
doi:10.4149/neo_2025_250509N199

N6-methyladenosine-induced hsa_circ_0011536 acts as a microRNA-576-5p 
sponge to promote ferroptosis of non-small cell lung cancer cells via transferrin 
receptor 
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Lung cancer is the leading cause of death and the most diagnosed cancer worldwide. Non-small cell lung cancer (NSCLC) 
is the most common type of lung cancer; 85% of lung cancer patients are diagnosed with NSCLC. Though numerous treat-
ments for lung cancer have been developed, the 5-year survival rate of patients with NSCLC remains low. Therefore, it 
is urgent to explore novel targets for NSCLC treatment. Growing evidence has revealed that circular RNAs (circRNAs) 
contribute to NSCLC progression. Besides, the data of circRNA microarray (GSE158695) has found that hsa_circ_0011536 
is downregulated in NSCLC tissues. Nevertheless, the role of hsa_circ_0011536 in NSCLC remains unknown. In this study, 
RNA 6-methyladenosine (m6A) modification was detected by methylated RNA immunoprecipitation, the interaction of 
RNAs was determined using miRNA pulldown and luciferase reporter assay, while ferroptosis was identified by Cell Counting 
Kit-8 assay, intracellular iron content, and malondialdehyde level. Our findings demonstrated that hsa_circ_0011536 was 
downregulated in NSCLC cell lines. Mechanism investigation revealed that m6A modification enhanced the back-splicing 
of pre-ZMYM4 to increase hsa_circ_0011536 expression in A549 and NCI-H1299 cells. Moreover, hsa-miR-576-5p was 
the target of hsa_circ_0011536, while transferrin receptor (TFRC) was the downstream target of hsa-miR-576-5p in A549 
and NCI-H1299 cells. Furthermore, hsa_circ_0011536 elevated TFRC expression by sponging hsa-miR-576-5p in A549 
and NCI-H1299 cells, identified by luciferase reporter assay. In addition, hsa_circ_0011536 induced ferroptosis through 
hsa-miR-576-5p in A549 and NCI-H1299 cells. Therefore, this study revealed that m6A-induced hsa_circ_0011536 elevated 
TFRC expression to induce ferroptosis by sponging hsa-miR-576-5p in NSCLC. These results might provide novel thera-
peutic targets for NSCLC treatment. 
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Lung cancer is the leading cause of death and the most 
diagnosed cancer worldwide [1–3]. It is estimated that around 
2 million new cases of lung cancer occur and 1.6 million 
patients with lung cancer die annually [3, 4]. Non-small 
cell lung cancer (NSCLC) is the most common type of lung 
cancer; 85% of lung cancer patients are diagnosed with 
NSCLC [5]. Most lung cancer patients have advanced stage 
disease (stage III or IV) at initial diagnosis [4]. Thus, though 
numerous treatments for lung cancer have been developed, 
including thoracic surgery, radical radiotherapy, microwave 
ablation, cancer immunotherapy, and targeted therapy [6, 7], 

the 5-year survival rate of patients with NSCLC varies only 
from 4–17% depending on stages [4]. It is urgent to explore 
novel targets for NSCLC treatment.

As novel endogenous non-coding RNAs, circRNAs are 
covalently connected to the structure of a closed-loop by 
back-splicing processes from pre-mRNAs [8, 9]. It has been 
reported that circRNAs play numerous critical roles, such 
as nuclear transcription regulators, microRNA (miRNA) 
sponges, and protein sponges [10–14]. More importantly, 
circRNAs contribute to NSCLC progression. For instance, 
circNDUFB2 activates anti-tumor immunity through 

Neoplasma 2025; 72(4): 253–261

Copyright © 2025 The Authors. 
This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution, 
and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source and provide a link to 
the Creative Commons licence. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/

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


254 Junming HUANG, et al.

degrading IGF2BPs to suppress NSCLC progression [15]. 
By contrast, circSATB2 upregulates fascin homolog 1, actin-
bundling protein 1 (FSCN1) expression by sponging miR-326 
to promote NSCLC progression [16]. However, the knowl-
edge of the effects of circRNAs on NSCLC progression is still 
limited. The data of circRNA microarray (GSE158695) from a 
previous study have shown that hsa_circ_0011536 is dramati-
cally downregulated in NSCLC tissues [15]. Nevertheless, the 
role of hsa_circ_0011536 in NSCLC remains unknown.

RNA methylation contributes to the occurrence and 
development of NSCLC by regulating transportation, 
localization, stability, shearing, and translation of RNAs 
[17–20]. To date, N6-methyladenosine (m6A) is the most 
abundant modification among RNA methylation [21]. Some 
studies have indicated that m6A modification could regulate 
circRNA expression by modifying the back-splicing process. 
For instance, m6A modification facilitates the generation of 
circ1662 by enhancing back-splicing in colorectal cancer 
[22]. Besides, m6A modification promotes the back-splicing 
of pre-METTL3 mRNA to increase circMETTL3 expression 
in breast cancer [23]. Nevertheless, the effect of m6A modifi-
cation on hsa_circ_0011536 expression in NSCLC has not 
been reported.

Previous studies have revealed that circRNAs regulate 
NSCLC progression as miRNA sponges. For example, 
circSATB2 upregulates FSCN1 expression by sponging 
miR-326 to facilitate NSCLC progression [16]. Besides, 
circ-CPA4 activates programmed cell death ligand 1 (PD-L1) 
axis to promote growth, immune evasion, drug resistance, 
and stemness of NSCLC through sponging let-7 [24]. 
However, miRNAs regulated by hsa_circ_0011536 are largely 
unknown.

Ferroptosis is a novel iron-dependent programmed cell 
death, which exerts an active effect on suppressing NSCLC 
progression [13, 25, 26]. Some studies have demonstrated that 
circRNAs regulate ferroptosis through miRNAs in cancers. 
For instance, circRHOT1 prohibits ferroptosis through 
miR-106a-5p in breast cancer [27]. Besides, circ_0067934 
inhibits ferroptosis by sponging miR-545-3p to activate the 
ferroptosis-negative regulator solute carrier family 7 member 
11 (SLC7A11) in thyroid cancer [28]. To date, only one 
study has reported that circDTL suppresses ferroptosis by 
miR-1287-5p to upregulate the ferroptosis-negative regulator 
glutathione peroxidase 4 (GPX4) expression in NSCLC [29]. 
Thus, the roles of circRNAs, including hsa_circ_0011536, in 
ferroptosis of NSCLC remain unclear.

Therefore, the primary aim of this study was to investi-
gate whether m6A modification regulated hsa_circ_0011536 
expression and hsa_circ_0011536 induced ferroptosis 
through miRNA in NSCLC.      

Materials and methods

Cell culture. NSCLC cell lines, including A549, SK-MES-1, 
and NCI-H1299 cells, and normal human alveolar epithelial 

type II (AT2) cells were obtained from the Cell Bank at the 
Chinese Academy of Sciences (Shanghai, China). Cells were 
cultured in RPMI-1640 medium (Hyclone, South Logan, 
UT, USA) containing penicillin-streptomycin (100 U/ml, 
Hyclone) and fetal bovine serum (FBS, 10%, Hyclone) in a 
humidified incubator with 5% CO2 at 37 °C.

Cell transfection. hsa_circ_0011536 expression vector, 
blank expression vector, hsa-miR-576-5p mimic, mimic 
negative control (NC), biotin-labeled hsa-miR-576-5p 
pulldown probe, NC probe, FTO alpha-ketoglutarate 
dependent dioxygenase (FTO) siRNA and siRNA NC 
obtained from Hytran Biotech (Guangzhou, Guangdong, 
China) were transfected into A549 and NCI-H1299 cells 
by Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) 
according to the manufacturer’s instructions. After trans-
fection for 48 h, cells were collected and used for the subse-
quent experiments. The siRNAs used in this study were as 
follows: FTO sense: 5’-AUAGCAGUCUCCUUGGUGA-3’, 
antisense: 5’-ACCAAGGAGACUGCUAUUU-3’; siRNA 
NC sense: 5’-UUCUCCGAACGUGUCACGU-3’, antisense: 
5’-ACGUGACACGUUCGGAGAA-3’.

Quantitative reverse transcription-PCR (qRT-PCR). 
Total RNA from A549, SK-MES-1, NCI-H1299, and AT2 
cells was extracted using TRIzol (Invitrogen, USA). Next, 
reverse transcription of RNA to cDNA was performed using 
PrimeScriptTM II 1st Strand cDNA Synthesis Kit (TaKaRa 
Biotechnology, Dalian, Liaoning, China) according to the 
manufacturer’s instructions. Subsequently, qRT-PCR was 
performed by TB Green® Premix Ex Taq™ (Tli RNaseH 
Plus) (Takara Biotechnology). Then the amount of target 
RNA was normalized to the amount of internal control 
(GAPDH), and the results were given by 2–ΔΔCt relative to 
the control sample. The primers used in this study were as 
follows: hsa_circ_0011536 forward: 5’-GGGATTCCAGC-
TACCCATTT-3’, reverse: 5’-GCTGTCAAGGGTAGGAGT-
TAAG-3’; TFRC forward: 5’-CGCTGGTCAGTTCGT-
GATTA-3’, reverse: 5’-CTGGAAGTAGCACGGAAGAAG-3’; 
pre- zinc finger MYM-type containing 4 (ZMYM4) 
forward:  5’-CACACAGCATGAATCAGACAATG-3’, 
reverse: 5’-TTTCACGTTCATAAGTTAGGTCTCT-3’; FTO 
forward: 5’-ACACACCGAGGCTGAAATAG-3’, reverse: 
5’-CTTCATCTTGTCCGTTGTAGGA-3’; GAPDH forward: 
5’-AACGGATTTGGTCGTATTGGG-3’, reverse: 5’-CCTG-
GAAGATGGTGATGGGAT-3’.

Bioinformatics analysis. m6A sites on hsa_circ_0011536 
were predicted by RMVar v2.0 (https://rmvar.renlab.cn/#/
home). Besides, targeted miRNAs of hsa_circ_0011536 were 
dug using CircRNA Interactome (https://circinteractome.
nia.nih.gov/). Moreover, TargetScan (www.targetscan.org/) 
was utilized to explore the downstream target of hsa-miR-
576-5p.

Methylated RNA Immunoprecipitation (MeRIP). 
MeRIP was performed using the MeRIP Kit purchased 
from Hytran Biotech. Briefly, AT2, A549, and NCI-H1299 
cells were collected and lysed, followed by the interruption 
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of RNA using the RNA fragmentation Buffer according to 
the manufacturer’s procedures. Then, the cell lysate was 
incubated with m6A-specific antibody at 4 °C overnight. 
Subsequently, m6A-specific antibody and m6A-modified 
RNA fragments were captured by avidin magnetic beads, and 
the level of m6A-modified RNA was identified by qRT-PCR.

miRNA pulldown. First, biotin-labeled hsa-miR-576-5p 
pulldown probe (AUUCUAAUUUCUCCACGUCUUU) 
and NC pulldown probe were synthesized by Hytran Biotech. 
Then, probes were transfected into A549 and NCI-H1299 cells 
using Lipofectamine 2000 (Invitrogen). After transfection, 
cells were collected by centrifugation and treated with lysis 
buffer, and 20 μl of cell supernatant was collected as input. 
Next, for the precipitate, magnetic beads (Thermo Fisher 
Scientific) were incubated with biotinylated hsa-miR-576-5p 
or NC probes to generate probe-coated beads, followed by 
incubation with cell lysates at 4 °C overnight. Subsequently, 
the RNAs associated with the beads were collected and 
purified. Then the abundance of hsa_circ_0011536, TFRC 
mRNA, or GAPDH in bound fractions was determined by 
qRT-PCR.

Western blot (WB). Total proteins were extracted from 
A549, SK-MES-1, NCI-H1299, and AT2 cells using RIPA 
buffer (Cell Signaling Technology, Danvers, MA, USA), 
and the concentration of proteins was quantified by BCA 
Protein Quantification Kit (Abbkine, Wuhan, Hubei, 
China). Then the same amount of protein was separated by 
SDS-PAGE and transferred to PVDF membranes (Millipore, 
Bedford, MA, USA), and then the PVDF membranes were 
incubated with 5% milk followed by primary antibodies 
at 4 °C overnight. Next, PVDF membranes were washed 
with Tris-Buffered Saline (TBS) and incubated with corre-
sponding second antibodies (SouthernBiotech, Birmingham, 
AL, USA) at room temperature (RT) for 1 h. Subsequently, 
PVDF membranes were visualized by Chemiluminescence 
Detection Kit (Beyotime, Shanghai, China). The primary 
antibodies used in this study included TFRC (1:1000, 
#PAB171Hu01, USCN, Wuhan, Hubei, China) and GAPDH 
(1:10000, #KC-5G5, KangCheng, Shanghai, China).

Luciferase reporter assay. The wild type (WT) 3’UTR 
region of TFRC mRNA containing the putative binding site 
with hsa-miR-576-5p was amplified by PCR and cloned into 
pmirGLO luciferase reporter vector (Hytran Biotech). To 
construct the hsa_circ_0011536 expression vector, the cDNA 
sequence of hsa_circ_0011536 (755 bp) was obtained by PCR 
amplification using the following primers: hsa_circ_0011536-
OE forward: 5’-CCCTTCTCAAGACGGATCCGTGGT-
GGTATCATGGATACAGAAATGTCTGAA-3’,  reverse: 
5’-TTGAGCTCTCCACTCGAATTCTTGAGCATTGT-
CAGGTTCATCTTTTATTTTGTCTAGTA-3’, and then 
cloned into the PcircRNA-hsa vector (Hytran Biotech). Then 
the luciferase reporter plasmids were co-transfected with 
hsa-miR-576-5p mimics, mimics NC, hsa_circ_0011536 
expression vector, or blank expression vector into A549 cells 
and NCI-H1299 cells using Lipofectamine 2000 (Invitrogen). 

Following 48 h transfection, relative luciferase activity was 
determined using the Dual-Luciferase Reporter Assay 
System (Promega, Madison, WI, USA) with Renilla lucif-
erase activity as the internal control.

CCK-8 assay. Cell proliferation was evaluated by using 
the cell counting kit-8 assay (Beyotime) according to 
the manufacturer’s instructions. In brief, A549 cells and 
NCI-H1299 cells were seeded into 96-well plates. Following 
0 h, 24 h, 48 h and 72 h transfection of hsa_circ_0011536 
expression vector, blank expression vector, hsa-miR-576-5p 
mimics or mimics NC, 10 μl CCK‐8 solution was added to 
incubate cells for 4 h, then the absorbance was detected by 
the Multiscan MK3 microplate reader (Thermo Fisher Scien-
tific, Waltham, MA, USA) at 450 nm.

Determination of intracellular iron content. Intracel-
lular iron content was evaluated by using the Iron Colori-
metric Assay Kit (Applygen, Beijing, China) following the 
manufacturer’s protocol. In brief, A549 cells and NCI-H1299 
cells were seeded into 96-well plates. Following 48 h transfec-
tion of hsa_circ_0011536 expression vector, blank expression 
vector, hsa-miR-576-5p mimics or mimics NC, cells were 
collected for detection. The absorbance of cells was detected 
by a Multiscan MK3 microplate reader (Thermo Fisher 
Scientific) at 550 nm.

Statistical analysis. All data in this study were obtained 
from three replicates and presented as mean ± SD. All experi-
ments were repeated three times. Statistical differences were 
determined by Student’s t-test (two groups) or post-hoc 
Tukey’s test following one-way ANOVA (multiple groups) 
using SPSS software (v20, SPSS Inc., Chicago, IL, USA). A 
p-value <0.05 was considered a significant threshold.

Results

hsa_circ_0011536 is downregulated in NSCLC tissues 
and cell lines. The data of circRNA microarray (GSE158695) 
from a previous study have shown that hsa_circ_0011536 
is dramatically downregulated in NSCLC tissues compared 
to that in non-cancer normal tissues (Figure 1A). Besides, 
the level of hsa_circ_0011536 was also detected in several 
NSCLC cell lines by qRT-PCR. Results found that the level 
of hsa_circ_0011536 was significantly decreased in NSCLC 
cell lines, including A549, SK-MES-1, and NCI-H1299 
cells, compared to that in AT2 cells (Figure 1B). These 
results suggested that hsa_circ_0011536 was downregu-
lated in NSCLC tissues and cell lines. Moreover, A549 and 
NCI-H1299 cells were utilized in the following experiments, 
as the hsa_circ_0011536 level in A549 and NCI-H1299 cells 
declined more than that in SK-MES-1 cells.

m6A modification increases hsa_circ_0011536 expres-
sion in A549 and NCI-H1299 cells. Next, the mechanism 
regulating hsa_circ_0011536 expression in NSCLC was 
investigated. Bioinformatics analysis showed that there were 
two potential m6A sites near the back-splicing junction of 
hsa_circ_0011536 (Figure 2A), suggesting that m6A modifi-
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Figure 1. hsa_circ_0011536 is downregulated in NSCLC tissues and cell lines. A) The level of hsa_circ_0011536 in NSCLC tissues and non-cancer nor-
mal tissues. B) The level of hsa_circ_0011536 in A549, SK-MES-1, NCI-H1299, and AT2 cells. N=3 replicates. *p<0.05, **p<0.01, ***p<0.001

Figure 2. m6A modification enhanced the back-splicing of pre-ZMYM4 to increase hsa_circ_0011536 expression in A549 and NCI-H1299 cells. A) 
The potential m6A sites in hsa_circ_0011536. B) The m6A modification level of pre-ZMYM4 detected by MeRIP in A549 and NCI-H1299 cells. C) FTO 
mRNA level in A549 and NCI-H1299 cells treated with or without FTO siRNA. D) Levels of hsa_circ_0011536 and pre-ZMYM4 in A549 and NCI-
H1299 cells treated with or without FTO siRNA. Abbreviation: NC-negative control; N=3 replicates. *p<0.05, **p<0.01, ***p<0.001



HSA_CIRC_0011536 PROMOTES FERROPTOSIS OF NSCL CANCER CELLS 257

cation might contribute to the back-splicing progress of hsa_
circ_0011536.

As hsa_circ_0011536 derives from ZMYM4, the 
m6A modification level of pre-ZMYM4 was detected by 
MeRIP. Results indicated that the m6A modification level 
of pre-ZMYM4 was significantly decreased in A549 and 
NCI-H1299 cells compared to that in AT2 cells (Figure 
2B). Subsequently, m6A demethylase FTO was silenced by 
siRNA in A549 and NCI-H1299 cells (Figure 2C), and levels 
of pre-ZMYM4 and hsa_circ_0011536 were detected using 
qRT-PCR. It was shown that FTO silence elevated hsa_
circ_0011536 level in A549 and NCI-H1299 cells (Figure 
2D), while FTO silence had no effect on pre-ZMYM4 level 
in A549 and NCI-H1299 cells (Figure 2D). Therefore, the 
above results suggested that m6A modification enhanced the 
back-splicing of pre-ZMYM4 to increase hsa_circ_0011536 
expression in A549 and NCI-H1299 cells.

hsa-miR-576-5p is the targeted miRNA of hsa_
circ_0011536 in A549 and NCI-H1299 cells. Then targeted 
miRNAs of hsa_circ_0011536 in NSCLC were explored. 
Bioinformatic analysis by CircRNA Interactome found that 
hsa-miR-576-5p was a potential targeted miRNA of hsa_
circ_0011536 (Figure 3A). Furthermore, results of miRNA 
pulldown demonstrated that hsa-miR-576-5p associated with 
hsa_circ_0011536 in A549 and NCI-H1299 cells (Figures 3B, 
3C). The above data suggested that hsa-miR-576-5p was the 
target of hsa_circ_0011536 in A549 and NCI-H1299 cells.

TFRC is the downstream target of hsa-miR-576-5p in 
A549 and NCI-H1299 cells. Subsequently, TargetScan was 
utilized to investigate the downstream target of hsa-miR-
576-5p in NSCLC. Bioinformatic analysis indicated that TFRC 
should be the potential target of hsa-miR-576-5p (Figure 
3A). TFRC is a recognized inducer of ferroptosis [26, 30, 31]. 
Besides, miRNA pulldown revealed that hsa-miR-576-5p 
associated with TFRC mRNA in A549 and NCI-H1299 cells 
(Figures 3B, 3C). Thus, TFRC was the downstream target of 
hsa-miR-576-5p in A549 and NCI-H1299 cells.

hsa_circ_0011536 elevates TFRC expression through 
sponging hsa-miR-576-5p in A549 and NCI-H1299 cells. 
The TFRC expression was detected in several NSCLC cell 
lines by qRT-PCR and WB. Results showed that both TFRC 
mRNA level and protein level were downregulated in NSCLC 
cell lines, including A549, SK-MES-1, and NCI-H1299 cells, 
compared to those in normal human AT2 cells (Figures 4A, 
4B). Therefore, the expression pattern of TFRC was similar 
to that of hsa_circ_0011536 in A549 and NCI-H1299 cells.

Subsequently, the luciferase activity of A549 and 
NCI-H1299 cells transfected with reporter gene vectors 
containing the binding site of hsa-miR-576-5p on 3’ UTR 
of TFRC mRNA was decreased by the co-transfection 
of hsa-miR-576-5p mimic, whereas co-transfection of 
hsa_circ_0011536 expression vector reversed the effect of 
hsa-miR-576-5p mimic (Figures 4C, 4D). Besides, transfec-
tion of a blank expression vector had no effect on the lucif-
erase activity of A549 and NCI-H1299 cells (Figures 4C, 4D).

Figure 3. hsa-miR-576-5p is the targeted miRNA of hsa_circ_0011536, 
while TFRC is the downstream target of hsa-miR-576-5p in A549 
and NCI-H1299 cells. A) The binding site of hsa-miR-576-5p in hsa_
circ_0011536 and the binding site of hsa-miR-576-5p in TFRC mRNA 
3’UTR region. B) miRNA pulldown and qPCR analysis of the associa-
tion between hsa_circ_0011536 and hsa-miR-576-5p or the interaction 
of hsa-miR-576-5p and TFRC mRNA in A549 cells. C) miRNA pulldown 
and qPCR analysis of the association between hsa_circ_0011536 and hsa-
miR-576-5p or the interaction of hsa-miR-576-5p and TFRC mRNA in 
NCI-H1299 cells. Abbreviation: NC-negative control; N=3 replicates.

Thus, these data together suggested that TFRC was the 
target of hsa-miR-576-5p, and hsa_circ_0011536 elevated 
TFRC expression by sponging hsa-miR-576-5p in A549 and 
NCI-H1299 cells.

hsa_circ_0011536 induces ferroptosis through 
hsa-miR-576-5p in A549 and NCI-H1299 cells. To further 
identify whether hsa_circ_0011536 induced ferroptosis in 
NSCLC through hsa-miR-576-5p, hsa_circ_0011536 expres-
sion vector and hsa-miR-576-5p mimic were utilized.



258 Junming HUANG, et al.

First, cell proliferation was detected by CCK-8 assay. 
Results showed that overexpression of hsa_circ_0011536 
inhibited the proliferation of A549 cells and NCI-H1299 
cells, whereas hsa-miR-576-5p overexpression abolished the 
effect of overexpression of hsa_circ_0011536 on the prolif-
eration of A549 and NCI-H1299 cells (Figures 5A, 5B).

Next, markers of ferroptosis, including intracellular iron 
content and MDA level, were detected by ELISA. Results 
found that overexpression of hsa_circ_0011536 increased 
intracellular iron and MDA level in A549 and NCI-H1299 
cells (Figure 5C, 5D). Besides, hsa-miR-576-5p overexpres-
sion reduced hsa_circ_0011536-elevated intracellular iron 
and MDA level in A549 cells and NCI-H1299 cells (Figure 
5C, 5D). Taken together, the above results suggested that 
hsa_circ_0011536 induced ferroptosis through hsa-miR-
576-5p in A549 and NCI-H1299 cells.

Discussion

This study revealed that hsa_circ_0011536 was downregu-
lated in NSCLC cell lines. Mechanism investigation revealed 

that m6A modification enhanced the back-splicing of 
pre-ZMYM4 to increase hsa_circ_0011536 expression in 
A549 and NCI-H1299 cells. Besides, hsa-miR-576-5p was the 
target of hsa_circ_0011536, while TFRC was the downstream 
target of hsa-miR-576-5p in A549 and NCI-H1299 cells. 
Moreover, hsa_circ_0011536 elevated TFRC expression by 
sponging hsa-miR-576-5p in A549 and NCI-H1299 cells. 
Furthermore, hsa_circ_0011536 induced ferroptosis through 
hsa-miR-576-5p in A549 and NCI-H1299 cells.

To date, the functional effects of hsa_circ_0011536 
are largely unknown. Only one study has revealed that 
hsa_circ_0011536 might be an innovative predictor for the 
prognosis of colorectal cancer (CRC) [32]. Therefore, this 
study revealed the functional effect of hsa_circ_0011536 on 
ferroptosis for the first time.

Our findings revealed that m6A modification enhanced the 
back-splicing of pre-ZMYM4 to increase hsa_circ_0011536 
expression in NSCLC. However, the mechanism of m6A 
modification regulating the back-splicing progress of 
pre-ZMYM4 to increase hsa_circ_0011536 expression was 
not explored in this study. A recent study has demonstrated 

Figure 4. hsa_circ_0011536 elevates TFRC expression through sponging hsa-miR-576-5p in A549 and NCI-H1299 cells. A) The level of TFRC mRNA 
in A549, SK-MES-1, NCI-H1299, and AT2 cells. B) The level of TFRC protein in A549, SK-MES-1, NCI-H1299, and AT2 cells. C) Luciferase ac-
tivity of A549 cells co-transfected with reporter gene vectors containing the binding site of hsa-miR-576-5p on TFRC mRNA 3’ UTR region and 
hsa_circ_0011536 expression vectors or hsa-miR-576-5p mimics. D) Luciferase activity of NCI-H1299 cells co-transfected with reporter gene vectors 
containing the binding site of hsa-miR-576-5p on TFRC mRNA 3’ UTR region and hsa_circ_0011536 expression vectors or hsa-miR-576-5p mimics. 
Abbreviations: OE-overexpression; WT-wild type. N=3 replicates. *p<0.05, **p<0.01, ****p<0.0001
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that DEAD-box helicase 5 (DDX5) binds to m6A-modified 
pre-mRNAs by interacting with m6A reader YTH N6-methyl-
adenosine RNA binding protein C1 (YTHDC1) and facili-
tates the back-splicing process of pre-mRNAs to generate 
circRNAs [33]. Thus, m6A modification might enhance 
the back-splicing reaction of pre-ZMYM4 to increase hsa_
circ_0011536 expression through the YTHDC1/DDX5 axis 
in NSCLC.

Several studies have demonstrated the role of hsa-miR-
576-5p in cancers. For instance, hsa-miR-576-5p might 
enhance the metastasis of CRC by targeting Wnt family 
member 5A [34]. Besides, long non-coding RNA (lncRNA) 
linc-PINT suppresses esophageal cancer progression 
through sponging hsa-miR-576-5p [35]. Moreover, hsa-miR-
576-5p promotes the metastasis of esophageal squamous cell 
carcinoma cells via decreasing nuclear receptor-interacting 
protein expression [36]. However, the role of hsa-miR-
576-5p in NSCLC remains unknown, and the present study 
uncovered the effect of hsa-miR-576-5p in NSCLC for the 
first time. Consistent with the role of hsa-miR-576-5p in 
other cancers, hsa-miR-576-5p also exerted oncogenic effects 
on NSCLC through inhibiting ferroptosis.

It has been reported that circRNAs play numerous critical 
roles, including miRNA sponges [10, 12-14]. Some studies 

have uncovered circRNAs regulating hsa-miR-576-5p. hsa_
circ_0001666 inhibits CRC progression through upregu-
lating protocadherin 10 as a sponge of hsa-miR-576-5p 
[37]. Besides, circ_0037078 enhances the growth, migration, 
invasion, and angiogenesis of trophoblast cells by sponging 
miR-576-5p [38]. However, the effect of hsa_circ_0011536 
on hsa-miR-576-5p has not been studied. Thus, our study 
revealed the regulatory effect of hsa_circ_0011536 on 
hsa-miR-576-5p for the first time.

TFRC is a recognized inducer of ferroptosis [30, 31]. 
Previous studies have revealed that TFRC could be regulated 
by miRNAs. For example, hsa-miR-144-3p suppresses TFRC 
expression in glioma [39]. Besides, miR-378g facilitates the 
growth and mobility of laryngeal cancer cells by targeting 
TFRC [40]. Nevertheless, the regulatory effect of hsa-miR-
576-5p on TFRC is largely unknown. Therefore, this study 
also revealed the regulatory effect of hsa-miR-576-5p on 
TFRC for the first time.

Additionally, there were some limitations of this study. For 
example, this study could be strengthened by identifying the 
mechanism of m6A modification regulating the back-splicing 
of pre-ZMYM4 to increase hsa_circ_0011536 expres-
sion. Besides, the findings of the current study should be 
confirmed by in vivo experiments. Moreover, patient samples 

Figure 5. hsa_circ_0011536 induces ferroptosis through hsa-miR-576-5p in A549 and NCI-H1299 cells. A) The growth rate of A549 cells transfected 
with hsa_circ_0011536 expression vectors or hsa-miR-576-5p mimics. B) The growth rate of NCI-H1299 cells transfected with hsa_circ_0011536 ex-
pression vectors or hsa-miR-576-5p mimics. C) The intracellular iron content of A549 and NCI-H1299 cells transfected with hsa_circ_0011536 expres-
sion vectors or hsa-miR-576-5p mimics. D) The MDA level in A549 and NCI-H1299 cells transfected with hsa_circ_0011536 expression vectors or 
hsa-miR-576-5p mimics. Abbreviations: OE-overexpression; NC-negative control. N = 3. *p<0.05, **p<0.01, ***p<0.001
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with relevant clinical details should be involved to enhance 
transparency and reproducibility. Additionally, comparative 
treatments or controls would be used to assess the effective-
ness of targeting hsa_circ_0011536. Our future studies will 
be committed to solving the above limitations.

In summary, this study revealed that m6A-induced hsa_
circ_0011536 elevated TFRC expression to induce ferroptosis 
by sponging hsa-miR-576-5p in NSCLC. These results might 
provide novel therapeutic targets for NSCLC treatment.
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