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Abstract. Osteosarcoma (OS) is a primary malignant tumor 
with a complex etiology. Therefore, research into the patho-
genesis of osteosarcoma is considered a priority. Circular 
RNAs play important roles in cell metabolism and in the 
immune response and are closely associated with cancer 
treatment. However, research into the association of circular 
RNAs with osteosarcoma is limited. In the present study, 
CircSAMD4A was validated by RT‑qPCR and agarose gel 
electrophoresis. CircSAMD4A and miR‑342‑3p expression 
was detected by RT‑qPCR. The relative protein expression 
levels were measured by western blot analysis. MTT assay 
and flow cytometry were used to detect cell cytotoxicity and 
apoptosis, respectively. Transwell assay was applied to assess 
cell migration and invasion. Dual‑luciferase reporter assay 
was used to determine the association among CircSAMD4A, 
Frizzled‑7 (FZD7) and miR‑342‑3p. In vivo, subcutaneous 
tumor formation assay was performed in an experiment with 
nude mice. The results revealed that the expression levels of 
CircSAMD4A and FZD7 were upregulated, while those of 
miR‑342‑3p were downregulated in OS tissues and cells. The 
inhibition of CircSAMD4A suppressed cell progression and 
epithelial‑mesenchymal transition (EMT), and promoted cell 
apoptosis in OS. The reduction of miR‑342‑3p reversed the 
effects of CircSAMD4A downregulation on cell cytotoxicity, 
migration, invasion, apoptosis and EMT in OS, while FZD7 
overexpression blocked the effect of miR‑342‑3p upregulation 
on OS progression. The suppressive effect of sh‑CircSAMD4A 
on tumor growth was thus verified in OS. Overall, the present 
study demonstrated that CircSAMD4A affected cell cytotox-

icity, invasion, apoptosis, migration and EMT by regulating 
the miR‑342‑3p/FDZ7 axis in OS, thereby providing a novel 
regulatory mechanism and a potential therapeutic target 
for OS.

Introduction

Osteosarcoma (OS) is a primary malignant tumor that occurs 
in adolescents and children (1). The pathogenesis of OS is 
very complex, with surgery and chemotherapy being the 
main treatment methods (2,3). Moreover, the high recurrence 
and metastasis of OS patients commonly occurs following 
standard treatment. Therefore, it is necessary to explore the 
pathogenesis of OS and to discover novel biomarkers for the 
targeted treatment of OS.

Circular RNAs are non‑coding RNAs with a closed 
circular structure (4). Due to their insensitivity to nucleases, 
circular RNAs are more stable and more suitable as diagnostic 
markers (5,6). Previous studies have demonstrated that circular 
RNAs play a central regulatory role in the pathogenesis of a 
variety of cancer types (7,8). Studies have also verified that 
circular RNAs, as competitive endogenous RNAs, bind 
to miRNAs and regulate the expression of downstream 
target genes  (9‑11). For example, circular RNA circNASP 
has been shown to regulate OS malignant behavior via the 
miR‑1253/FOXF1 axis (12). CircSAMD4A, a novel circular 
RNA, was derived from the SAMD4A gene and is located 
in chr14:55168799‑55169298. Yanbin and Jing identified that 
circSAMD4A was involved in the cellular progression of OS 
by targeting miR‑1244 and regulating MDM2 expression (13). 
Therefore, the circular RNA‑mediated miRNA/mRNA regu-
latory network plays an essential role in cancer.

MicroRNAs (miRNAs or miRs) are a class of non‑coding 
single‑stranded RNAs, ranging from 18 to 22 nucleotides in 
length, which degrade downstream target genes at the tran-
scriptional and post‑transcriptional levels and affect gene 
expression (14‑16). There is accumulating evidence to suggest 
that miRNAs are widely involved in tumor progression, 
including cell migration, invasion and proliferation, acting as 
important regulators in the progression of human diseases, 
such as hepatocellular carcinoma, osteoarthritis chondrocytes, 
colorectal cancer and neuroblastoma (17‑20). For example, 
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miR‑503 has been shown to suppress cell proliferation and 
promote apoptosis by targeting E2F3 in colorectal cancer 
cells  (21). In addition, miRNAs have been considered as 
biomarkers of cancer treatment and prognosis (22‑24). For 
example, serum miR‑542‑3p has been verified as a prog-
nostic biomarker in OS (25). miR‑221‑3p, miR‑342‑3p and 
miR‑491‑3p have been shown to be associated with prognosis 
in colon cancer (26). miR‑21 and miR‑29 could thus be used 
as biomarkers to improve diagnostic efficiency of gastric 
cancer (27). These data suggest that the regulatory function 
of miRNAs/mRNAs is critical in the development of various 
tumors.

The present study demonstrated that CircSAMD4A was 
highly expressed in OS tissues and cells, suggesting that it 
plays an important role in the progression of OS. Therefore, 
biological function assays were performed to further explore 
the function of CircSAMD4A in OS and to provide novel 
regulatory mechanisms and therapeutic targets for OS.

Materials and methods

Tumor specimens and control specimens (pair‑matched‑adja-
cent normal tissues) were obtained from 30  patients 
diagnosed with OS (age, ≥25 years, n=8; age, <25 years, n=22; 
male/female ratio, 16/14) at the Second Affiliated Hospital of 
Guangzhou Medical University between August, 2016 and 
May, 2019. All the patients underwent resection and signed 
written informed consents. The experiment was approved by 
the Ethics Committee of the Second Affiliated Hospital of 
Guangzhou Medical University. All the samples were stored 
at ‑80˚C until use in the experiments.

Cell culture and transfection. OS cell lines (HOS and U2OS) 
and the human osteoblast cell line (hFOB 1.19) were purchased 
from the Chinese Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China) and cultured in Dulbecco's 
modified Eagle's medium (DMEM; Gibco; Thermo Fisher 
Scientific, Inc.) supplemented with 10% FBS (Gibco; Thermo 
Fisher Scientific, Inc.), 100 U/ml of penicillin and 100 mg/ml 
of streptomycin (Invitrogen; Thermo Fisher Scientific, Inc.) 
at 37˚C in a humidified incubator with 5% CO2.

Small interfering RNA against CircSAMD4A (si‑Circ-
SAMD4A#1 and si‑CircSAMD4A#2) and negative control 
si‑NC, sh‑CircSAMD4A and sh‑NC, pcDNA‑CircSAMD4A 
and pcDNA‑NC, miR‑342‑3p mimics (miR‑342‑3p) and NC, 
anti‑miR‑342‑3p and anti‑NC, pcDNA‑FZD7 (FZD7) and 
vector were purchased from GenePharma. The sequences of 
si‑CircSAMD4A were as follows: (5'‑3'): si‑CircSAMD4A#1, 
AGC​ACA​AGT​ACA​AGA​ATC​ATT; si‑CircSAMD4A#2, GCA​
CAA​GTA​CAA​GAA​TCA​TTA; miR‑342‑3p mimic sense, GGG​
TCT​CAC​ACA​GAA​ATC​GC and antisense, CAG​TGC​GTG​
TCG​TGG​AGT; miR‑342‑3p inhibitor, sense, GAG​CAG​GCT​
GGA​GAA; miRNA mimic negative control sense, UUU​GUA​
CUA​CAC​AAA​AGU​ACU​G and antisense, CAG​UAC​UUU​
UGU​GUA​GUA​CAA​A; miRNA inhibitor negative control 
sense, CAG​UAC​UUU​UGU​GUA​GUA​CAA​A. Lipofectamine 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used 
to transfect the vectors and oligonucleotides into OS cells for 
5 min at room temperature according to the manufacturer's 
protocol.

CircRNA expression profile analysis. A gene expression profile 
(GSE96964) of OS was downloaded from the Gene Expression 
Omnibus (GEO, https://www.ncbi.nlm.nih.gov/geo/query/acc.
cgi?acc=GSE96964). GSE96964 includes 8 samples (U2OS, 
U2OS/MTX300, HOS, MG63, 143B, ZOS, ZOSM and 
hFOB1.19 cells). The differentially expressed genes (DEGs) 
were compared by using GEO2R (https://www.ncbi.nlm.nih.
gov/geo/geo2r/?acc=GSE96964).

RNase R treatment and RT‑qPCR. Total RNA was isolated 
from tissues and cells using TRIzol reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). The PrimeScript® RT reagent 
kit (Takara) was applied to reverse transcript RNA to cDNA. 
The Reverse Transcription Reagents (Applied Biosystems) 
or TaqMan® MicroRNA Reverse Transcription kit (Applied 
Biosystems) was used to detect CircSAMD4A and Frizzled‑7 
(FZD7) or miR‑342‑3p expression, respectively. Subsequently, 
qPCR assay was performed on an ABI 7500 Fast Real‑Time 
PCR System (Applied Biosystems) with SYBR® Premix Ex 
Taq™ reagent (Takara). Glyceraldehyde 3‑phosphate dehydro-
genase (GAPDH) was employed as the normalization gene of 
CircSAMD4A and FZD7. U6 was employed as the normal-
ization gene of miR‑342‑3p. The mRNA expression levels of 
CircSAMD4A and SAMD4A in both HOS and U2OS cell 
lines were detected by RT‑qPCR in the presence or absence 
of RNase R. The expression of CircSAMD4A, FZD7 and 
miR‑342‑3p was calculated using 2‑ΔΔCt method (28). RT‑qPCR 
was performed under the following thermocycling conditions: 
60˚C for 2 min, 95˚C for 25 sec, and 40 circles of 95˚C for 
10 sec and 60˚C for 30 sec. The sequences or the primers were 
as follows: U6 forward, 5'‑CTC​GCT​TCG​GCA​GCA​CA‑3' and 
reverse, 5'‑AAC​GCT​TCA​CGA​ATT​TGC​GT‑3'; miR‑342‑3p 
forward, 5'‑TGC​GGT​CTC​ACA​CAG​AAA​TCG​CAC‑3' and 
reverse, 5'‑CCA​GTG​CAG​GGT​CCG​AGG​T‑3'; circSAMD4A 
forward, 5'‑ACT​GGC​AGG​ACA​AAA​GCA​TG‑3' and reverse, 
5'‑CAG​GAT​TTT​GGG​CAG​CAG​TT‑3'; FZD7 forward, 5'‑ttc​
tcg​gac​gat​ggc​tac​c‑3' and reverse, 5'‑gaa​cca​agt​
gag​aga​cag​aat​gac​c‑3'; and GAPDH forward, 5'‑GGA​
GCG​AGA​TCC​CTC​CAA​AAT‑3' and reverse, 5'‑GGC​TGT​
TGT​CAT​ACT​TCT​CAT​GG‑3'.

Western blot analysis. Total protein was lysed and isolated 
from cells and tissues using RIPA buffer (Beyotime Institute of 
Biotechnology) and its quantification was measured using the 
BCA™ Protein Assay kit (Pierce; Thermo Fisher Scientific, 
Inc.), and equal amount proteins (20 µg) were then separated 
using sodium dodecyl sulfate‑polyacrylamide gel electro-
phoresis (10% SDS‑PAGE). The protein was transferred onto 
polyvinylidene fluoride (PVDF) membranes (Millipore). The 
membranes were blocked with PBS containing 5% non‑fat milk 
for 1 h at room temperature and then incubated at 4˚C overnight 
with the following primary antibodies: FZD7 (1:1,000 dilution, 
AV41251, Sigma‑Aldrich; Merck KGaA), C‑caspase‑3 (1:2,000 
dilution, sc‑70497, Santa Cruz Biotechnology, Inc.), N‑cadherin 
(1:2,000 dilution, sc‑7939, Santa Cruz Biotechnology, Inc.), 
proliferating cell nuclear antigen (PCNA; 1:1,000 dilution, 
MAB424R, Sigma‑Aldrich; Merck KGaA), Vimentin (1:2,000 
dilution, sc‑6260, Santa Cruz Biotechnology, Inc.), E‑cadherin 
(1:2,000 dilution, sc‑21791, Santa Cruz Biotechnology, Inc.), 
Ki‑67 (1:1,000 dilution, ab15580, Abcam) and GAPDH 
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(1:1,000 dilution, sc‑25778, Santa Cruz Biotechnology, Inc.). 
The membranes were then incubated with horseradish peroxi-
dase (HRP)‑conjugated goat anti‑rabbit secondary antibody 
(1:1,000 dilution, sc‑2357, Santa Cruz Biotechnology, Inc.) for 
1 h at 37˚C. Clarity Western ECL substrate (Bio‑Rad) and 
ChemiDocTM MP Imaging System (Bio‑Rad) were applied 
to detect the blots and for visualizion. In addition, ImageJ 
software was used to quantify the blots.

Cell cytotoxicity and apoptosis. The cytotoxicity of the trans-
fected cells was measured using the Cell Growth Determination 
kit MTT based (Sigma‑Aldrich; Merck KGaA). The cells 
were cultured and seeded into 96‑well plates at a density of 
2x103 cells per well. Trypsin/EDTA 0.25% (Sigma‑Aldrich; 
Merck KGaA) was then added to each well to generate a single 
cell suspension. Following incubation for 4 h at 37˚C with 
5% of CO2, 150 µl MTT solvent (4 mM HCl, 0.1% NP40 in 
isopropanol) was added to each well and incubated at  7˚C for 
3 h for conversion into formazan. Finally, the optical density 
(OD) was determined at a wavelength of 450  nm with a 
spectrophotometric microplate reader (Beyotime Institute of 
Biotechnology).

Cell apoptosis was tested using the Annexin V‑FITC/PI 
Apoptosis Detection kit (BD Biosciences) according to the 
manufacturer's instructions. The transfected cells were collected 
and Annexin V‑FITC and propidium iodide (PI) were added to 
incubation at 37˚C in the dark for 15 min. Cell apoptosis was 
performed and displayed using flow cytometry.

Cell invasion and migration. A Transwell assay was performed 
to detect the invasion and migration of the transfected cells. 
Briefly, the transfected cells (3x103) were harvested for 48 h 
in serum‑free DMEM and then seeded in the upper chambers 
with 8‑µm pores coated with Matrigel (BD Biosciences) for 
invasion assay. For Transwell migration assay, the upper cham-
bers were not coated with Matrigel. An amount of 10% FBS 
was added to the medium as a chemoattractant and then the 
mixed medium was added to the lower chamber. Following 
incubation for 48 h at 37˚C, the cells remaining in the upper 
chambers were removed. The cells attached to the lower 
surface were stained for 20 min at 37˚C using crystal violet. 
The migrated and invasive cells were detected and counted 
using a Countess Automatic Cell Counter (Invitrogen; Thermo 
Fisher Scientific, Inc.).

Animal experiments. A total of 12 female nude mice (6 weeks 
old; weighing 18‑20  g) purchased from Beijing HFK 
Bioscience Co. Ltd. were used in this study. The mice were 
housed in a standard animal laboratory where the tempera-
ture was maintained at 25˚C with a humidity level of 40‑70% 
and 12‑h dark/light cycles under pathogen‑free conditions. 
The animals were given free access to food and water. The 
animal experiments were approved by the Animal Care and 
Welfare Committee of The Second Affiliated Hospital of 
Guangzhou Medical University. The mice were divided into 2 
groups as follows: sh‑CircSAMD4A (n=6) and sh‑NC (n=6). 
Sh‑CircSAMD4A and sh‑NC (20 µM) were transfected into 
the HOS and U2OS cells and then injected subcutaneously 
into the right flanks of the female nude mice. The tumor 
volume was measured every 5 days after the tumors became 

visible. At 25 days after the injection, all the 12 mice were 
sacrificed by cervical dislocation that caused a sharp section 
of the spinal cord followed by an instantaneous cardiac arrest. 
Subsequently, the tumor weight was detected. The length (L) 
and width (W) was measured using a vernier caliper. The 
tumor volume (V) was calculated with the following formula: 
V=(LxW2) x0.5.

Dual‑luciferase reporter assay. To validate the targeting 
association among CircSAMD4A, FZD7 and miR‑342‑3p, 
a CircSAMD4A‑wt, FZD7‑wt vector was constructed 
that contained the matching sequence of miR‑342‑3p and 
CircSAMD4A‑mut. A FZD7‑mut vector was also constructed 
that contained a mutant sequence. The vector is pmirGLO 
Dual‑Luciferase miRNA Target Expression Vector (Promega). 
CircSAMD4A‑wt or CircSAMD4A‑mut and miR‑342‑3p 
or NC were then transfected into the U2OS and HOS cells 
using Lipofectamine 2000 reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.) according to the manufacturer's instructions. In 
addition, FZD7‑wt or FZD7‑mut and miR‑342‑3p or NC were 
transfected into the U2OS and HOS cells using Lipofectamine 
2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
Following transfection for 48 h, the Dual‑Luciferase Reporter 
Assay System (Promega) was used to determine the luciferase 
activity.

RNA immunoprecipitation (RIP). RIP assay was applied using 
the EZ‑Magna RIP kit (Millipore) according to the manufac-
turer's protocol. The transfected cells were collected and lysed 
using RIP buffer, and then incubated with human anti‑Argo-
naute 2 (Ago2) antibody (1:1,000 dilution, ab5072, Abcam) or 
normal mouse IgG (negative control, 1:1,000 dilution, 12‑349, 
Sigma‑Aldrich; Merck KGaA). Following incubation overnight 
at 4˚C, proteinase K buffer (Abcam) was added to remove the 
non‑specific binding and the immunoprecipitated RNA was 
extracted. The purified proteins were detected by RT‑qPCR.

Statistical analysis. All data are presented as the means ± stan-
dard deviation (SD). The analysis of the data was performed 
using GraphPad Prism 7.0 (GraphPad Software). The inter-
action among CircSAMD4A, miR‑342‑3p and FZD7 was 
analyzed by Pearson's correlation analysis. All comparisons 
were analyzed using Student's t‑tests or one‑way ANOVA 
followed by Tukey's test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

CircSAMD4A is highly expressed in OS tissues and cell lines. 
The online data set (GSE96964) revealed that CircSAMD4 
(hsa_circRNA_0004846) was highly expressed in the MG‑63, 
U2OS, HOS and 143B cells compared with the hFOB 1.19 
cells, suggesting that CircSAMD4 may be associated with OS 
progression. The present study demonstrated that CircSAMD4 
was derived from exon 2 of the host gene SAMD4 according 
to circBase (http://www.circbase.org/) (Fig. 1A). Divergent 
primers were then designed to amplify CircSAMD4 and 
convergent primers wer designed to amplify SAMD4 mRNA. 
CircSAMD4 was only detectable in cDNA, but not in genomic 
DNA (gDNA) from the U2OS cells, as shown by RT‑qPCR 



XIE et al:  EFFECT OF circSAMD4A IN OSTEOSARCOMA110

with divergent primers, while SAMD4 could be amplified in 
both cDNA and gDNA using convergent primers (Fig. 1B). 
CircSAMD4A expression was detected in OS tissues and 
cells. The data demonstrated that CircSAMD4A expression 
was upregulated in OS tissues compared with normal tissues 
(Fig. 1C). Additionally, CircSAMD4A expression in the HOS 
and U2OS cells was significantly higher than that in the hFOB 
1.19 cells (Fig. 1D). Moreover, RNase R assay was applied to 
confirm the stability of CircSAMD4A. The results revealed 
that the expression of the linear forms of SAMD4A markedly 
decreased following RNase R treatment; however, RNase R 
failed to digest CircSAMD4A in the HOS and U2OS cells 
(Fig. 1E and F). Therefore, CircSAMD4A was upregulated in 
OS cells and tissues, indicating that CircSAMD4A is associ-
ated with OS progression.

Knockdown of CircSAMD4A promotes cytotoxicity and 
apoptosis, and inhibits the migration, invasion and epithe‑
lial‑mesenchymal transition (EMT) of OS cells. To further 
examine the effects of CircSAMD4A on OS progression, 
si‑NC and si‑CircSAMD4A were transfected into the HOS 
and U2OS cells. The results indicated that CircSAMD4A 
was inhibited in the HOS and U2OS cells, which were trans-
fected with si‑CircSAMD4A, and 2 transfected cell lines 
(si‑CircSAMD4A#1 and si‑CircSAMD4A#2) were selected 
for use in the following experiments (Fig. 2A). As presented 
in Fig. 2B, MTT assay suggested that cell cytotoxicity was 
enhanced by CircSAMD4A downregulation. Moreover, 

Ki‑67 protein expression was decreased by si‑CircSAMD4A 
transfection (Fig.  2C). The knockdown of CircSAMD4A 
suppressed OS cell growth. Flow cytometry demonstrated 
that CircSAMD4A downregulation contributed to OS cell 
apoptosis (Fig. 2D and E). The protein level of C‑caspase 3 
was markedly induced by the knockdown of CircSAMD4A 
(Fig. 2F). Transwell assay confirmed that the migration and 
invasion of the HOS and U2OS cells were decreased by the 
knockdown CircSAMD4A (Fig. 2G and H). Furthermore, 
the knockdown of CircSAMD4A inhibited N‑cadherin and 
Vimentin protein expression, whereas it increased E‑cadherin 
protein expression in the HOS and U2OS cells (Fig. 2I and J). 
These data demonstrated that the knockdown of CircSAMD4A 
suppressed the migration, invasion and EMT of OS cells, and 
promoted the cytotoxicity and apoptosis of OS cells, suggesting 
that CircSAMD4A plays a crucial role in OS progression.

Knockdown of CircSAMD4A suppresses tumor growth 
in  vivo. Subsequently, the function of CircSAMD4A was 
verified in a mouse experiment. sh‑NC and sh‑CircSAMD4A 
were transfected into U2OS cells and the transfected cells 
were then injected into mice. The results revealed that the 
tumor volume in the CircSAMD4A knockdown group was 
significantly smaller than that of the sh‑NC group (Fig. 3A). 
Similarly, CircSAMD4A knockdown significantly inhibited 
tumor weight (Fig. 3B). In the tumor tissues, the expression of 
CircSAMD4A was significantly reduced by sh‑CircSAMD4A 
(Fig. 3C). Moreover, compared with the sh‑NC group, PCNA 

Figure 1. CircSAMD4A is highly expressed in OS tissues and cell lines. (A) CircSAMD4A derived from back‑splicing of exon 2 of SAMD4A gene. (B) The exis-
tence of CircSAMD4A was detected in U2OS cells by RT‑qPCR with convergent or divergent primers and validated by Gel electrophoresis. (C) CircSAMD4A 
expression was detected in tumor tissues and normal tissues by RT‑qPCR. (D) CircSAMD4A expression was detected in OS cell lines (HOS and U2OS) and 
the human osteoblast cell line (hFOB 1.19) by RT‑qPCR. (E and F) CircSAMD4A and SAMD4A mRNA expression in both HOS and U2OS cell lines were 
detected by RT‑qPCR in the presence or absence of RNase R. *P<0.05, vs. hFOB 1.19 cells or mock; ns, not significant; OS, osteosarcoma.
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Figure 2. Knockdown of CircSAMD4A inhibits the migration, invasion and EMT, and promotes the cytotoxicity and apoptosis of OS cells. (A) CircSAMD4A 
expression of control, si‑NC, si‑CircSAMD4A#1 or si‑CircSAMD4A#2 groups was detected by RT‑qPCR. (B) MTT assay was applied to measure the cytotox-
icity of HOS and U2OS cells transfected with control, si‑NC si‑CircSAMD4A#1 and si‑CircSAMD4A#2. (C) The protein expression of Ki‑67 was measured 
in control, si‑NC, si‑CircSAMD4A#1 and si‑CircSAMD4A#2 groups in HOS and U2OS cells by western blot analysis. (D and E) Cell apoptosis of control, 
si‑NC si‑CircSAMD4A#1 and si‑CircSAMD4A#2 groups detected by flow cytometry in HOS and U2OS cells. (F) The protein expression of C‑caspase‑3 was 
detected in control, si‑NC si‑CircSAMD4A#1 and si‑CircSAMD4A#2 groups in HOS and U2OS cells by western blot analysis.
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protein expression was markedly reduced by CircSAMD4A 
downregulation, while the protein expression of C‑caspase‑3 
was markedly increased (Fig.  3D). Moreover, the protein 
expression of N‑cadherin and Vimentin in the sh‑Circ-
SAMD4A group was significantly lower than that in the 
sh‑NC group, while the protein expression of E‑cadherin was 

markedly higher than that in the sh‑NC group (Fig. 3E). These 
results revealed that the downregulation of CircSAMD4A 
significantly inhibited the tumor growth of OS in vivo.

miR‑342‑3p expression is inhibited in OS tissues and cells, 
and it is a target miRNA of CircSAMD4A in OS. Based on 

Figure 2. Continued. (G and H) Cell migration and invasion of control, si‑NC si‑CircSAMD4A#1 and si‑CircSAMD4A#2 groups were detected using 
Transwell assay in HOS and U2OS cells. (I and J) The protein expression of N‑cadherin, Vimentin and E‑cadherin of control, si‑NC si‑CircSAMD4A#1 
and si‑CircSAMD4A#2 groups was measured by western blot analysis in HOS and U2OS cells. *P<0.05, vs. respective control. OS, osteosarcoma; EMT, 
epithelial‑mesenchymal transition.
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Figure 4. miR‑342‑3p expression is decreased in OS tissues and cells, and miR‑342‑3p is a target miRNA of CircSAMD4A knockdown in OS. (A) miR‑342‑3p 
expression was detected in tumor tissues and normal tissues by RT‑qPCR. (B) Pearson's correlation analysis was used to verify the relationship between 
miR‑342‑3p and CircSAMD4A in tumor tissues. (C) miR‑342‑3p expression was detected in OS cell lines (HOS and U2OS) and the human osteoblast cell line 
(hFOB 1.19) by RT‑qPCR. (D) Putative sequences of miR‑342‑3p and CircSAMD4A. (E) CircSAMD4A expression in nucleus and cytoplasm in HOS and U2OS 
cells was detected by RT‑qPCR using Actin as marker in the cytoplasm and U2 as a marker to identify the nuclear compartment. (F) Dual‑luciferase reporter 
assay was applied to measure the luciferase activity of HOS and U2OS cells transfected with miR‑342‑3p or NC and CircSAMD4A‑wt or CircSAMD4A‑mut. 
(G) CircSAMD4A and mir‑342‑3p expression bound to Ago 2 antibody was detected by RIP assay. (H) miR‑342‑3p expression was detected in pcDNA‑NC, 
pcDNA‑CircSAMD4A, si‑NC and si‑CircSAMD4A groups by RT‑qPCR in HOS and U2OS cells. *P<0.05, vs. respective control. OS, osteosarcoma.

Figure 3. Knockdown of CircSAMD4A suppresses tumor growth in vivo. (A and B) Tumor volume and weight were calculated in vivo. (C) CircSAMD4A 
expression was inhibited by sh‑CircSAMD4A transfection, as shown by RT‑qPCR. (D and E) The protein expression of PCNA, C‑caspase‑3, N‑cadherin, 
Vimentin and E‑cadherin was detected in sh‑NC and sh‑CircSAMD4A groups. *P<0.05, vs. sh‑NC.
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bioinformatics analysis, the present study demonstrated 
that miR‑342‑3p contained a binding site of CircSAMD4A, 
predicting that miR‑342‑3p is a candidate target miRNA 
of CircSAMD4A (Fig.  4D). Thus, miR‑342‑3p expression 
was subsequently detected in OS tissues and cells. The 
data revealed that miR‑342‑3p expression was significantly 
decreased in OS tissues and cells, and that the miR‑342‑3p 
level negatively correlated with CircSAMD4A expression 
in OS (Fig. 4A‑C). Subsequently, nuclear and cytoplasmic 
separation experiments were performed using actin as a 
marker in the cytoplasm and U2 as a marker to identify the 

nuclear compartment, in order to determine the subcellular 
localization of CircSAMD4A in the nucleus and cytoplasm. 
The results indicated that the expression of CircSAMD4A 
in the cytoplasm was significantly higher than that in the 
nucleus in the HOS and U2OS cells (Fig. 4E). In addition, the 
dual‑luciferase reporter assay demonstrated that the luciferase 
activity was significantly decreased when miR‑342‑3p was 
bound to CircSAMD4A‑wt; however, there was no significant 
change in the luciferase activity when miR‑342‑3p was bound 
to CircSAMD4A‑mut in the HOS and U2OS cells (Fig. 4F). 
The experimental combination of RIP also demonstrated that 

Figure 5. Inhibition of miR‑342‑3p reverses the suppressive effects of si‑CircSAMD4A on the proliferation and EMT of OS cells. (A) CircSAMD4A expression 
of si‑NC, si‑CircSAMD4A#1, si‑CircSAMD4A#1+anti‑NC and si‑CircSAMD4A#1+anti‑miR‑342‑3p groups was detected by RT‑qPCR in HOS and U2OS 
cells. (B) MTT assay was applied to measure the cytotoxicity of HOS and U2OS cells transfected with si‑NC, si‑CircSAMD4A, si‑CircSAMD4A+anti‑NC 
and si‑CircSAMD4A+anti‑miR‑342‑3p. (C) The protein expression of Ki‑67 was detected in si‑NC, si‑CircSAMD4A#1, si‑CircSAMD4A#1+anti‑NC and 
si‑CircSAMD4A#1+anti‑miR‑342‑3p groups by western blot analysis. (D) Cell apoptosis of si‑NC, si‑CircSAMD4A#1, si‑CircSAMD4A#1+anti‑NC and 
si‑CircSAMD4A#1+anti‑miR‑342‑3p groups was detected by flow cytometry in HOS and U2OS cells. (E) The protein of C‑caspase‑3 was detected in 
si‑NC, si‑CircSAMD4A#1, si‑CircSAMD4A#1+anti‑NC and si‑CircSAMD4A#1+anti‑miR‑342‑3p groups in HOS and U2OS cells by western blot analysis. 
(F and G) Cell migration and invasion of si‑NC, si‑CircSAMD4A#1, si‑CircSAMD4A#1+anti‑NC and si‑CircSAMD4A#1+anti‑miR‑342‑3p groups was 
detected using Transwell assay in HOS and U2OS cells. (H and I) The protein expression of N‑cadherin, Vimentin and E‑cadherin of si‑NC, si‑CircSAMD4A#1, 
si‑CircSAMD4A#1+anti‑NC and si‑CircSAMD4A#1+anti‑miR‑342‑3p groups was measured by western blot analysis in HOS and U2OS cells. *P<0.05, vs. 
respective control. OS, osteosarcoma; EMT, epithelial‑mesenchymal transition.
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miR‑342‑3p is the target miRNA of CircSAMD4A in HOS 
and U2OS cells (Fig. 4G). Moreover, miR‑342‑3p expression 
in the pcDNA‑NC, pcDNA‑CircSAMD4A, si‑NC and si‑Circ-
SAMD4A groups was determined. The results revealed that 
CircSAMD4A overexpression suppressed the expression level 
of miR‑342‑3p, while CircSAMD4A knockdown promoted 
the miR‑342‑3p level in the HOS and U2SO cells (Fig. 4H). 
These data indicated that miR‑342‑3p was the target miRNA 
of CircSAMD4A in OS.

Inhibition of miR‑342‑3p reverses the suppressive effects 
of si‑CircSAMD4A on cell progression and EMT in OS 
cells. To further clarify the function of CircSAMD4A and 
miR‑342‑3p regulatory networks in OS cell progression, 
rescue experiments were conducted. The HOS and U2OS 
cells were transfected with si‑NC, si‑CircSAMD4A#1, 
si‑CircSAMD4A#1+anti‑NC or si‑CircSAMD4A#1+anti‑miR
‑342‑3p. miR‑342‑3p expression was significantly induced by 
the knockdown of CircSAMD4A; however, miR‑342‑3p inhib-

itor attenuated this effect (Fig. 5A). In addition, the results of 
MTT assay and Transwell assay revealed that the knockdown 
of CircSAMD4A significantly promoted cell cytotoxicity 
and inhibited cell migration and invasion, while these effects 
were impaired by miR‑342‑3p inhibition (Fig. 5B, F and G). 
Moreover, reducing CircSAMD4A expression significantly 
increased OS cells apoptosis, while this promotion effect 
was significantly harbored by miR‑342‑3p downregulation 
(Fig. 5D). The results of western blot analysis revealed that 
the knockdown of CircSAMD4A promoted the expression of 
C‑caspase‑3 and E‑cadherin, and inhibited the expression of 
Ki‑67, N‑cadherin and Vimentin; these effects were reversed 
by the inhibition of miR‑342‑3p (Fig. 5C, E, H and I). Overall, 
these findings demonstrate that CircSAMD4A regulates OS 
cell progression by targeting miR‑342‑3p.

FZD7 is a direct target gene of miR‑342‑3p in OS. It is well 
known that miRNAs can regulate the downstream target 
genes to affect cell growth. Moreover, FZD7, a Wnt signaling 

Figure 6. FZD7 is a direct target gene of miR‑342‑3p in OS. (A) FZD7 expression was detected in tumor tissues and normal tissues using qRT‑PCR. 
(B and C) Pearson's correlation analysis was used to verify the correlation among CircSAMD4A, miR‑342‑3p and FZD7 in tumor tissues. (D) FZD7 expres-
sion was detected in OS cell lines (HOS and U2OS) and human osteoblast cell line (hFOB 1.19) by RT‑qPCR. (E) The putative sequences of miR‑342‑3p 
and FZD7. (F) Dual‑luciferase reporter assay was applied to measure the luciferase activity of HOS and U2OS cells transfected with miR‑342‑3p or NC and 
FZD7‑wt or FZD7‑mut. (G) FZD7 and mir‑342‑3p expression bound to Ago 2 antibody was detected by RIP assay. (H) FZD7 expression in NC, miR‑342‑3p, 
miR‑342‑3p+pcDNA‑NC and miR‑342‑3p+pcDNA‑CircSAMD4A groups was detected by RT‑qPCR in HOS and U2OS cells. *P<0.05, vs. respective control. 
OS, osteosarcoma; FZD7, frizzled family receptor 7.
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receptor, has been confirmed as a carcinogenic factor in 
OS (29). The present study demonstrated that FZD7 was a 
potential target gene of miR‑342‑3p, with its 3'UTR containing 
the complement of miR‑342‑3p (Fig. 6E). In addition, it was 
found that FZD7 was highly expressed in OS tissues and 
cells (Fig. 6A and D). As illustrated in Fig. 6B and C, FZD7 
expression negatively correlated with the miR‑342‑3p level 
and positively correlated with CircSAMD4A expression. 
Moreover, the luciferase reporter assay demonstrated that 
when miR‑342‑3p was bound to FZD7‑wt 3'UTR, the lucif-
erase activity was significantly decreased (Fig. 6F). RIP assay 
revealed that FZD7 was enriched in the miR‑342‑3p groups 
(Fig. 6G). These results indicated that FZD7 was the target 
gene of miR‑342‑3p in the HOS and U2OS cells. In addition, 
FZD7 expression in the HOS and U2OS was significantly 
inhibited by miR‑342‑3p overexpression, while CircSAMD4A 
overexpression reversed the inhibitory effect of miR‑342‑3p 
on FZD7 expression (Fig. 6H). In summary, these results indi-
cated that FZD7 was a target gene of miR‑342‑3p.

The promotion of FZD7 attenuates the suppressive effects 
of miR‑342‑3p overexpression on cell progression and EMT 
in OS cells. To verify the effect of miR‑342‑3p and FDZ7 
regulatory networks on OS cells, recovery experiments 
were conducted. As illustrated in Fig.  7A, miR‑342‑3p 
overexpression inhibited FZD7 expression, and this effect 
was impaired by increasing FZD7 expression in HOS and 
U2OS cells. Furthermore, increasing miR‑342‑3p expres-
sion significantly inhibited the migration and invasion, 
and increased the cytotoxicity and apoptosis of HOS and 
U2OS cells, while these effects were attenuated by FZD7 
overexpression (Fig. 7B, D, F and G). Notably, miR‑342‑3p 
overexpression induced an increase in C‑caspase‑3, 
E‑cadherin protein expression, and a decrease in Ki‑67, 
N‑cadherin and Vimentin protein expression; however, 
these effects of miR‑342‑3p overexpression were reversed 
by FZD7 upregulation (Fig. 7C, E, H and I). Taken together, 
these findings demonstrate that miR‑342‑3p regulates OS 
cell growth and EMT by targeting FZD7.

Figure 7. The promotion of FZD7 attenuates the suppressive effects of miR‑342‑3p overexpression on the proliferation and EMT of OS cells. (A) FZD7 expres-
sion in NC, miR‑342‑3p, miR‑342‑3p+vector and miR‑342‑3p+FZD7 groups in HOS and U2OS cells was detected by RT‑qPCR. (B) MTT assay was applied to 
measure the cytotoxicity of HOS and U2OS cells transfected with NC, miR‑342‑3p, miR‑342‑3p+vector and miR‑342‑3p+FZD7. (C) Ki‑67 protein expression 
was detected in NC, miR‑342‑3p, miR‑342‑3p+vector and miR‑342‑3p+FZD7 groups in HOS and U2OS cells by western blot analysis. (D) Cell apoptosis was 
measured by flow cytometry in NC, miR‑342‑3p, miR‑342‑3p+vector and miR‑342‑3p+FZD7 groups in HOS and U2OS cells. (E) The protein of C‑caspase 3 
was detected in NC, miR‑342‑3p, miR‑342‑3p+vector and miR‑342‑3p+FZD7 groups in HOS and U2OS cells by western blot analysis. (F and G) Cell migration 
and invasion of NC, miR‑342‑3p, miR‑342‑3p+vector and miR‑342‑3p+FZD7groups was detected using Transwell assay in HOS and U2OS cells. (H and I) The 
protein expression of N‑cadherin, Vimentin and E‑cadherin of NC, miR‑342‑3p, miR‑342‑3p+vector and miR‑342‑3p+FZD7 groups was measured by western 
blot analysis in HOS and U2OS cells. *P<0.05, vs. respective control. OS, osteosarcoma; EMT, epithelial‑mesenchymal transition.
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Discussion

The diagnosis and treatment of OS have always been a main 
concern for researchers. The advancement of biotechnology 
and the development of next‑generation sequencing technology 
are likely to provide target therapy for OS. Cell proliferation, 
migration, and invasion are essential phenomena with respect 
to cancer cell metastasis and development. EMT is important 
in cancer metastasis and is closely associated with cancer cell 
migration, invasion and apoptosis. N‑cadherin, E‑cadherin and 
Vimentin proteins are important markers in the cellular EMT 
mechanism, which can reflect the degree of EMT in cells (30).

Cyclic RNAs have been found to be involved in tumor 
progression in various cancer types. Circular RNAs have been 
confirmed to exert various effects, including functioning as 
biomarkers to improve the diagnostic efficiency and serving as 
a regulatory factor in OS progression (12,31‑33). In the study 
by Liu et al, it was reported that circNT52 functioned as an 
oncogene to regulate OS cell proliferation and metastasis by 
sponging miR‑448 (34). CircSAMD4A has been reported to 
be highly expressed in OS and to regulate cell proliferation 
by targeting the miR‑1244/MDM2 axis (27). In this study, 
CircSAMD4A was identified to exhibit a significant high 
expression in OS tissues and cells. CircSAMD4A deletion 
significantly attenuated the ability of cell metastasis, and 
promoted cytotoxicity and apoptosis in OS in vitro. In addi-
tion, the suppressive effect of CircSAMD4A knockdown 
on OS tumor growth was confirmed in an experiment on 
nude mice. These data proved that the downregulation of 
CircSAMD4A suppressed OS progression in  vitro and 
in vivo. According to the results, CircSAMD4A expression 
was increased in OS tissues and cells, and CircSAMD4A 
silencing inhibited proliferation in OS (27). Moreover, the 
present study revealed that miR‑342‑3p was a target miRNA 
of CircSAMD4A. miR‑342‑3p has been demonstrated to be 
involved in cellular growth in cancers, including pancreatic 
cancer, hepatocellular carcinoma, prostate cancer and cervical 
cancer  (35‑38). Zhang et al reported that miR‑342‑3p was 
downregulated in OS tissues and inhibited cell progression by 
targeting AEG‑1 (39). However, the regulatory mechanism of 
miR‑342‑3p in OS has not been fully elucidated. The present 
study revealed that miR‑342‑3p expression was decreased in 
OS, a finding which is in accordance with the previous study 
by Zhang et al  (39). miR‑342‑3p overexpression inhibited 
OS cell growth and metastasis. Moreover, the inhibition of 
miR‑342‑3p reversed the inhibitory effects of CircSAMD4A 
deletion on OS cell progression. Thus, CircSAMD4A affected 
OS cell growth and EMT by modulating miR‑342‑3p.

Finally, the present study also demonstrated that FZD7 was 
a target gene of miR‑342‑3p. A number of studies have indicated 
that FZD7 is an important regulator in the cellular mechanism 
of cancers (40‑42). For example, FZD7 overexpression can 
induce cell proliferation in glioma (43). Moreover, FZD7 has 
been verified to be a novel prognostic marker and ti contribute 
to the regulation of tumor metastasis (44). In addition, FZD7 
has also been shown to be associated with resistance and prog-
nosis (45,46). This study revealed that FZD7 was upregulated 
in OS tissues and cells. The accumulation of FDZ7 reversed 
the inhibitory effects of miR‑342‑3p overexpression on cell 
growth and metastasis in OS, suggesting that CircSAMD4A 

regulates OS progression by sponging miR‑342‑3p to modu-
late FDZ7 expression.

In conclusion, the present study demonstrated that 
CircSAMD4A affected cell cytotoxicity, invasion, apoptosis, 
migration and EMT by regulating the miR‑342‑3p/FDZ7 axis 
in OS, thereby providing a novel regulatory mechanism of OS 
and a potential therapeutic target for OS.
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