting miR-758 [9]. Although studies have confirmed that high level of circ-NT5C2 appeared in OS
tumor tissues through RNA sequencing, there was no
research on the specific role and mechanism of circNT5C2 in the pathogenesis of OS [20]. Here, we confirmed that circ-NT5C2 was overexpressed in OS tumor
tissues. In addition, overexpression or knockdown of
circ-NT5C2 promoted or inhibited the malignant behaviors of OS cells, respectively. In vivo experiments further
confirmed that circ-NT5C2 was a promoting factor in
the development of OS.
Accumulated research data showed that miRNAs were
important regulators in cancer progression by regulating
cell functions in various cancers, including OS [11, 14].
In addition, studies have analyzed the expression of miRNAs in OS plasma samples in the Gene Expression Comprehensive database and found that the expression of
miRNAs in OS patients was abnormally expressed when
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comparing with the controls [26]. This study found and
confirmed that miR-488-3p was targeted by circ-NT5C2.
MiR-488-3p, as a tumor suppressor, has been reported
that it was closely related to the development of colorectal cancer [17], papillary thyroid cancer [31] and esophageal squamous cell carcinoma [28]. It was worth noting
that Bu et al. found that lncRNA SNHG16 promoted the
progression of OS through negative regulation of miR488-3p [1]. Here, the rescue experiments further verified that circ-NT5C2 regulated the function of OS cells
through targeting miR-488-3p.
FZDs, a type of G protein-coupled receptors, have been
shown to have significant roles in Wnt signal transduction [27]. FZD4 is a member of the FZDs. As reported,
FZD4 was an oncogene and significantly upregulated in
many cancers [3, 29, 32]. For example, FZD4 was promoted by circ_0004712/miR-331-3p axis in the progression of ovarian cancer [32]. MiR-101 restrained FZD4
expression and thereby suppressing the motility of bladder cancer cells [3]. Besides, lncRNA SNHG1 contributed
to FZD4 expression, and attenuated the anti-cancer effect
of baicalein via sponging miR-3127-5p [29]. This study
firstly discovered an upregulated FZD4 in OS. Additionally, FZD4 silencing restored the promotion of miR488-3p inhibitor on OS cells proliferation and metastasis,
while overexpressed FZD4 relieved the inhibition of 4883p mimic on the cell growth and metastasis of OS cells,
implying that miR-488-3p/FZD4 axis was existed in the
process of OS.
In conclusion, our research confirmed that as a new
ceRNA axis, the circ-NT5C2/miR-488-3p/FZD4 axis
affected the malignant progression of OS by regulating
cell growth, motility and apoptosis of OS cells. These
findings provided basic support for revealing the internal
mechanism and developing therapeutic strategy of OS.
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overexpression on DNA synthesis were evaluated by EdU assay. (G–H) The
effects of FZD4 knockdown and overexpression on cell apoptosis were
checked by flow cytometry assay. (I–L) The effects of FZD4 knockdown
and overexpression on cell migration and invasion were examined by
transwell assay. **P<0.01 and ***P<0.001.
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Additional file 1: Fig. S1 Circ-NT5C2 facilitated cell proliferation,
migration and invasion, and inhibited cell apoptosis of OS cells. (A–B)
The overexpression and knockdown transfection efficient of circ-NT5C2
overexpression plasmid and siRNAs was detected by qRT-PCR. (C–N) U2OS
cells were transfected with Vector or circ-NT5C2, and SW1353 cells were
transfected with si-con or si-circ-NT5C2#2. (C–H) The viability, colonyforming ability and DNA synthesis ability of SW1353 cells and U2OS cells
were measured by CCK-8 assay (C–D), colony formation assay (E–F) and
EdU assay (G–H). (I–J) The cell apoptosis of SW1353 cells and U2OS cells
was detected by flow cytometry. (K–N) The number of migrated and
invaded cells was examined by transwell assay. *P<0.05, **P<0.01 and
***P<0.001.
Additional file 2: Fig. S2 FZD4 elevation aggravated OS cell malignant
phenotypes. (A–B) The effects of FZD4 knockdown and overexpression on
cell proliferation were evaluated by CCK-8 assay. (C–D) The effects of FZD4
knockdown and overexpression on colony-forming ability were evaluated
by colony formation assay. (E–F) The effects of FZD4 knockdown and
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