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Circular RNA IARS modulates the progression and ferroptosis of osteosarcoma 
via sponging miR-188-5p from RAB14 

Yafei LI1,#, Yan ZHANG1,#, Xiaohong LU1, Ruie LI1, Jiayu PENG1, Yangbo XU2,*

1Department of Oncology, Luzhou People’s Hospital, Luzhou, Sichuan, China; 2Department of Bone and Joint Surgery, Affiliated Hospital of 
Southwest Medical University, Luzhou, Sichuan, China 

*Correspondence: yangboxusmu@21cn.com  
#Contributed equally to this work. 

Received March 12, 2024 / Accepted June 17, 2024

Osteosarcoma (OS) is a common primary bone tumor in children and adolescents. Circular RNA (circRNA)-IARS acts 
as an oncogene in multiple human tumors. However, the circ-IARS function in OS is unclear. This research aimed to eluci-
date the roles and mechanisms of circ-IARS in OS. In this study, circ-IARS expressions were raised in OS tissues and cells. 
circ-IARS expressions were closely related to clinical stage and distant metastasis. Furthermore, overall survival rates were 
reduced in OS patients with high circ-IARS levels. Also, silencing circ-IARS weakened OS cell proliferation and invasion, 
yet enhanced cell ferroptosis. Mechanistically, circ-IARS targeted miR-188-5p to regulate RAB14 expressions in OS cells. 
Moreover, circ-IARS knockdown repressed OS cell proliferation, invasion, and induced ferroptosis, yet these impacts were 
abolished by co-transfection with anti-miR-188-5p or pcDNA-RAB14. Meanwhile, interference with circ-IARS reduced 
OS cell proliferation, and decreased RAB14 (a member of the RAS oncogene family), GPX4, and xCT (crucial ferroptosis 
regulators) expressions in vivo. In conclusion, circ-IARS facilitated OS progression via miR-188-5p/RAB14. 
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Osteosarcoma (OS) is a primary malignant tumor and 
a prominent cause of tumor-related death in children and 
adolescents [1, 2]. OS originates from mesenchymal cells 
and is characterized by rapid invasive growth and a high 
recurrence rate [3, 4]. According to incomplete statistics, the 
overall 5-year survival rate of local OS patients is approxi-
mately 70%, and only 20% of patients with recurrent and 
metastatic tumors [5]. In recent decades, chemotherapy and 
surgical resection have made progress in OS therapy, but OS 
prognosis is still poor [6]. Accordingly, it is urgent to reveal 
molecular mechanisms of OS progression, offering novel 
strategies for OS therapy.

With the advancement of high-throughput sequencing 
technology, extensive circRNAs have been found in multiple 
human diseases, and the vast majority of circRNAs own high 
tissue-specific expression characteristics [7, 8]. Accumulating 
evidence promulgates that circRNA functions in tumori-
genesis including OS are diverse. For instance, circRBMS3 
modulates eIF4B and YRDC by sponging miR-424-5p, and 
circRBMS3 knockdown represses OS malignant pheno-

type [9]. circ_0002137 slows down OS progression via 
modulating miR-433-3p/IGF1R, supplying a potential target 
for OS remedy [10]. circ-IARS, also known as circ_0006702, 
is derived from the isoleucyl-tRNA synthetase 1 (IARS) 
gene and is implicated in functioning in human tumors. In 
non-small cell lung cancer, circ-IARS mediates the malig-
nant development of non-small cell lung cancer cells through 
miR-1252-5p/HDGF [11]. In pancreatic cancer, high circ-
IARS expressions are positively correlated with liver metas-
tasis, and tumor node metastasis (TNM) stage of pancreatic 
cancer, and circ-IARS overexpression accelerates pancre-
atic cancer cell growth via miR-122/ZO-1 [12]. So far, circ-
IARS impacts in OS are unclear. In this research, our data 
tentatively revealed the high circ-IARS expressions in OS, 
implying that circ-IARS might be an oncogene in OS.

In the current study, we validated high circ-IARS expres-
sions in OS. At the same time, we investigated circ-IARS 
functions in OS by decreasing its expressions. Our data 
suggested that interference with circ-IARS restrained OS cell 
proliferation and invasion, but induced ferroptosis. Based on 
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these findings, we further elucidated the circ-IARS mecha-
nism in OS, aiming to offer novel ideas for OS clinical remedy.

Patients and methods

Clinical tissues. OS and corresponding paracancer tissues 
(50 cases) were collected from The People’s Hospital of 
Luzhou. All patients were informed of this study design and 
provided with written informed consent. This research was 
approved by the medical ethics committee of The People’s 
Hospital of Luzhou (LZPH-QR-21017).

Cell culture. Four OS cells (U2OS, HOS, Saos2, and 
MG63) and human osteoblast cell line hFOB were purchased 
from the Chinese Academy of Sciences Cell Bank (Shanghai, 
China). U2OS cells were put in RPMI-1640 (G-CLONE, 
Beijing, China) with 10% FBS (MedChemExpress, Shanghai, 
China). HOS, Saos2, MG63, and hFOB cells were grown 
in DMEM (G-CLONE) containing 10% FBS. All cells were 
cultured at 37 °C, 5% CO2.

Cell infection, transfection, and treatment. Lentiviral 
vectors of negative control and sh-circ-IARS#1, sh-circ-
IARS#2, and sh-circ-IARS#3 were produced by Sangon 
(Shanghai, China). Lentivirus carrying the above-mentioned 
vectors was generated in HEK293T cells. OS cells were 
infected with lentivirus with multiplicity of infection (MOI) 
of 30, and stable OS cells infected with sh-circ-IARS#1, 
sh-circ-IARS#2, sh-circ-IARS#3 were screened with 5 μg/ml 
purinamycin [13].

miR-188-5p mimic, anti-miR-188-5p, pcDNA-RAB14, 
and their corresponding controls were obtained from 
RiboBio (Guangzhou, China). miR-188-5p mimic, anti-miR-
188-5p, or pcDNA-RAB14 was transfected into OS cells with 
Lipofectamine 3000 (G-CLONE). 48 h later, transfected OS 
cells were harvested to conduct subsequent assays.

To enunciate regulation of Fe2+ levels in OS cells by circ-
IARS, OS cells transfected with sh-circ-IARS were exposed 
to 5 µM erastin (ferroptosis activator, MedChemExpress, 
HY-15763, 99.57%) or 1 µM ferrostatin-1 (ferroptosis inhib-
itor, MedChemExpress, HY-100579, 99.96%) for 1 day [14].

Quantitative real-time PCR (qRT-PCR). After total RNA 
was obtained from OS tissues and cells (U2OS, and HOS) 
with TRIzol (Beyotime, Shanghai, China), RNA contents 
and purity were examined by a QNano spectrophotometer 

(Yeasen, Shanghai, China). For circRNA and mRNA, comple-
mentary DNA (cDNA) was synthesized by HyperScript™ 
First-Strand cDNA Synthesis Kits (Apexbio, Shanghai, 
China). For miRNA, cDNA was gathered using miRNA 
Reverse Transcription Kits (Hifunbio, Shanghai, China). 
RT-PCR was conducted using a SYBR Green I (G-CLONE) 
on an Mx3000P system (Stratagene, Santa Clara, USA). The 
procedure was listed: 95 °C for 30 s (denaturation), followed 
by 40 cycles of denaturation at 95 °C for 5 s, 55 °C for 30 s 
(annealing), and 72 °C for 30 s (extension). GAPDH (for 
circRNAs and mRNAs) and U6 (for miRNAs) were endog-
enous controls. The relative level was determined with 2–ΔΔCt. 
Primer sequences are listed in Table 1.

Cell Counting Kit-8 (CCK-8) assay. OS cell viability 
was checked with Cell Counting Kit-8 (CCK-8) Kits (Mlbio, 
Shanghai, China). OS cells (6,000 cells/well) were put in 
96-well plates and the culture medium was replaced by a 
medium with 10% CCK-8. OS cells were further cultured for 
another 1.5 h. Optical density was tested with a microplate 
reader (Molecular Devices, Shanghai, China) at 450 nm.

Transwell analysis. OS cell invasion was examined by 
Transwell chambers (8 μm pore size, Corning, USA). OS 
cells (5 × 104) were grown in upper chambers with serum-
free DMEM (200 μl). Simultaneously, DMEM containing 
10% FBS was added to lower chambers. After 1 d, OS cells 
on the surface the below membrane were fixed using 4% 
paraformaldehyde (Noninbio, Shanghai, China) and dyed 
with crystal violet (0.1%). Cells on the surface above the 
membrane were wiped with a cotton swab. Invasive OS cells 
were assessed under an inverted light microscope (Thermo-
Fisher Scientific, MA, USA) and photographed for preserva-
tion.

Detection of Fe2+ levels and reactive oxygen species 
(ROS) levels. Fe2+ and ROS levels in OS cells were deter-
mined as previously reported methods [15, 16]. Fe2+ 
levels were quantified via Iron Assay Kits (Sigma-Aldrich, 
Shanghai, China). ROS levels were examined by Reactive 
Oxygen Species Assay Kits (Yeasen) with the fluorescence 
microscope (ThermoFisher Scientific).

Western blot. Total proteins were collected with RIPA 
buffer (Beyotime Biotechnology, Nantong, China). Followed 
by protein contents were determined via BCA Protein 
Assay Kits (Mlbio), proteins (15 μg) were separated on 10% 
SDS-PAGE (Mlbio). Proteins were transferred onto PVDF 
membranes (Sangon, Shanghai, China). Next, membranes 
were blocked with 5% non-fat milk, and were further exposed 
to primary antibodies against GPX4 (ab125066, 1:1000, 
Abcam, Cambridge, UK), xCT (ab307601, 1:1000, Abcam), 
RAB14 (K009409M, 1:500, Solarbio, Beijing, China), and 
GAPDH (ab8245, 1:500, Abcam) overnight at 4 °C, followed 
by exposing to secondary antibodies Goat Anti-Mouse 
IgG H&L (HRP) (ab205719, 1:2000, Abcam) or Goat Anti-
Rabbit IgG H&L (HRP) (ab205718, 1:2000, Abcam). Signals 
were visualized using Enhanced Chemiluminescence Kits 
(Yeasen).

Table 1. Primer sequences.
Gene name Primer sequence (5’-3’)

circ-IARS
Forward: CCAACATTACAGACCGGTG
Reverse: CTCGAAGTTGGAAAGTGGAGTG

miR-188-5p
Forward: CACGCACATCCCTTGCAT
Reverse: CCAGTGCAGGGTCCGAGGTA

U6
Forward: CTCAGAATCACCCAATGC
Reverse: ATGTTCATCCAGTTGTCAC

GAPDH
Forward: AGGGGCCATCCACAGTCTTC
Reverse: AGAAGGCTGGGGCTCATTTG
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Database analysis. Online websites “starBase” (http://
starbase.sysu.edu.cn/), “circBank” (www.circbank.cn) and 
“circatlas” (https://ngdc.cncb.ac.cn/circatlas/) were applied 
to forecast miRNAs targeted by circ-IARS, and three were 
found at intersection: hsa-miR-188-5p, hsa-miR-873-3p, and 
hsa-miR-4761-3p.

RNA pull-down. Binding of circ-IARS to miR-188-5p, 
miR-873-3p, or miR-4771-3p was verified using RNA pull-
down. To generate probe-coated beads, the circ-IARS probe 
and control probe were exposed to Dynabeads M-280 Strep-
tavidin beads (ThermoFisher Scientific) for 2.5 h. Soon 
afterward, OS cell lysates were incubated with circ-IARS or 
a control probe overnight. RNA complexes bound to micro-
spheres were extracted, and RNA levels were further tested 
with qRT-PCR.

Dual-luciferase reporter gene assay. The relationship 
between circ-IARS and miR-188-5p/RAB14 was validated via 
the dual-luciferase reporter gene assay. A 3’-UTR fragment 
or mutant fragment containing miR-188-5pp binding sites 
in circ-IARS and RAB14 mRNA was cloned into the PGL3 
luciferase reporter vector (Youbio, Hunan, China). Wild-
type (WT) or mutant-type (MUT) luciferase reporter vectors 
containing circ-IARS-WT, circ-IARS-MUT, RAB14 3’-UTR-
WT, and RAB14 3’-UTR-MUT were constructed, respec-
tively. Next, miR-188-5p mimic combined with the above 
luciferase reporter vectors were cotransfected into OS cells 
with Lipofectamine 2000 (Solarbio). After 3 d, luciferase 
activity was determined with a Luciferase Reporter Assay 
System (ThermoFisher Scientific).

RNA immunoprecipitation (RIP)-qRT-PCR. circ-
IARS and miR-188-5p expressions in immunoprecipita-
tion complexes were measured using Magna RNA-binding 
Protein Immunoprecipitation Kits (Sigma-Aldrich). OS cells 
were harvested and lysed with RIP lysis. Next, magnetic 
beads coated with anti-Ago2 (ab186733, 1:40, Abcam) or 
anti-IgG (ab133470, 1:1000, Abcam) were exposed to cell 
lysate at 4 °C. circ-IARS and miR-188-5p expressions were 
tested via qRT-PCR.

In vivo study. Ten BALB/C nude mice (5 weeks of 
age,18–25 g) were bought from Biocytogen (Beijing, China). 
Mice were raised in a 12/12 h light/dark cycle at 18–22 °C and 
50–60% humidity. All animal experiments were reviewed and 
approved by the ethics committee of The People’s Hospital of 
Luzhou (LZPH-QR-21017).

After one week of adaptive feeding, HOS cells (2×106, 
100 μl) transfected with sh-NC and sh-circ-IARS were 
injected subcutaneously into nude mice (n=5) [17]. Tumor 
volume was tested weekly, and the calculation formula was: 
Volume = (long diameter × short diameter)2 × 0.5 [18]. After 
5 weeks, mice were killed with cervical dislocation, and mice 
were anesthetized with 100 mg/kg pentobarbital sodium to 
relieve pain during euthanasia [19]. Mouse tumor tissues 
were preserved in 4% paraformaldehyde (Solarbio).

Immunohistochemistry assay. OS tissues were 
embedded with paraffin and cut into 5 μm slices. Then, 
slices were exposed to antibodies against Ki-67 (ab15580, 
1 µg/ml, Abcam), RAB14 (K009152P, 1:50, Solarbio), GPX4 
(ab125066, 1:1000, Abcam) and xCT (ab307601, 1:500, 
Abcam). Slices were further counterstained with hematox-
ylin (Solarbio). Images were obtained with a microscope.

Statistical analysis. Experimental data were listed as 
mean ± SD. A comparison between the two groups was 
conducted with Student’s t-test. Meanwhile, a compar-
ison among multiple groups was assessed using a one-way 
analysis of variance (ANOVA) followed by Tukey’s post hoc 
test. Overall survival rates of OS patients with low circ-IARS 
expressions (n=25) and high circ-IARS expressions (n=25) 
were checked via Kaplan-Meier survival curve analysis. The 
difference between groups was considered to be statistically 
significant when p<0.05.

Results

circ-IARS is highly expressed in OS. Initially, we 
attempted to clarify the circ-IARS expression pattern in OS. 
As emerged in Figure 1A, circ-IARS expressions in OS tissues 

Figure 1. Validation of circ-IARS expressions in osteosarcoma (OS). A) circ-IARS expressions in OS tissues and adjacent tissues were tested using quan-
titative real-time PCR (qRT-PCR). B) OS patients (n=50) were grouped into low circ-IARS expressions (n=25) and high circ-IARS expressions (n=25). 
Overall survival rates of OS patients with low circ-IARS expressions (n=25) and high circ-IARS expressions (n=25) were estimated with Kaplan-Meier 
survival curve analysis. C) circ-IARS expressions in OS cells (U2OS, HOS, Saos2, and MG63) and human osteoblast cell line hFOB were examined with 
qRT-PCR. **p<0.01 vs. NC, hFOB; ***p<0.001 vs. hFOB. Abbreviations: NC-negative control; OS-osteosarcoma
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cell ferroptosis. As disclosed in Figures 3A and 3B, circ-
IARS knockdown raised Fe2+ levels in OS cells, and erastin 
(ferroptosis activator) further enhanced this raise, while 
ferrostatin 1 (ferroptosis inhibitor) decreased Fe2+ levels in 
OS cells (Figure 3B). Excessive accumulation of ROS induces 
ferroptosis in OS cells [22]. Immunofluorescence further 
expounded that interference with circ-IARS increased ROS 
levels in OS cells (Figure 3C). Moreover, knocking down 
circ-IARS lessened GPX4, and xCT (crucial ferroptosis 
regulators) protein levels (Figure 3D). All the above findings 
implied that circ-IARS knockdown accelerated OS cell 
ferroptosis.

circ-IARS targets miR-188-5p to regulate RAB14 
protein levels in OS cells. Subsequently, we further enunci-
ated the prospective mechanism of circ-IARS mediating 
OS cell growth. We found three miRNAs (hsa-miR-188-5p, 
hsa-miR-873-3p, and hsa-miR-4761-3p) by taking the inter-
section of databases predicting circ-IARS targeting miRNAs 
(Figure 4A). RNA pull-down further revealed that the 
biotinylated circ-IARS probe enriched more miR-188-5p 
(Figure  4B). Accordingly, miR-188-5p was selected for 
follow-up studies. Meanwhile, miR-188-5p mimic effectively 
overexpressed miR-188-5p in OS cells (Figure 4C). Sites 
of circ-IARS targeting miR-188-5p and RAB14 targeting 
miR-188-5p were emerged in Figures 4D and 4E. Further-
more, miR-188-5p mimic reduced luciferase activity in OS 
cells, and the inhibitory effect disappeared after binding 
sites of circ-IARS and miR-188-5p or RAB14 3’-UTR and 
miR-188-5p were mutated (Figures 4F, 4G). Also, anti-Ago2 
enriched more circ-IARS and miR-188-5p in contrast to 
anti-IgG (Figure 4H). To sum up, circ-IARS positively 
regulated RAB14 expressions via targeting miR-188-5p.

circ-IARS modulates OS cell proliferation, invasion, 
and ferroptosis through miR-188-5p/RAB14. To ascer-
tain whether circ-IARS mediated OS cell progression via 
miR-188-5p/RAB14, we knocked down circ-IARS and 
co-transfected OS cells with anti-miR-188-5p or pcDNA-
RAB14. qRT-PCR stated that anti-miR-188-5p effec-
tively knocked down miR-188-5p in OS cells (Figure 5A). 
Meanwhile, pcDNA-RAB14 transfection overexpressed 
RAB14 protein levels in OS cells (Figure 5B). On this basis, 
circ-IARS knockdown reduced OS cell proliferation, while 
co-transfection with anti-miR-188-5p or pcDNA-RAB14 
reversed this reduction (Figure 5C). Transwell analysis of 
OS cell invasion displayed an analogous trend (Figure 5D). 
Furthermore, interference with circ-IARS raised Fe2+ levels 
in OS cells, yet this raise was abolished after co-transfec-
tion with anti-miR-188-5p or pcDNA-RAB14 (Figure 5E). 
Also, silencing circ-IARS increased ROS levels in OS cells, 
while co-transfection of anti-miR-188-5p or pcDNA-RAB14 
abolished this increase (Figure 5F). In summary, circ-IARS 
knockdown weakened OS cell proliferation and invasion, 
and induced ferroptosis via miR-188-5p/RAB14.

Interference with circ-IARS represses OS cell prolifera-
tion in vivo. To further elucidate the oncogene function of 

(n=50) were dramatically higher than those in adjacent 
tissues (n=50). The median expression value of circ-IARS 
in OS tissues in Figure 1A was taken as the cut-off value. 
Patients with OS (n=50) were grouped into low circ-IARS 
expressions (n=25) and high circ-IARS expressions (n=25). 
We further proved that circ-IARS expressions were closely 
interrelated to clinical stage and distant metastasis, but not 
to patient age, gender, tumor size, and location (Table 2). 
Meanwhile, overall survival rates were reduced in high circ-
IARS expressions (p=0.0189, Figure 1B). Also, circ-IARS 
expressions were increased in OS cells in contrast to control 
cells (Figure 1C). Taken altogether, circ-IARS was overex-
pressed in OS tissues and cells.

Knockdown of circ-IARS represses OS cell prolifera-
tion and invasion. To enucleate circ-IARS’s impact on OS 
progression in vitro, loss-of-function experiments were 
conducted in OS cells. Compared with sh-NC, sh-circ-
IARS#1, sh-circ-IARS#2, and sh-circ-IARS#3 effectively 
knocked down circ-IARS in OS cells (Figure 2A). sh-circ-
IARS#3 possessed the lowest knock efficiency and was 
named sh-circ-IARS. The CCK-8 assay further authenticated 
that interference with circ-IARS weakened OS cell viability 
(Figure 2B). Additionally, silencing circ-IARS decreased OS 
cell invasion in contrast to controls (Figure 2C). These data 
hinted that interference with circ-IARS restrained OS cell 
proliferation and invasion.

Silencing circ-IARS induces ferroptosis in OS cells. 
Previous studies validate that ferroptosis modulates OS 
progression and takes part in OS therapy [20, 21]. Thus, 
we sought to illuminate whether circ-IARS mediated OS 

Table 2. Correlations of circ-IARS expressions with clinicopathologic fea-
tures of osteosarcoma.

Characteristic All cases
circ-IARS expressions

p-value
High (n=25) Low (n=25)

Age (years) 0.556
<20 32 17 15
≥20 18 8 10

Gender 0.747
Female 37 19 18
Male 13 6 7

Tumor size (cm) 0.355
<5 15 9 6
≥5 35 16 19

Distant metastasis 0.047*
Yes 27 17 10
No 23 8 15

Clinical stage 0.021*
I+II 30 11 19
III 20 14 6

Tumor location 0.306
Tibia/Femur 39 21 18
Other location 11 4 7

Note: A chi-square test was used for comparing groups between low and 
high circ-IARS expressions; *p<0.05
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Figure 2. circ-IARS mediates OS cell proliferation and invasion. A) OS cells were infected with sh-circ-IARS#1, sh-circ-IARS#2, and sh-circ-IARS#3 
lentivirus for 3 d. qRT-PCR analysis of circ-IARS expressions in OS cells. B) OS cells were infected with sh-circ-IARS#3 (also named sh-circ-IARS) 
lentivirus for 3 d. OS cell viability was evaluated at different periods (24, 48, and 72 h) via Cell Counting Kit-8 (CCK-8) assay. C) Transwell analysis of 
OS cell invasion (scale bar: 100 μM). *p<0.05, **p<0.01 vs. control, sh-NC. Abbreviation: Con-control

Figure 3. circ-IARS mediates ferroptosis in OS cells. OS cells were infected with sh-circ-IARS lentivirus for 3 d. A) Fe2+ levels in OS cells were tested with 
commercial kits. B) Followed by OS cells were infected with sh-circ-IARS lentivirus for 3 d, OS cells were further exposed to 5 µM erastin (ferroptosis 
activator) or 1 µM ferrostatin-1 (ferroptosis inhibitor) for 24 h. Fe2+ levels in OS cells were examined using commercial kits. C) Immunofluorescence 
analysis of reactive oxygen species (ROS) levels in OS cells (scale bar: 100 μM). D) Ferroptosis regulators (GPX4 and xCT) protein levels were deter-
mined via western blot. **p<0.01, ***p<0.001 vs. sh-NC. #p<0.05 vs. sh-circ-IARS
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Figure 4. circ-IARS mediates RAB14 expressions through miR-188-5p. A) circ-IARS targeting three miRNAs (hsa-miR-188-5p, hsa-miR-873-3p, and 
hsa-miR-4761-3p) were found through taking the intersection of three databases (“starBase”, “circBank”, and “circatlas”). B) RNA pull-down experi-
ments were applied to verify the binding of circ-IARS with hsa-miR-188-5p, hsa-miR-873-3p, or hsa-miR-4771-3p. C) miR-188-5p mimic was trans-
fected into OS cells for 48 h. miR-188-5p expressions were tested with qRT-PCR. D, E) Binding sites of circ-IARS targeting miR-188-5p, and RAB14 
targeting miR-188-5p. F, G) Luciferase activity in OS cells was examined via a dual-luciferase reporter gene assay. H) RNA immunoprecipitation (RIP)-
qRT-PCR analysis of the relationship of circ-IARS and miR-188-5p. **p<0.01 vs. miR-NC. ***p<0.001 vs. Bio-NC, miR-NC, anti-IgG

Figure 5. circ-IARS influences OS cell proliferation, invasion, and ferroptosis through miR-188-5p/RAB14. A) anti-miR-188-5p was transfected into 
OS cells for 48 h. miR-188-5p expressions were examined using qRT-PCR. B) pcDNA-RAB14 was transfected into OS cells for 48 h. Western blot analy-
sis of RAB14 protein levels. C) After circ-IARS was knocked down in OS cells, anti-miR-188-5p or pcDNA-RAB14 was co-transfected into OS cells 
for 48 h. CCK-8 analysis of OS cell viability at different periods (24, 48, and 72 h). D) OS cell invasion was examined with Transwell assay (scale bar: 
100 μM). E) Fe2+ levels in OS cells were tested via commercial kits. F) ROS levels in OS cells were tested using an immunofluorescence assay (scale bar: 
100 μM). **p<0.01 vs. anti-NC, vector, sh-NC; ***p<0.001 vs. sh-NC; #p<0.05; ##p<0.01 vs. sh-circ-IARS.
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circ-IARS in OS, OS cells transfected with sh-circ-IARS were 
injected subcutaneously into mice. As emerged in Figure 6A, 
we implied a noticeable reduction in subcutaneous tumor 
volume in sh-circ-IARS. Analogously, knocking down IARS 
reduced subcutaneous tumor weight in mice (Figure 6B). 
Meanwhile, silencing circ-IARS decreased circ-IARS expres-
sions, but increased miR-188-5p expressions (Figure 6C). 
IHC validated that staining positive rates of Ki-67, RAB14, 
GPX4, and xCT were reduced after knocking down circ-IARS 
(Figures 6D, 6E). Collectively, silencing circ-IARS restrained 
OS cell proliferation in vivo.

Discussion

The 5-year survival rate of OS is very low [23], and 
seriously endangers human health. circRNAs have been 
identified to exert momentous functions in OS. Nevertheless, 
circ-IARS roles in OS development remain unreported. Here, 
we sought to elucidate circ-IARS function in OS and prospec-

tive mechanism. Central findings are listed: 1) circ-IARS was 
highly expressed in OS tissues and cells, and silencing circ-
IARS reduced OS cell proliferation and invasion, yet induced 
ferroptosis. 2) circ-IARS bound to miR-188-5p to mediate 
RAB14 expressions in OS cells, and circ-IARS knockdown 
repressed OS cell proliferation and invasion, and boosted 
ferroptosis via miR-188-5p/RAB14. 3) Interference with 
circ-IARS reduced OS cell proliferation in vivo. Principal 
findings are shown in Figure 7. This research offered a novel 
regulatory axis for OS development: circ-IARS/miR-188-5p/
RAB14.

Accumulating studies authenticate that circ-IARS takes 
part in mediating the prognosis of multiple tumors. Such as 
circ-IARS expressions are positively correlated with TNM 
stage in pancreatic cancer, and negatively correlated with 
postoperative survival [12]. circ-IARS expressions are raised 
in serum exosomes of patients with non-small cell lung 
cancer, hinting that circ-IARS is a novel potentially carci-
nogenic molecule in non-small cell lung cancer [11]. As 

Figure 6. circ-IARS regulates OS cell proliferation in vivo. OS cells transfected with sh-circ-IARS (2×106) were injected subcutaneously into mice. A) 
Detection of tumor volume. (B) Analysis of tumor weight. (C) circ-IARS and miR-188-5p expressions were examined using qRT-PCR. (D–E) Ki-67, 
RAB14, GPX4, and xCT expressions were identified by immunohistochemistry assay (scale bar: 25 μM). **p<0.01 vs. sh-NC
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expected, our research illustrated that circ-IARS expressions 
were closely related to clinical stage and distant metastasis, 
which implied that circ-IARS was a potential prognostic 
marker for OS.

It is well known that abnormal cancer cell proliferation and 
invasion accelerate OS progression. For instance, knocking 
down circ_0001174 alleviates the OS process by restraining 
OS cell proliferation and invasion [24]. Downregulation of 
circSRSF4 reduces OS cell proliferation and invasion via 
miR-224/Rac1 [25]. The above research data vindicated that 
targeting to repress OS cell proliferation and invasion is 
expected to mitigate OS. Correspondingly, our research also 
proved that silencing circ-IARS reduced OS cell proliferation 
and invasion.

Ferroptosis is a novel form of programmed cell death 
discovered in recent years [26]. As has been reported, 
ferroptosis is bound up with iron overload as well as ROS 
accumulation [27]. Critically, accumulated evidence eluci-
dates that ferroptosis takes part in mediating the OS process. 
For example, curcumin induces OS cell ferroptosis through 
Nrf2/GPX4, hinting that curcumin has a therapeutic effect 
on the OS model [28]. Stearoyl-CoA desaturase induces OS 
ferroptosis in vitro and in vivo, implying that Stearoyl-CoA 
desaturase is a potential target for OS remedy [29]. Notably, 
circ-IARS acts as an oncogene in non-small-cell lung cancer, 
and circ-IARS knockdown promotes apoptosis of non-small-
cell lung cancer cells [11]. As expected, we further elucidated 
that silencing circ-IARS raised Fe2+ levels and ROS levels in 
OS cells, suggesting that silencing circ-IARS enhanced OS 
cell ferroptosis. On this basis, we next probed into the circ-
IARS mechanism in OS.

circRNAs function through a variety of mechanisms, such 
as acting as microRNA (miRNA) sponges to reduce their 
regulatory effect on mRNAs [30]. Accumulating evidence 
substantiates the critical roles of miRNAs in numerous 

human diseases and miRNAs take part in cellular biological 
processes containing cell proliferation and apoptosis [31, 32]. 
Recently, the regulatory function of miRNAs in OS has been 
gradually confirmed. For example, miR-708 is lessened in OS 
cell lines and mediates OS cell growth via targeting CUL4B 
[33]. miR-221 represses the Wnt axis and enhances OS cell 
proliferation through targeting FBXW11 [34]. In the current 
research, we identified three miRNAs targeting circ-IARS via 
database: hsa-miR-188-5p, hsa-miR-873-3p, and hsa-miR-
4761-3p. Meanwhile, biotinylated circ-IARS probes enriched 
more miR-188-5p. miR-188-5p has been repeatedly reported 
to mediate the progression of malignant tumors, mainly 
consisting of gastric cancer [35], ovarian cancer [36], and 
breast cancer [37]. Crucially, the upregulation of miR-188-5p 
weakens OS cell activity, implying that miR-188-5p is a 
potential target for OS therapy [38]. Meanwhile, miR-188-5p 
is regulated by multiple lncRNAs during the progression of 
malignant tumors, containing LINC00491 [39], and lncRNA 
SNHG15 [40]. Similarly, we also demonstrated that circ-
IARS targeted miR-188-5p in OS cells.

Next, we further illustrated downstream targets of 
miR-188-5p. Our research expounded that miR-188-5p 
binding sites existed in RAB14 3’-UTR, and miR-188-5p 
mimic reduced luciferase activity in RAB14-WT cells. RAB14 
is a notable member of the RAS oncogene family [41]. RAB14 
is an oncogene in multiple cancer types containing OS. For 
instance, silencing RAB14 represses OS development, and 
miR-451 is an upstream target of RAB14 [42]. RAB14 is a 
downstream target of miR-338-3p, and CASC15 accelerates 
OS cell growth through upregulating RAB14, hinting that 
CASC15/miR-338-3p/RAB14 is a possible therapeutic axis 
for OS patients [43]. Similar to these findings, our experi-
mental data also suggested that miR-188-5p targeted RAB14, 
and circ-IARS mediated RAB14 protein levels in OS cells 
through miR-188-5p. Also, silencing circ-IARS weakened 

Figure 7. circ-IARS modulates OS cell proliferation, invasion, and ferroptosis through miR-188-5p/RAB14.
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OS cell proliferation and invasion, while inducing ferroptosis 
via miR-188-5p/RAB14. Notably, circ-IARS knockdown 
reduced OS cell proliferation in vivo. There are some limita-
tions in our study as 1) possible signaling axes were not to 
be studied, 2) gain-of-function for circ-IARS assays were not 
explored, and 3) the phenotypes in this study lacked oxida-
tive stress, immune response, etc.

In summary, we found that circ-IARS was an oncogene 
in OS and participated in OS development via miR-188-5p/
RAB14. Our experimental data hinted that circ-IARS/
miR-188-5p/RAB14 might be a novel regulatory mechanism 
for OS.
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