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Abstract.
BACKGROUND: Circular RNAs (circRNAs) perform key regulatory functions in osteosarcoma (OS) tumorigenesis. In this
study, we aimed to explore the detailed action mechanisms of circ_0049271 in OS progression.
METHODS: Cell colony formation, cell counting kit-8, and transwell assays were performed to assess the proliferation and
invasion of OS cells. Quantitative reverse transcription-polymerase chain reaction and western blotting were used to determine the
expression levels of polymerase 1 and transcript release factor (PTRF), microRNA (miR)-1197, and circ_0049271 in OS cells.
Furthermore, RNA immunoprecipitation and dual luciferase assays were conducted to explore the targeted relationships among
PTRF, miR-1197, and circ_0049271. Finally, a tumor formation assay was conducted to determine the effects of circ_0049271 on
in vivo tumor growth in mice.
RESULTS: High expression levels of miR-1197 and low levels of circ_0049271 and PTRF were observed in OS cells. circ
_0049271 targeted miR-1197 to mediate PTRF expression. Moreover, the proliferation and invasion of OS cells were repressed by
circ_0049271 or PTRF overexpression and increased by miR-1197 upregulation. Enforced circ_0049271 also impeded tumor
growth in vivo. Upregulation of miR-1197 reversed the antitumor effects of circ_0049271 on OS progression in vitro; however,
PTRF overexpression attenuated the cancer-promoting effects of miR-1197 on OS in vitro.
CONCLUSIONS: Our findings revealed that circ_0049271 targeted the miR-1197/PTRF axis to attenuate the malignancy of OS,
suggesting a potential target for its clinical treatment.
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1. Introduction1

Osteosarcoma (OS) is a highly destructive bone ma-2

lignancy [1]. The focal zone of OS is in the metaphysis3
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E-mail: huizhang526@163.com.

of long bones, where active bone repair and growth oc- 4

cur [2]. Surgical amputation is a key treatment method 5

for OS; however, it causes disability and leads to recur- 6

rence [3,4]. Although significant progress in chemother- 7

apy and radiotherapy has improved the five-year sur- 8

vival rate to approximately 70%, adverse side effects 9

may be observed in patients with OS [5,6,7]. Therefore, 10

understanding the pathogenesis of OS is necessary to 11

develop robust strategies for its treatment. 12

ISSN 1574-0153 c© 2024 – The authors. Published by IOS Press. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (CC BY-NC 4.0).

https://creativecommons.org/licenses/by-nc/4.0/


co
rre

cte
d p

roo
f v

ers
ion

Galley Proof 28/03/2024; 16:36 File: cbm–1-cbm230191.tex; BOKCTP/yn p. 2

2 Y. Wen et al. / Mechanism of circ_0049271 in osteosarcoma

Circular RNAs (circRNAs) are non-coding RNAs13

(ncRNAs) with a closed covalent loop structure [8,9].14

Lacking 5’-caps and 3’-tails, circRNAs exhibit exonu-15

clease resistance, making them more stable than linear16

RNAs [10]. The regulatory functions of circRNAs in17

various cancer types, including OS, have attracted at-18

tention [11,12]. For example, Yang et al. reported that19

patients with OS with distant metastases and large tu-20

mors exhibit high circ_001422 expression [13]. Jiang et21

al. reported low levels of circ_0000658 in OS cells and22

tissues [14]. Guan et al. reported that circ_0008259 was23

underexpressed in OS and that its overexpression dis-24

tinctly represses the metastasis and proliferation of OS25

cells [15]. circ_0049271 is downregulated in non-small26

cell lung cancer (NSCLC), exhibiting diagnostic value27

in distinguishing patients with NSCLC from healthy28

subjects [16]. Diminished circ_0049271 expression is29

closely correlated to the poor prognosis of patients with30

lung adenocarcinoma [17,18]. He et al. analyzed the31

differentially expressed circRNAs in OS and reported32

poor circ_0049271 expression, suggesting its role as33

a tumor-suppressive circRNA in OS progression [19].34

However, the specific functions and regulatory mech-35

anisms of circ_0049271 in OS tumorigenesis remain36

unclear.37

MicroRNAs (miRNAs) are highly conserved ncR-38

NAs that modulate post-transcriptional functions by39

binding to the 3′-untranslated region of their target40

mRNAs [20,21]. Recently, many studies have demon-41

strated the vital functions of miRNAs in the progres-42

sion of OS. For example, miR-21 is expressed at low43

levels in OS and is an effective biomarker for the44

onset of OS tumorigenesis [22]. Low miR-505 lev-45

els have been reported in OS serum and tissues [23].46

miR-505 upregulation inhibits the proliferation and in-47

duces the apoptosis of OS cells [23]. miRNAs, such48

as miR-421 [24], miR-487a [25], and miR-628-5p49

[26], are overexpressed in OS and considered as onco-50

genes for OS progression. Moreover, regulatory mech-51

anisms of various circRNA–miRNA networks, such52

as circ_0046264–miR-940 [27], circ_0000527–miR-53

646 [28], and circ_0001721–miR-372-3p [29], have54

been widely investigated in the occurrence and progres-55

sion of OS. miR-1197 interacts with circRNAs in sev-56

eral human cancers, including circ_0075542 in prostate57

cancer (PC) [30], circ_0004018 in hepatocellular carci-58

noma (HCC) [31], and circ_0000429 in NSCLC [32].59

However, whether circ_0049271 modulates the role of60

miR-1197 in OS progression remains unclear.61

In this study, we investigated the biological func-62

tions of circ_0049271 in OS and explored its regulatory63

mechanisms via the miR-1197/polymerase 1 and tran- 64

script release factor (PTRF) axis. Our results highlight 65

a promising new therapeutic target for OS treatment. 66

2. Methods 67

2.1. Sources of reagents, cells, and animals 68

hFOB 1.19 osteoblasts and human-derived OS cell 69

lines (HOS and Saos-2) were purchased from Pro- 70

cell Life Science & Technology Co., Ltd. (Wuhan, 71

China). Another human SW1353-derived OS cell line 72

was provided by the BeNa Culture Collection (Bei- 73

jing, China). Lipofectamine 3000, fetal bovine serum 74

(FBS), McCoy’s 5A medium, Dulbecco’s Modified 75

Eagle’s Medium (DMEM), and L-15 medium were 76

purchased from Procell Life Science & Technology 77

Co., Ltd. Cytoplasmic and nuclear RNA purification 78

kits were acquired from Norgen BioTek (Thorold, 79

Canada). RNase R was purchased from Geneseed 80

Biotech (Guangzhou, China). An RNA extraction Kit 81

(Cwbio, Beijing, China), an Evo m-mlv reverse tran- 82

scription reagent, and a SYBR green Kit (Accyrate 83

Biology, Changsha, China) were used for quantitative 84

reverse transcription-polymerase chain reaction (qRT- 85

PCR). The Magna RIP RNA-Binding Protein Immuno- 86

precipitation Kit was purchased from Millipore (Biller- 87

ica, MA, USA). Cell counting kit-8 (CCK-8), crystal 88

violet, and Matrigel were obtained from Solarbio (Bei- 89

jing, China). Primary antibodies against PTRF (Cat# 90

ab76919) and glyceraldehyde 3-phosphate dehydro- 91

genase (GAPDH; Cat# ab8245) and horseradish per- 92

oxidase (HRP)-conjugated secondary antibodies (Cat# 93

ab6759) for western blotting were purchased from 94

Abcam (Cambridge, UK). Genomeditech (Shanghai, 95

China) synthesized the pcDNA3.1-circ-circ_0049271 96

overexpression vector (OE-circ), pcDNA3.1-PTRF, 97

pcDNA3.1 empty vector (OE-NC), miR-1197 mimic 98

(mimic), and mimic-NC. Tumor xenograft models were 99

established using four-week-old BALB/c nude mice 100

(20–26 g) obtained from Charles River Laboratories 101

(Sulzfeld, Germany). 102

2.2. Cell culture 103

HOS and hFOB 1.19 cells were cultivated in DMEM 104

containing 1% penicillin/streptomycin and 10% FBS. 105

Saos-2 cells were cultured in McCoy’s 5A medium sup- 106

plemented with 1% penicillin/streptomycin and 15% 107

FBS. SW1353 cells were cultured in L-15 medium sup- 108
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Table 1
Real-time PCR primer list

Gene Sequences
circ_0049271 Forward 5′-AACTTCGCTGAGCAGATTGG-3′

Reverse 5′-GCATGGGGTTCCAGAAG ATA-3′

miR-1197 Forward 5′-TCCTGGTATTTGAAGATGCGGT-3′

Reverse 5′-AGTAGACCATGTGTCCTACGTC-3′

SPOCK1 Reverse 5′-AAAGCACAAGGCAGAAAGGA-3′

Reverse 5′-GGGTCAAGCAGGAGGTCATA-3′

PTRF Forward 5′-GAGCTGTTAGGACCCGATGG-3′

Reverse 5′-CCTTCCCATTCCACTCGGAC-3′

TIMP3 Reverse 5′-AGCGCAAGGGGCTGAACTATCG-3′

Forward 5′-CGGGTAGCCGAAATTGGAGAGC-3′

U6 Forward 5′-CTCGCTTCGGCAGCACA-3′

Reverse 5′-AACGCTTCACGAATTTGCGT-3′

GAPDH Forward 5′-AGAAAAACCTGCCAAATATGATGAC-3′

Reverse 5′-TGGGTGTCGCTGTTGAAGTC-3′

plemented with 1% penicillin/streptomycin and 10%109

FBS. The cultures were all maintained in an incubator110

at 37◦C with 5% CO2. The cells were cultured until111

the logarithmic growth phase and then collected for112

subsequent experiments.113

2.3. Cell transfection114

Lipofectamine 3000 was used to transfect 2 µg OE-115

circ, 2 µg OE-PTRF, 2 µg OE-NC, 50 nM mimic, and116

50 nM mimic-NC into 1 × 106 HOS and SW1353 cells117

when cell confluency was more than 50%. The cells118

were incubated for 48 h and collected for subsequent119

experiments.120

2.4. Measurement of cell proliferation121

Next, the viabilities of SW1353 and HOS cells were122

assessed via the CCK-8 assay. Briefly, 1 × 104 cells123

transfected with SW1353 or HOS were inoculated into124

a 96-well plate and incubated for 0, 24, 48, and 72 h at125

37◦C with 5% CO2. Approximately 15 µL of CCK-8126

solution was added to the corresponding wells, and the127

cells were incubated for 3 h at 37◦C. OS cell viabil-128

ity was analyzed at 450 nm using a microplate reader129

(DeTie Laboratory Equipment, Nanjing, China).130

Cell numbers were estimated using a cell colony131

experiment. HOS and SW1353 cells in a 6-well plate132

(3 × 102 cells/well) were incubated for two weeks. The133

medium was replaced every two days. Subsequently,134

the cells were washed, immobilized, stained, and kept135

at 25◦C. Finally, photographs of cell colonies were136

captured using the Olympus light microscope (Tokyo,137

Japan).138

2.5. Transwell invasion assay139

SW1353 and HOS cells (2 × 105 cells/well) were140

cultured in the Matrigel-precoated upper chambers141

filled with DMEM without FBS. The bottom chambers 142

were filled with DMEM with 10% FBS. After incuba- 143

tion for 24 h, invasive OS cells were stained with 0.5% 144

crystal violet, and three randomly selected fields were 145

photographed using the Olympus light microscope. 146

2.6. Western blotting assay 147

Total protein was extracted from 2 × 106 HOS and 148

SW1352 cells after cell lysis with the radioimmunopre- 149

cipitation assay buffer, followed by total protein quan- 150

tification using the BCA kit (Beyotime, China). Pro- 151

teins (20 µg) were subjected to electrophoresis on a 152

10% sodium dodecyl sulfate-polyacrylamide gel and 153

transferred to polyvinylidene fluoride membranes us- 154

ing a protein marker (10–200 kD; Beyotime). Subse- 155

quently, 5% fat-free milk was used to block the mem- 156

branes, which were incubated with anti-PTRF (1:5000) 157

and anti-GAPDH (1:2000) antibodies overnight at 158

4◦C. Then, the membranes were incubated with HRP- 159

conjugated secondary antibodies (1:20000) at 25◦C for 160

2 h. An enhanced chemiluminescence detection kit (Be- 161

yotime) was used for band visualization, and GAPDH 162

was used for normalization. 163

2.7. qRT-PCR 164

Total RNAs from OS samples and cell lines (1 × 165

106 cells) were isolated using an RNA extraction kit. 166

The First-Strand cDNA Synthesis Kit was used to syn- 167

thesize cDNA. PCR was performed using the Applied 168

Biosystems (ABI) 7500 Real-Time PCR System with 169

the SYBR Green FAST Mastermix Kit. Table 1 pro- 170

vides all primers used in this study based on the pre- 171

vious literature [33,34,35,36] and the National Center 172

of Biotechnology Information database. Then, expres- 173
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sion levels of circ_0049271, miR-1197, and PTRF were174

computed via the 2−∆∆Ct approach. U6 and GAPDH175

were used for normalization.176

2.8. Subcellular location analysis177

The cytoplasmic and nuclear RNAs of SW1353 and178

HOS cells (1 × 106 cells) were separated using the179

Cytoplasmic and Nuclear RNA Purification Kit. Sub-180

sequently, purified RNAs were subjected to qRT-PCR.181

U6 and GAPDH were used as the controls for nuclei182

and cytoplasm, respectively.183

2.9. RNase R treatment184

RNAs extracted from the SW1353 and HOS cells (1185

× 106 cells) were mixed with RNase R (3 U/µg) for186

1 h at 37◦C. Then, expression levels of circ_0049271187

and its linear gene, kelch-like ECH-associated protein188

1 (KEAP1), were assessed via qRT-PCR.189

2.10. RNA immunoprecipitation (RIP) assay190

HOS and SW1353 cells (1 × 106 cells) were mixed191

with the RIP lysis buffer in a magnetic bead suspension192

and conjugated with anti-Ago2 or anti-IgG (5 µg/µL)193

overnight. After protein digestion and RNA purification,194

the levels of circ_0049271, miR-1197, miR-620, and195

miR-1270 were determined via qRT-PCR.196

2.11. Bioinformatics analysis197

Two online databases, starBase (https://rnasysu.com/198

encori/) and CircInteractome (https://circinteractome.199

nia.nih.gov/index.html), were used to predict the miRNA200

binding to circ_0049271. Another database, TargetScan201

(https://www.targetscan.org/vert_71/), was used to pre-202

dict the target genes of miR-1197. In addition, an mRNA203

microarray (GSE12865) from Gene Expression Om-204

nibus was used to confirm the downregulated genes in205

OS samples with adj. P < 0.01 and logFC <–2. Finally,206

Venny 2.1.0 (https://bioinfogp.cnb.csic.es/tools/venny/)207

was used to overlap the common miRNAs or genes208

from different databases.209

2.12. Dual-luciferase reporter assay210

To create mutant (MUT) and wild-type (WT) circ_211

0049271/PTRF, we inserted miR-1197-binding sites212

on circ_0049271/PTRF sequences into pGL3 vectors.213

Recombinant vectors and mimic/mimic-NC were intro-214

duced into HOS and SW1353 cells (> 50% cell conflu-215

ency). Then, the Promega Dual-Glo Luciferase Assay216

System (Madison, WI, USA) was used to measure the217

luciferase activity.218

2.13. Murine xenograft model 219

OE-circ or OE-NC lentiviral vector was introduced 220

into SW1353 cells (1 × 105 cells), which were subcu- 221

taneously injected into the right flank of each mouse 222

(n = 5/group). Tumor volume was computed every 223

four days. After four weeks, euthanasia was performed 224

before extracting and weighing the tumor xenografts. 225

2.14. OS sample collection 226

Nineteen individuals diagnosed with OS by two 227

pathologists using computed tomography and a surgical 228

biopsy were enrolled in this study. Tumors and matched 229

normal tissues (> 5 cm from the tumor) were acquired 230

via surgery. The inclusion criteria for patients with OS 231

were as follows: 1) patients initially diagnosed with 232

OS in our hospital; 2) patients with OS who did not 233

receive any treatment before surgery; and 3) patients 234

who signed the informed consent forms for inclusion in 235

this study. The exclusion criteria for patients with OS 236

were as follows: 1) patients with recurrent OS; and 2) 237

patients with other diseases. The collected OS speci- 238

mens were stored at −80◦C until use. All participants 239

or their guardians provided written informed consent 240

for inclusion in this study. All experimental procedures 241

were approved by the ethics committee of the Fifth 242

Hospital of Wuhan (approval number: 2022-11-07). 243

2.15. Statistical analyses 244

Data are represented as the mean ± standard devi- 245

ation. All data were analyzed using the SPSS v.22.0 246

software. Pearson’s correlation coefficient was used for 247

linear correlation analysis. Differences between groups 248

were analyzed using the Student’s t-test. In contrast, 249

those among more than two groups were analyzed us- 250

ing the analysis of variance followed by Tukey’s post- 251

hoc or Sidak’s multiple comparisons tests. Statistical 252

significance was set at P < 0.05. 253

3. Results 254

3.1. Circ_0049271 is underexpressed in OS 255

Here, circ_0049271 expression levels were consider- 256

ably lower in tumor tissues than in the corresponding 257

normal tissues (Fig. 1A). Moreover, circ_0049271 was 258

underexpressed in SW1353, HOS, and Saos-2 OS cells 259

relative to its expression in hFOB1.19 cells (Fig. 1B). 260
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Fig. 1. Circ_0049271 is under-expressed in OS. (A) Circ_0049271 levels in OS normal and tumoral tissues were estimated through qRT-PCR. P <
0.0001 vs. normal. (B) Circ_0049271 levels in hFOB1.19 cells and OS cell lines were quantified through qRT-PCR. ∗∗P < 0.01 vs. hFOB1.19
cells. (C) Relative circ_0049271 expressions within the nuclei and cytoplasm of SW1353 and HOS cells as quantified through subcellular
localization analysis. (D) The levels of circ_0049271 and the corresponding linear KEAP1 in total cellular RNA incubated with RNase R. ∗∗P <
0.01 vs. control.

Therefore, SW1353 and HOS cells were selected for261

subsequent experiments. A subcellular localization as-262

say revealed that circ_0049271 was mainly localized263

in the cytoplasm (Fig. 1C). To corroborate its circular264

features, circ_0049271 and its linear transcript, KEAP1,265

were treated with RNase R. As shown in Fig. 1D, unlike266

KEAP1, circ_0049271 exhibited resistance to RNase R267

digestion. These findings suggest that circ_0049271 is268

underexpressed and functions as a competing endoge-269

nous RNA (ceRNA) in OS.270

3.2. Enforced circ_0049271 suppresses the invasion271

and proliferation of OS cells in vitro and tumor272

growth in vivo273

To verify the effects of circ_0049271 on OS cells, it274

was overexpressed by transfecting SW1353 and HOS275

cells with OE-circ (Fig. 2A). As shown in Fig. 2B, 276

the viability of OS cells decreased markedly after 277

circ_0049271 overexpression. Moreover, circ_0049271 278

overexpression reduced the number of OS cell colonies 279

(Fig. 2C) and suppressed the invasion of SW1353 and 280

HOS cells (Fig. 2D). In addition, analysis of the influ- 281

ence of circ_0049271 on solid tumor growth revealed 282

that the injection of stably overexpressing circ_0049271 283

drastically diminished the tumor volume and weight 284

in SW1353 cells (Fig. 2E). Therefore, circ_0049271 285

represses OS tumorigenesis in vivo and in vitro. 286

3.3. Circ_0049271 binds to miR-1197 287

To confirm miRNA binding to circ_0049271, star- 288

Base and circInteractome databases were used to pre- 289

dict the binding of three miRNAs (miR-1197, miR-620, 290
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Fig. 2. Enforced circ_0049271 suppresses the invasion and proliferation of OS cells in vitro as well as the growth of tumors in vivo. (A)
Circ_0049271 levels in HOS and SW1353, following their OE-circ/NC transfection, were estimated through quantitative RT-PCR. ∗∗P < 0.01 vs.
OE-NC. The viability (B) and colony numbers (C) of SW1353 and HOS cells harboring either OE-circ/NC were assessed through the CCK-8 and
colony formation experiments. ∗P < 0.05, ∗∗P < 0.01 vs. OE-NC. (D) The invasive capacity of SW1353 and HOS as assessed in the transwell
experiment. ∗∗P < 0.01 vs OE-NC. (E) Representative image, volume, and weight of xenograft tumors after injecting the mice with SW1353
cells stably expressing OE-circ/NC. ∗∗P < 0.01 vs. OE-NC.

and miR-1270) to circ_0049271 (Fig. 3A). RIP assays291

of SW1353 and HOS cells revealed that, compared to292

miR-620 and miR-1270, circ_0049271 and miR-1197293

were principally enriched by Ago2 antibodies (Fig. 3B).294

As shown in Fig. 3C, the circInteractome revealed bind-295

ing sites between circ_0049271 and miR-1197. More-296

over, the luciferase reporter assay indicated no obvious297

changes in the luciferase activity of the circ_0049271298

MUT plus mimic and circ_0049271 MUT plus mimic-299

NC groups. Luciferase activity in the circ_0049271 WT300

plus mimic group was significantly lower than that in301

the circ_0049271 WT plus mimic-NC group (Fig. 3D).302

Relative to the respective NCs, elevated levels of miR-303

119 were detected in OS tissues (Fig. 3E) and cell lines304

(Fig. 3F). Circ_0049271 expression exhibited an in-305

verse linear correlation with miR-1197 expression in306

OS tissues (Fig. 3G). Mimic/mimic-NC was introduced 307

into SW1353 and HOS cells to verify this regulatory re- 308

lationship. As illustrated in Fig. 3H, miR-1197 expres- 309

sion levels increased after mimic transfection and de- 310

creased after OE-circ transfection. Furthermore, trans- 311

fection with a mimic partially attenuated the repressive 312

effect of OE-circ on miR-1197 expression. Therefore, 313

circ_0049271 targets miR-1197, and these two exhibit a 314

negative regulatory relationship with each other in OS. 315

3.4. Circ_0049271 overexpression abates the 316

proliferation and invasion of OS cells via 317

miR-1197 modulation 318

Rescue experiments investigated the interaction be- 319

tween circ_0049271 and miR-1197 in SW1353 and 320
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Fig. 3. Circ_0049271 binds to miR-1197. (A) starBase and circInteractome predicted the miRNAs binding to circ_0049271. (B) RIP experiment
was accomplished to verify the interaction of miR-1197/miR-620/miR-1270 with circ_0049271. ∗∗P < 0.01 vs Anti-IgG. (C) The binding sites
between miR-1197 and circ_0049271. (D) The luciferase activities in HOS and SW1353 transfected with a combination of a pGL3-circ_0049271
WT/MUT and either a miR-1197 mimic/NC were gauged through the dual luciferase experiment. ∗∗P < 0.01 vs. circ_0049271 WT + mimic-NC.
(E) The miR-1197 levels in OS normal and tumoral tissues were analyzed via quantitative RT-PCR. P < 0.0001 vs. normal. (F) MiR-1197
levels in hFOB1.19 cells and OS cell lines were estimated through quantitative RT-PCR. ∗∗P < 0.01 vs hFOB1.19 cells. (G) The correlation
of miR-1197 expression with that of circ_0049271 in OS tissues was ascertained through the Pearson correlation coefficient. (H) MiR-1197
expression in SW1353 and HOS cells, after their OE-circ, OE-NC, mimic, mimic-NC, or OE-circ + mimic transfection, were quantified via
qRT-PCR. ∗∗P < 0.01 vs. OE-NC. ##P < 0.01 vs. mimic-NC. &&P < 0.01 vs. OE-circ + mimic.

HOS cells. Overexpression of miR-1197 distinctly en-321

hanced the viability (Fig. 4A), number (Fig. 4B), and322

invasion (Fig. 4C) of SW1353 and HOS cells. Impaired323

proliferation and invasion of OS cells caused by en-324

forced circ_0049271 were considerably reversed by325

miR-1197 upregulation (Fig. 4A–C). These findings im-326

ply that circ_0049271 acts as a ceRNA of miR-1197 in 327

OS progression. 328

3.5. PTRF is a target of miR-1197 329

TargetScan was used to identify the target genes 330

of miR-1197. An mRNA microarray (GSE12865) was 331
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Fig. 4. Circ_0049271 overexpression prohibits the invasion and proliferation of cells through miR-1197 modulation in OS. The viability (A) and
colony numbers (B) of SW1353 and HOS cells transfected with OE-circ, OE-NC, mimic, mimic-NC, or OE-circ + mimic were measured by
means of the CCK-8 and colony formation experiments. (C) SW1353 and HOS cell invasion was evaluated through the transwell experiment.
#P < 0.05; ##P < 0.01 vs. mimic-NC. &P < 0.05; &&P < 0.01 vs. OE-circ + mimic. ∗P < 0.05; ∗∗P < 0.01 vs. OE-NC.

used to identify the downregulated genes in OS samples.332

Using Venny 2.1.0, three genes (SPOCK1, PTRF, and333

tissue inhibitor of metalloproteinase 3 [TIMP3]) over-334

lapped between the TargetScan and GSE12865 datasets335

(Fig. 5A). qRT-PCR revealed that only PTRF expres-336

sion was reduced and inversely correlated with miR-337

1197 expression in OS tissues (Fig. 5B–C). Therefore,338

PTRF was selected for further investigation. Figure 5D339

shows the TargetScan-predicted binding site of miR-340

1197 on PTRF. Luciferase reporter assays revealed341

that combining PTRF WT and mimic markedly dimin-342

ished the luciferase activity in SW1353 and HOS cells.343

However, luciferase activity was barely affected by the344

combination of PTRF MUT and mimic or mimic-NC345

(Fig. 5E). Reduced PTRF expression was detected in346

OS cell lines (Fig. 5F). Western blotting revealed that347

OE-PTRF transfection markedly elevated PTRF protein348

levels. In contrast, mimic transfection reduced PTRF349

production in SW1353 and HOS cells (Fig. 5G). More-350

over, decreased PTRF protein levels via mimic trans- 351

fection were reversed by transfecting OE-PTRF into 352

SW1353 and HOS cells (Fig. 5G). These data suggest 353

that miR-1197 targets PTRF and inversely modulates 354

its expression. 355

3.6. miR-1197/PTRF axis is associated with the 356

proliferation and invasion of OS cells 357

Next, the interaction between miR-1197 and PTRF 358

during OS progression was verified in vitro. High levels 359

of PTRF decreased the viability (Fig. 6A) and colony 360

number (Fig. 6B) of OS cells. Moreover, PTRF over- 361

expression inhibited OS cell invasion (Fig. 6C). PTRF 362

overexpression further attenuated the promotive effect 363

of miR-1197 upregulation on the proliferation and in- 364

vasion of OS cells (Fig. 6A–C). Our data suggest that 365

miR-1197 interacts with PTRF during OS progression. 366
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Fig. 5. MiR-1197 targets PTRF. (A) Three genes were overlapped from TargetScan and GSE12865. (B) The levels of SPOCK1, PTRF, and TIMP3
in OS normal and tumoral tissues were estimated via quantitative RT-PCR. P < 0.0001 vs. normal. (C) The correlation between the miR-1197
and PTRF expressions in OS tissues was ascertained through Pearson correlation coefficient. (D) TargetScan predicted a miR-1197 – PTRF
binding site. (E) The target relationship of miR-1197 with PTRF was verified through the dual luciferase experiment. ∗∗P < 0.01 vs PTRF WT +
mimic-NC. (F) PTRF levels in hFOB1.19 cells and OS cell lines were gauged through qRT-PCR. ∗∗P < 0.01 vs. hFOB1.19 cells. (G) The levels
of PTRF proteins in HOS and SW1353, after their OE-PTRF, OE-NC, mimic, mimic-NC, or OE-PTRF + mimic transfection, were analyzed via
western blotting. #P < 0.05, ##P < 0.01 vs. mimic-NC. ∗∗P < 0.01 vs. OE-NC. &P < 0.05, &&P < 0.01 vs. OE-PTRF + mimic.

4. Discussion367

OS is a malignant bone tumor that originates from368

bone mesenchymal stem cell lesions [37,38]. Identi-369

fication of effective approaches to prevent metastasis370

and excessive growth is important for the clinical treat-371

ment of OS. Our data revealed that circ_0049271 ex-372

pression was reduced in OS and that its overexpression 373

attenuated OS tumorigenesis. In addition, circ_0049271 374

prevented OS progression by interacting with the miR- 375

1197/PTRF axis. 376

Various circRNAs, such as circ_0000190 and circ_ 377

0008259 [15,39], are aberrantly expressed in OS. They 378

are downregulated in OS tissues and are regarded 379
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Fig. 6. MiR-1197/PTRF axis is associated with the abilities of OS cells to invade and proliferate. The viability (A) and colony numbers (B) of
SW1353 and HOS cells carrying OE-PTRF, OE-NC, mimic, mimic-NC, or OE-PTRF + mimic were evaluated through the CCK-8 and colony
formation experiments. (C) SW1353 and HOS cell invasion was assessed by means of the transwell experiment. #P < 0.05, ##P < 0.01 vs.
mimic-NC. ∗P < 0.05, ∗∗P < 0.01 vs. OE-NC. &P < 0.05, &&P < 0.01 vs. OE-PTRF + mimic.

as inhibitors of OS progression [15,39]. In contrast,380

circ_0010220 and circ_0032462 are overexpressed and381

act as oncogenes during OS tumorigenesis [40,41].382

The data in this study indicate that circ_0049271 is383

underexpressed in OS cells and tissues. Our results384

lend credence to an earlier study by He et al., wherein385

they performed bioinformatics analyses to detect low386

circ_0049271 expression in OS [19]. In our study, we387

pointed out that overexpression of circ_0049271 ex-388

erted repressive effects on cell invasion and prolifera-389

tion. Moreover, we discovered that the upregulation of390

circ_0049271 hindered tumor growth in a mouse model.391

These results suggest that circ_0049271 may function392

as an anticancer circRNA in OS by suppressing cell393

invasion and growth.394

Many studies have shown that miR-1197 has var-395

ious regulatory functions in human cancers. For ex-396

ample, miR-1197 overexpression, which plays an im-397

portant role in the tumorigenicity of the two cancers,398

has been observed in PC and HCC [30,31]. However,399

in the tumorigenesis of NSCLC, low expression lev-400

els of miR-1197 have been detected during NSCLC401

tumorigenesis [32,42]. In this study, we observed el- 402

evated miR-1197 levels in OS cells and tissues. This 403

suggests that miR-1197 may be a risk factor for ex- 404

pediting the carcinogenicity of OS cells. CircRNA– 405

miRNA crosstalk has crucial regulatory effects on the 406

onset and development of OS [27,28,29]. miR-1197 has 407

been confirmed to be modulated by circ_0075542 [30], 408

circ_0004018 [31], and circ_0000429 [32] to affect the 409

progression of various cancers except for OS. There- 410

fore, we speculated that miR-1197 may be correlated 411

with circ_0049271 in OS progression. CircInterac- 412

tome revealed a circ_0049271–miR-1197 binding site, 413

implying that miR-1197 is a downstream target of 414

circ_0049271. To a certain extent, this result substan- 415

tiates our hypothesis. Further rescue experiments re- 416

vealed that overexpression of miR-1197 reversed the 417

inhibitory effects of circ_0049271 upregulation on the 418

invasive and proliferative potential of OS cells to a great 419

extent. This finding supports the aforementioned hy- 420

pothesis. Hence, we suggest that circ_0049271–miR- 421

1197 crosstalk attenuates the malignancy of OS. 422

PTRF, named cavin-1, partakes in cellular processes 423

by acting as a membrane sensor [43]. However, the 424
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specific role of PTRF in cancer progression remains425

unclear. Multiple studies suggest that PTRF serves as a426

tumor inhibitor, as its underexpression is accompanied427

by the development of breast [44] and lung [45] can-428

cers. In contrast, recent studies have reported its cancer-429

promoting roles in glioma and pancreatic cancer [46,430

47]. This study detected poor PTRF expression in OS431

cells and tissues. A recent study by Huertas-Martínez432

et al. revealed poor expression of PTRF in Ewing sar-433

coma, a type of primary bone tumor mainly occurring434

in adolescents [48]. These findings suggest that PTRF435

is a tumor-suppressive gene in OS. Additionally, recent436

investigations have shown that the circRNA–miRNA–437

mRNA network may be an efficacious treatment op-438

tion for patients with OS [19,49]. Based on the data439

obtained from our study, PTRF was hypothesized to be440

modulated by the circ_0049271–miR-1197 axis, which441

influences OS progression. In this study, PTRF was ver-442

ified as the target gene of miR-1197, suggesting its in-443

teraction with miR-1197 to mediate OS tumorigenicity.444

As shown in Fig. 6, overexpression of PTRF drastically445

attenuated the proliferation and invasion of cells, which446

were promoted by miR-1197 upregulation. These data447

indicate that circ_0049271 impedes the malignancy of448

OS by repressing cell invasion and proliferation via the449

miR-1197/PTRF axis.450

This study has certain limitations. PTRF is a con-451

served cytoplasmic protein that exerts its functions via452

exosome secretion [50,51]. In OS progression, whether453

PTRF directly interacts with the circ_0049271/miR-454

1197 axis or indirectly via exosome secretion war-455

rants further investigation. Moreover, the impact of the456

circ_0049271/miR-1197/PTRF regulatory axis on tu-457

mor growth in vivo needs to be explored further in fu-458

ture studies.459

5. Conclusion460

To the best of our knowledge, this study is the first461

to demonstrate that circ_0049271 attenuates the malig-462

nancy of OS via the miR-1197/PTRF axis. Our findings463

suggest that circ_0049271 acts as a tumor-suppressive464

circRNA in OS progression. Moreover, our results re-465

veal a novel regulatory network underlying the patho-466

genesis of OS and suggest a potential target for its treat-467

ment.468
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