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circ_0075829 regulates ferroptosis and immune escape in colon cancer cells 
through the miR-330-5p/TCF4 axis 
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Many lines of evidence suggest that circular RNAs (circRNAs) are closely associated with the occurrence and progres-
sion of colon cancer. The objective of this study was to investigate the regulatory effects and mechanisms of circ_0075829 on 
ferroptosis and immune escape in colon cancer. We utilized colon cancer cell lines and a xenograft mouse model to analyze 
the function of circ_0075829 in vitro and in vivo. The gene expression level was assessed by qRT-PCR and western blotting. 
Cell proliferation was evaluated using the CCK-8 assay. The targeting relationships between circ_0075829, miR-330-5p, 
and TCF4 were analyzed through a dual-luciferase reporter experiment and RNA pull-down experiment. Cytokine levels 
were measured using the ELISA assay. Fe2+, MDA, and SOD levels were tested using appropriate kits, and the ROS level 
was detected by immunofluorescence. Knockdown of circ_0075829 resulted in increased levels of Fe2+, ROS, and MDA 
and decreased levels of GPX4 and xCT proteins in cells. Furthermore, silencing of circ_0075829 increased the cell prolif-
eration rates of CD8+T cells co-cultured with colon cells. Moreover, it also enhanced IFN-γ, IL-2, and TNF-α concentra-
tion in the supernatants of the co-culturing system and reduced PD-L1 protein expression levels. Subsequently, silencing 
of circ_0075829 induced ferroptosis and inhibited immune escape in vivo. Meaningfully, we certified that circ_0075829 
functions as a sponge for miR-330-5p, leading to the upregulation of TCF4 expression. TCF4 was identified as a downstream 
target of miR-330-5p. Additionally, co-transfection with anti-miR-330-5p or TCF4 overexpression plasmid reversed the 
effects observed following the knockout of circ_0075829. Collectively, our research indicates that the circ_0075829 plays a 
significant role in regulating ferroptosis and immune escape in colon cancer by sponging miR-330-5p to modulate TCF4 
expression. 
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Colon cancer, a malignant tumor of the digestive system, is 
prevalent among the Chinese population, with rectal cancer 
being the most common subtype [1]. The pathogenesis of the 
disease remains unclear, but it is believed to be influenced 
by environmental factors, diet, and genetic predispositions 
[2]. Despite rapid advancements in clinical therapies for 
colon cancer over recent years, prognostic outcomes have 
not been satisfactory [3]. Therefore, identifying new thera-
peutic targets remains critically important for patients with 
colon cancer. Recent studies have indicated that ferroptosis 
may play a regulatory role in the progression and treatment 
of various cancers [4]. Increasing studies have demonstrated 
that certain genes associated with ferroptosis can serve as the 
prognostic indicators in colon cancer [5, 6]. Additionally, 
immune escape is an extremely crucial process in the devel-

opment of colon cancer [7]. Nevertheless, many unresolved 
issues persist regarding the regulatory mechanisms under-
lying ferroptosis and immune escape and their implications 
for colon cancer management.

Circular RNA (circRNA) is a multifunctional molecule 
that plays a significant role in cancer development and 
metastasis [8]. An increasing body of research has identified 
circRNAs as an important class of biomarkers in colon cancer. 
For example, circ_0055625 has been found to promote tumor 
growth in colon cancer, thus serving as a potential biomarker 
for this disease [9]. In addition, hsa_circ_0004585 exhibits 
high expression levels in colorectal cancer (CRC) patients, 
possesses carcinogenic properties, and is associated with 
cancer metastasis [10]. A classifier based on circRNA can 
serve as an effective prognostic tool for predicting postop-
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erative tumor recurrence in patients with stage II/III colon 
cancer [11]. circ_0075829 is formed by reverse splicing 
of LINC00340. LINC00340, also known as CASC15, is a 
long non-coding RNA gene located on human chromo-
some 6 [12]. CASC15 has been closely linked to the occur-
rence and progression of various cancers, including colon 
cancer [13]. Although there are limited studies regarding the 
role of circ_0075829 in oncology, one study indicated that 
circ_0075829 shows increased expression levels in pancre-
atic cancer tissue based on circRNA microarray data [14]. 
Furthermore, recent research reported that the expression of 
circ_0075829 was significantly elevated in pancreatic cancer 
tissues and functions as an oncogene [15]. However, overex-
pression of circ_0075829 in neuroblastoma appears to inhibit 
cell proliferation and migration, and its high expression 
correlates with favorable clinical phenotype [16]. Nonethe-
less, the regulatory function of circ_0075829 in colon cancer 
and its underlying mechanism remains unexplored.

MicroRNAs (miRNAs) are intricately associated with the 
occurrence, development, diagnosis, treatment, prognosis, 
and other aspects of various diseases, including cancer [17]. 
miRNA is particularly linked to the occurrence, progres-
sion, and treatment of colon cancer [18]. Numerous studies 
have indicated that circRNAs, functioning as molecular 
sponges for miRNAs, possess multiple binding sites for 
miRNAs. Consequently, circRNAs can moderate the inhibi-
tory effects of miRNAs on their target genes and enhance 
their expression [19]. For example, it has been demonstrated 
that circCTNNA1 can counteract the inhibitory effect of 
miR-149-5p on FOXM1, and the targeting relationship 
between circCTNNA1, miR-149-5p, and FOXM1 promotes 
proliferation and invasion in CRC cells [20]. Furthermore, 
research has shown that the expression of miR-330-5p 
decreases in colon cancer where it functions as a tumor 
suppressor gene [21]. The miR-330 gene is located on 
human chromosome 19 [22] and plays an important role 
in the pathogenesis of various cancers. miR-330-5p belongs 
to the miR-330 family. Several investigations have revealed 
that miR-330-5p can be regulated by circRNAs to affect the 
phenotype of colon cancer. For example, Zhao et al. [23] 
indicated that miR-330-5p was the target of circRNA_000166 
and regulated cell proliferation, migration, and invasion in 
colon cancer. Moreover, the inhibitory effects of miR-330-5p 
on CRC cell proliferation and metastasis were mitigated by 
the upregulation of circ-FARSA [24]. Based on the prediction 
from CircInteractome, we hypothesize that circ_0075829 
acts as a sponge for miR-330-5p. Nevertheless, the action of 
circ_0075829 and miR-330-5p in colon cancer needs to be 
further studied.

The objective of our research was to investigate the biolog-
ical role of circ_0075829 in colon cancer ferroptosis and 
immune escape, as well as to further examine the correlations 
among circ_0075829, miR-330-5p, and TCF4. The findings 
may offer a potentially significant therapeutic approach for 
clinical treatment and prognosis in colon cancer.

Materials and methods

Cell culture and transfection. HCT116 and SW480, 
human colon cancer cell lines, were obtained from the Cell 
Bank of the Chinese Academy of Sciences (#TCHu99 and 
TCHu172, Shanghai, China). The cells were cultured in 
DMEM (#11995065, Gibco, MA, USA) supplemented with 
10% fetal bovine serum (#10099, Gibco) with 5% CO2 at 
37 °C.

The circ_0075829 silencing (sh-circ_0075829) and 
negative control (sh-NC), miR-330-5p overexpression 
(miR-330-5p mimic) and its corresponding negative control 
(miR-NC), antisense RNA against miR-330-5p (anti-miR-
330-5p) and its control (anti-NC), lentiviral vector of TCF4 
were provided by RiboBio (Guangzhou, China). Transfection 
was performed using a Lipofectamine 2000 transfection kit 
(#11668-019, Invitrogen, Carlsbad, USA) in accordance with 
the manufacturer’s specifications. The oligos sequences are 
shown in Supplementary Table S1.

Fe2+, MDA, and SOD levels. The Iron Assay, MDA, and 
SOD test kits (#ab83366, Abcam, UK; #S0131 and #S0101, 
Beyotime, Shanghai, China) were utilized to measure the 
levels of Fe2+, MDA, and SOD in sample cells, respectively. 
The specific experimental procedures were conducted 
strictly according to the instructions of the kit. This assay was 
performed in triplicate.

Lipid ROS detection. The level of lipid reactive oxygen 
species (ROS) was assessed using the C11-BODIPY 581/591 
kit (#D3861, Thermo Fisher Scientific, Waltham, MA, USA). 
In brief, HCT116 and SW480 cells were seeded in 6-well 
plates at a density of 5×104 cells/well) for 24 h and subse-
quently incubated with 2 μM C11-BODIPY 581/591 for 30 
min. The cells were then examined using a laser scanning 
confocal microscope and analyzed with ImageJ. The oxidized 
BODIPY (O-BODIPY) and reduced BODIPY (R-BODIPY) 
were detected at excitation/emission wavelengths of 488/510 
(traditional FITC filter set) and 581/591 nm (Texas Red filter 
set), respectively. Three replicates were performed for each 
process.

Western blotting (WB). SDS-PAGE gel (#CW0022, 
CWBIO, Beijing, China) separated equivalent protein 
extracted from HCT116 and SW480 cells. Subsequently, 
these samples were transferred onto PVDF membranes 
(#JKA40001, OKA, Beijing, China) and treated with defatted 
milk. The membranes were then incubated with primary 
antibodies at 4 °C overnight and treated with horseradish 
peroxidase-conjugated goat anti-rabbit IgG second antibody 
(#ab205718, 1:1500, Abcam, Cambridge, UK) at room temper-
ature. After 1 h, ECL and ImageJ were applied to visualize and 
analyze the protein bands. The primary antibodies employed 
in this study are shown below: anti-GPX4 (#ab125066, 
1:1000, Abcam), anti-xCT (#ab37185, 1:500, Abcam), anti-
PD-L1 (#ab213480, 1:1000, Abcam), anti-TCF4 (#ab185736, 
1:1000, Abcam), anti-GAPDH (#ab181602, 1:2000, Abcam). 
This assay was carried out at least three times.
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Immune escape assay. The peripheral blood mononu-
clear cells (PBMCs) were isolated from the peripheral 
blood of healthy volunteers using Ficoll density gradient 
centrifugation. Easy-Sep™ Direct Human CD8+ T cell Isola-
tion Kit (#550583, STEMCELL Technologies, Canada) 
was employed to acquire CD8+ T cells. These cells were 
cultured in RPMI-1640 medium and activated by anti-CD3/
anti-CD28 antibodies (#10970, STEMCELL) and IL-2 
(#78036, STEMCELL) for 48 h. HCT116 and SW480 cells 
that had undergone different transfection treatments were 
co-cultured with the activated CD8+ T cells at a ratio of 
1:10 for 48 h. Based on the growth characteristics of both 
suspended CD8+ T cells and adherent tumor cells, the 
suspended CD8+ T cells were directly harvested by centrifu-
gation for subsequent experiments. The tumor cells adhering 
to the wall were digested with trypsin before being collected 
through centrifugation. The viability of CD8+ T cells was 
assessed using the Cell Count Kit-8 assay (CCK-8, #CA1210, 
Solarbio, Beijing, China). Subsequently, levels of IFN-γ, IL-2, 
and TNF-α in the supernatants from the co-culturing system 
were quantified using commercial ELISA kits (#ab174443, 
#ab46054 and #ab208348, Abcam). This experiment was 
repeated in triplicate.

Construction of xenograft mouse model. All proce-
dures involving animal experiments were approved by the 
Ethics Committee of Renmin Hospital of Wuhan University 
(Hubei, China, Approval No. 202205). The huPBMC-NOG-
dKO female mice were obtained from Vital River Laboratory 
Animal Technology (Beijing, China). The xenograft tumor 
model was established following previously published litera-
ture [25, 26]. These mice were housed in filter-top cages with 
no more than six in each cage under a constant 12 h light/
dark cycle at 24±2 °C and 40–60% relative humidity. The 
mice had free access to feed and water at any time. All mice 
were acclimated for two weeks before the experiment. They 
were then randomized into two groups (N=6 for each group). 
The dorsal flanks of the mice were disinfected three times 
with 75% alcohol. One group received subcutaneous injec-
tions of 6×106 (100 μl of PBS) colon cancer cells transfected 
with sh-circ_0075829. The other group was injected with an 
equal volume containing sh-NC cells by the same method. 
The vital signs of the mice were monitored once a week 
after injection. After 5 weeks, xenograft mouse models were 
sacrificed via cervical dislocation [27] and complete tumor 
samples were collected. The whole experiment was carried 
out in specific pathogen-free conditions.

Hematoxylin and eosin (H&E) staining. The excised 
tumor tissues were treated with formaldehyde and subse-
quently embedded in paraffin (#A56132, OKA). The sections 
were stained with H&E and observed using light microscopy 
to verify the tumor tissues. The experiment was conducted 
with six tumor tissue samples.

Immunohistochemistry (IHC). The paraffin-embedded 
tissues were sectioned into 4 mm slices, dewaxed, and 
rehydrated. Subsequently, the sections were incubated with 

the primary antibody GPX4 (#ab125066, Abcam), xCT 
(#ab37185, Abcam), PD-L1 (#ab228415, Abcam), IFN-γ 
(#ab25101, Abcam), and CD8 (#ab93278, Abcam) overnight 
at 4 °C. Following incubation with a secondary antibody, 
the sections were stained with DAB (#SFQ004, 4A Biotech, 
Beijing, China) and counterstained with hematoxylin 
(#D10519, OKA). Staining intensity was scored as follows: 
0 (negative), 1 (weak), 2 (moderate), and 3 (strong). The 
staining area was scored as follows: 0 (0), 1 (1–25%), 2 
(26–50%), 3 (51–75%), and 4 (76–100%). The above proce-
dure was performed independently by two experienced 
pathologists. An Olympus microscope was used to observe 
the expression image of GPX4, xCT, PD-L1, IFN-γ, and CD8 
in the tissue sections. This assay was conducted on six tumor 
tissue samples.

Dual-luciferase reporter experiment. The wild-type 
fragments of circ_0075829 (circ_0075829-wt: 5’-CACAC-
GCAUGGAAAACCCAGAGG-3’) and TCF4 (TCF4-wt: 
5’-GGCUGAGACACAGCCCAGAGA-3’)  and  corre-
sponding mutant sequence (circ_0075829-mut: 5’-CACAC-
GCAUGGAAAAGGGUCUCG-3’ and TCF4-mut: 5’-GGC- 
UGUCUGUGUCGGGUCUCA-3’) were inserted into the 
luciferase reporter vector pmirGLO (cat. no. E1330, USA). 
Then, these luciferase vectors were co-transfected with 
miR-330-5p mimic and NC mimic into HCT116 and SW480 
cells using Lipofectamine 2000. After 48 h, the luciferase 
activity was measured utilizing a Dual-Luciferase Reporter 
Assay kit (#RG027, Beyotime). The experiment was repeated 
three times.

RNA pull-down experiment. HCT116 and SW480 
cells were lysed using lysis buffer and incubated with a 
biotin-labeled circ_0075829 probe (bio-circ_0075829, 
Genepharm, Shanghai, China) and negative control probe 
(Bio-NC, Genepharm) for 48h, respectively. Then the cells 
were enriched using streptavidin-anchored magnetic beads 
(#11206D, Invitrogen). After thoroughly washing the beads, 
the pull-down complex was collected to assess the enrich-
ment of miR-330-5p via qRT-PCR. All procedures were 
repeated 3 times.

qRT-PCR. TRIzol reagent (#15596-026, Invitrogen) 
was utilized for the total extraction of RNA from HCT116 
and SW480 cells. The commercial kit (#4366596, Thermo) 
was employed to inverse-transcribe miRNA into cDNA. 
The entire qRT-PCR process was conducted using the ABI 
7500 Fast Real-Time PCR System. U6 and β-actin served 
as the internal references, and results were calculated using 
the 2−ΔΔCt method. The primers are listed in Supplementary 
Table S2. The experiment was repeated in triplicate.

Statistical analysis. In our study, statistical analysis was 
conducted using SPSS (version 21.0). Data are presented as 
mean ± standard deviation (SD). The differences between 
the two groups were compared using Student’s t-test, while 
comparisons among multiple groups were performed with 
a one-way ANOVA. A p-value <0.05 manifested that the 
difference was statistically significant.
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sh-circ_0075829#3 was selected because it had the highest 
interference efficiency and could not generate remark-
able effects on the expression of CASC15 (Supplementary 
Figure S1). It is well known that levels of Fe2+, ROS, MDA, 
and SOD in cells will change during ferroptosis [28]. Notably, 
compared with the negative control group (sh-NC), the Fe2+ 
level was significantly increased in the sh-circ_0075829 group 

Results

Knockdown of circ_0075829 induced ferroptosis in 
vitro. To investigate the impact of circ_0075829 on ferrop-
tosis in colon cancer cells (HCT116 and SW480), we 
silenced circ_0075829 in both HCT116 and SW480 cells 
(Figure 1A). Compared with cells transfected with sh-NC, 

Figure 1. The effects of circ_0075829 on ferroptosis in colon cancer cells. sh-circ_0075829 was transfected into HCT116 and SW480 cells. A) qRT-PCR 
was used to detect the relative expression level of circ_0075829. B) Relative level of Fe2+ in cells. C) Relative level of Fe2+ in sh-circ_0075829 cells treated 
with erastin and ferrostatin-1 (fer-1). D–E) Relative level of lipid ROS in cells. (F) Relative level of MDA in cells. G) Relative level of SOD in cells. H) 
Relative expression level of GPX4 and xCT protein in cells was estimated by WB blotting. N=3. Compared with sh-NC *p<0.05, **p<0.01. Compared 
with sh-circ_0075829 ***p<0.001. #p<0.05, ##p<0.01, ###p<0.001
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(Figure 1B). To further elucidate the role of circ_0075829 in 
cell ferroptosis, we treated the cells with erastin (ferroptosis 
inducer) and Fer-1 (Ferrostatin-1, ferroptosis inhibitor), 
respectively. In comparison to the sh-circ_0075829 group, 
the Fe2+ level was obviously increased in sh-circ_0075829 + 
erastin but decreased in the sh-circ_0075829 + fer-1 group 
(Figure 1C). Additionally, we observed that ROS levels were 
prominently higher in the sh-circ_0075829 group than in 
the sh-NC group (p<0.01, Figures 1D, 1E). The MDA level 
was also elevated in sh-circ_0075829 cells (Figure 1F). 
However, the SOD level was reduced in sh-circ_0075829 cells 
compared with sh-NC cells (Figure 1G). GPX4 and xCT are 
critical proteins that prevent ferroptosis, and their protein 
levels and activity directly affect the occurrence of ferrop-
tosis [29]. The relative expression levels of GPX4 and xCT 
protein were remarkably decreased in the sh-circ_0075829 
group (Figure 1H). In summary, these findings demonstrated 
that the knockdown of circ_0075829 induced ferroptosis in 
colon cancer cells.

Knockdown of circ_0075829 inhibited immune 
escape in colon cancer cells. To investigate the potential 
impact of circ_0075829 on immune escape, we co-cultured 
sh-circ_0075829 colon cancer cells and CD8+ T cells for 
24 h. Compared to the sh-NC group, there was an increase 
in CD8+T cell proliferation in the sh-circ_0075829 group 
(Figure 2A). The concentrations of IFN-γ, IL-2, and TNF-α 

were elevated in the supernatants from the co-culturing 
system involving CD8+ T cells and sh-circ_0075829 colon 
cancer cells (Figures 2B–2D). Furthermore, compared with 
sh-NC cells, PD-L1 protein expression was significantly 
reduced in sh-circ_0075829 cells (Figure 2E). These findings 
suggested that the knockdown of circ_0075829 inhibited 
immune escape in colon cancer cells.

Knockdown of circ_0075829 induced ferroptosis and 
inhibited immune escape in vivo. To investigate the influ-
ence of circ_0075829 on ferroptosis and immune escape in 
vivo, we established a xenograft tumor model of colon cancer. 
Firstly, compared to the sh-NC group, both the subcutaneous 
tumor volume and weight were significantly reduced in the 
sh-circ_0075829 group (p<0.01, Figures 3A, 3B). Knockdown 
of circ_0075829 notably decreased the expression levels of 
ferroptosis marker protein GPX4 and xCT (Figures 3C, 3D). 
Furthermore, sh-circ_0075829 led to a significant increase in 
the expression of immune escape marker protein IFN-γ while 
reducing PD-L1 expression (Figures 3C, 3D). The results 
obtained from the mouse model experiment were consistent 
with those observed in cell studies. Tumor tissue samples were 
validated by H&E staining (Figure 3D). In addition, CD8 was 
clearly localized on the cell membrane within subcutaneous 
tumor tissues, and its level in the sh-circ_0075829 group was 
significantly higher than that observed in the sh-NC group 
(Figures 3C, 3D). Overall, these results demonstrated that 

Figure 2. The effects of circ_0075829 on immune escape of colon cancer cells. HCT116 and SW480 cells were treated sh-circ_0075829 and co-cultured 
with CD8+ T cells 24 h. A) The cell proliferation rate of CD8+ T cell was detected by CCK-8. B) IFN-γ concentration in the supernatants of CD8+ T 
cell was detected by ELISA assay. C) IL-2 concentration in the supernatants of the co-culturing system was detected by ELISA assay. D) TNF-α concen-
tration in the supernatants of the co-culturing system was detected by ELISA assay. E) Relative expression level of PD-L1 was estimated by WB. N=3. 
Compared with sh-NC *p<0.05, **p<0.01, ***p<0.001
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the knockdown of circ_0075829 effectively induced ferrop-
tosis and inhibited immune escape in vivo.

circ_0075829 bound to miR-330-5p. In light of the fact 
that circRNA primarily functions as a miRNA sponge in the 
cytoplasm, we predicted that circ_0075829 and miR-330-5p 
had underlying binding sites by CircInteractome (https://
circinteractome.nia.nih.gov) (Figure 4A). qRT-PCR analysis 
demonstrated that the miR-330-5p mimics significantly 
upregulated cellular levels of miR-330-5p compared to 
miR-NC (Figure 4B). And then, the luciferase activity was 
inhibited by miR-330-5p mimic in cells. Notably, mutating 
the predicted binding site between miR-330-5p and 

circ_0075829 abolished this inhibitory effect (Figure 4C). 
In the RNA pull-down assay, the biotinylated circ_0075829 
probe effectively enriched miR-330-5p when compared 
to the NC probe (Figure 4D). Accordingly, our findings 
confirmed the targeting relationship between circ_0075829 
and miR-330-5p.

miR-330-5p targeted TCF4. miR-330-5p and TCF4 were 
found to have a predicted binding site, as identified through 
the starBase (https://starbase.sysu.edu.cn) (Figure  5A). 
Subsequently, the interaction between miR-330-5p and 
TCF4 was validated using dual-luciferase reporter assays 
(Figure 5B, 5C). The WB results proved that overexpression 

Figure 3. The effect of knockdown of circ_0075829 on ferroptosis and immune escape in colon xenograft tumor mouse models. A) Images of the tumor 
were recorded, and tumor volumes were measured at different times. B) Tumor weights were measured after 35 days of treatment. C, D) The expression 
of GPX4, xCT, IFN-γ, PD-L1, and CD8 in the mouse tumor tissues was explored by IHC staining and H&E staining of tumor tissues. N=6. Compared 
with sh-NC *p<0.05, **p<0.01, ***p<0.001
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of miR-330-5p significantly reduced the TCF4 protein levels 
(Figure 5D). Additionally, qRT-PCR analysis confirmed that 
anti-miR-330-5p effectively downregulated miR-330-5p 
expression in cells (Figure 5E). Eventually, WB results 
indicated that sh-circ_0075829 markedly decreased the 
expression level of TCF4 protein. However, the expression 
of TCF4 protein was partially increased after co-transfection 
with anti-miR-330-5p (Figure 5F). Our results suggested 
TCF4 was a downstream target gene of miR-330-5p.

circ_0075829 regulated ferroptosis and immune escape 
via inducing miR-330-5p/TCF4 axis in colon cancer cells. 
According to the findings presented above, we hypothesized 
that circ_0075829 may regulate ferroptosis and immune 
escape in colon cancer cells through the miR-330-5p/TCF4 
axis. Firstly, we constructed a TCF4 overexpression plasmid, 
and transfection of this plasmid effectively increased TCF4 
in HCT116 and SW480 cells (Figure 6A). In terms of ferrop-

tosis, our results indicated that knockdown of circ_0075829 
significantly elevated both Fe2+ level and ROS level, while 
co-transfection with anti-miR-330-5p or TCF4 overexpres-
sion plasmid resulted in decreased Fe2+ level and ROS level 
(Figures 6B–6D). Regarding immune escape, the prolifera-
tion rate of CD8+ T cells was enhanced following co-cultured 
with knockdown of circ_0075829 colon cell. However, after 
co-transfection with anti-miR-330-5p or TCF4 overexpres-
sion plasmid, the proliferation rate of CD8+ T cells decreased 
again (Figure 6E). Furthermore, following the knockdown 
of circ_0075829, a higher level of IFN-γ was observed in 
co-cultured CD8+ T cells. In contrast, a lower level of IFN-γ 
was detected after co-transfection with anti-miR-330-5p 
or TCF4 overexpression plasmid (Figure 6F). Overall, our 
study suggested that circ_0075829 regulated ferroptosis 
and immune escape in colon cancer by modulating the 
miR-330-5p/TCF4 axis (Figure 7).

Figure 4. circ_0075829 targets miR-330-5p. A) The potential binding site of jbvb _0075829 in miR-330-5p was predicted by CircInteractome. B) qRT-
PCR was used to detect the relative expression level of miR-330-5p. Compared with miR-NC *p<0.05, **p<0.01, ***p<0.001. C) The targeting relation-
ship between circ_0075829 and miR-330-5p was verified by dual-luciferase reporter assay. Compared with miR-NC *p<0.05, **p<0.01, ***p<0.001. 
D) The interaction between circ_0075829 and miR-330-5p was verified by RNA pull-down assay. N=3. Compared with Bio-NC *p<0.05, **p<0.01, 
***p<0.001
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Discussion

With the rapid advancement of sequencing technology, 
analysis technology, and databases, an increasing number 
of circRNAs have been recognized as integral components 
in the emergence and progression of various cancers [30]. 
Research has shown that interference with hsa_circ_0044556 
can significantly reduce cell proliferation, migration, and 
invasion in CRC, demonstrating a positive correlation with 
the tumor stage [31]. Additionally, other studies have identi-
fied circRNA_100859 as an oncogene through the miR-217/
HIF-1α axis in colon cancer [32]. The effects of circ_0003204 
on the proliferation, motility, and angiogenesis of colon 
cancer cells were discussed in our previous research. This 
prior work also addressed the impact of circ_0003204 on 
tumor growth and its expression level within tumor tissue 
following interference. Therefore, this article will not elabo-

rate on these findings individually. In this research, we 
demonstrated that circ_0075829 played a crucial role in 
ferroptosis and immune escape in colon cancer both in cells 
and in mice model.

Ferroptosis is a form of programmed cell death that is 
dependent on iron and is particularly prevalent in tumor 
cells. Research has demonstrated that ferroptosis can serve 
as an effective strategy for tumor treatment [33]. Various 
tumor suppressor genes and oncogenic signals can influ-
ence their effects through the regulation of ferroptosis. Ever-
increasing studies have shown that the process of ferroptosis 
can be regulated by different circRNAs [34]. For instance, 
circLMO1 has been shown to inhibit the growth and metas-
tasis of cervical cancer by regulating ferroptosis mediated by 
miR-4291/ACSL4 [35]. Li et al. [36] indicated that circSTIL 
obstructed ferroptosis via miR-431/SLC7A11 signaling in 
CRC cells. Additionally, Qin et al. [37] found that circSnx12 

Figure 5. miR-330-5p binds to TCF4. A) Potential binding sites of miR-330-5p and TCF4 were predicted by starBase. B, C) The targeting relationship 
between miR-330-5p and TCF4 was verified in HCT116 and SW480 cells by dual-luciferase reporter assay. Compared with miR-NC *p<0.05, **p<0.01, 
***p<0.001. D) Relative expression level of TCF4 was estimated by WB. Compared with miR-NC *p<0.05, **p<0.01, ***p<0.001. E) qRT-PCR was ap-
plied to detect the relative expression level of miR-330-5p. Compared with anti-NC *p<0.05, **p<0.01, ***p<0.001. F) The relative expression level of 
TCF4 was estimated by WB. N=3. Compared with sh-NC *p<0.05, **p<0.01, ***p<0.001. Compared with sh- circ_0075829 #p<0.05, ##p<0.01, ###p<0.001
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served on a molecular sponge for miR-194-5p, which targeted 
SLC7A11, thereby inhibiting ferroptosis to alleviate cisplatin 
resistance in ovarian cancer. In our study, the knockdown of 
circ_0075829 resulted in increased levels of Fe2+, ROS, and 
MDA within cells while simultaneously decreasing SOD 
levels. Furthermore, silencing circ_0075829 led to reduced 
levels of GPX4 and xCT protein both in cells and tumor 
tissues.

Immune escape is a critical mechanism underlying the 
growth and dissemination of tumor cells. A comprehensive 
understanding of the mechanisms associated with tumor 
immune escape is essential for the development of novel 
immunotherapeutic strategies [38]. However, tumors have 
various mechanisms of immune escape, which contribute 

to their resilience against therapeutic interventions [39]. 
Existing studies have established an inevitable relation-
ship between immune escape and the presence of diverse 
circRNAs. For instance, Luo et al. [40] found that hsa_
circ_0000190 could enhance soluble PD-L1 expression, 
thereby promoting tumorigenesis and facilitating immune 
escape in NSCLC. Zheng et al. [41] reported that circWWC3 
could indirectly elevate PD-L1 expression by increasing both 
the expression and secretion of IL-4, further contributing to 
the immune escape of breast cancer. Another study revealed 
that silencing circPGPEP1 inhibited the immune escape of 
CRC whether in vivo or in vitro [42]. Our study found that 
knockdown of circ_0075829 resulted in increased prolifera-
tion level of CD8+T cells co-cultured with colon cancer cells, 

Figure 6. circ_0075829 affects ferroptosis and immune escape of colon cancer cells by the miR-330-5p/TCF4 axis. A) The relative expression level of 
TCF4 was estimated by WB. Compared with vector *p<0.05, **p<0.01, ***p<0.001. B) Relative level of Fe2+ in cells. Compared with sh-NC *p<0.05, 
**p<0.01, ***p<0.001. Compared with sh-circ_0075829 #p<0.05, ##p<0.01, ###p<0.001. C, D) Relative level of lipid ROS in cells. Compared with sh-NC 
*p<0.05, **p<0.01, ***p<0.001. Compared with sh-circ_0075829 #p<0.05, ##p<0.01, ###p<0.001. E) Cell proliferation rate was detected by CCK-8 assay. 
N=3. Compared with sh-NC *p<0.05, **p<0.01, ***p<0.001. Compared with sh-circ_0075829 #p<0.05, ##p<0.01, ###p<0.001. F) IFN-γ concentration was 
detected by ELISA assay. Compared with sh-NC *p<0.05, **p<0.01, ***p<0.001. Compared with sh-circ_0075829 #p<0.05, ##p<0.01, ###p<0.001
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along with elevated protein levels of IFN-γ and IL-2, TNF-α, 
while simultaneously decreasing PD-L1 protein levels. The 
expressions of IFN-γ and PD-L1 within tumor tissue were 
consistent with those observed at the cellular level.

Research has demonstrated that circRNA can function 
as a sponge for miRNA molecules. They act as competi-
tive endogenous RNAs (ceRNAs), influencing the negative 
regulation of miRNA on target mRNA. Specifically, the 
overexpression of circRNA can activate miRNA target 
proteins [43]. The regulatory interactions between circRNAs 
and miRNAs in cancer have emerged as a focal point in recent 
studies, offering new avenues for cancer diagnosis and treat-
ment [44]. Liu et al. [45] emphasized that hsa_circ_001783 
could bind to miR-200c-3p, thereby impacting breast cancer 
proliferation and metastasis. Zhang et al. [46] indicated that 
circSATB2 could specifically regulate FSCN1 expression by 
directly binding to miR-326 in lung cancer cells, contrib-
uting to the progression of NSCLC. Our analysis indicated 
that circ_0075829 is bound to miR-330-5p through bioin-
formatics analysis. Subsequent luciferase reporter gene assay 
and RNA pull-down experiment confirmed the targeting 
relationship between circ_0075829 and miR-330-5p.

More interestingly, we predicted the presence of 
miR-330-5p binding sites in the 3’ non-coding region of 
TCF4 using starBase and confirmed this targeting relation-
ship through a luciferase reporter gene experiment. TCF4 
plays an indispensable role in the Wnt signaling pathway 
and regulates the transcription processes of target genes 
[47]. TCF4 has been identified as having oncogenic proper-

ties in various cancers, including ovarian [48], prostate 
[49], and lung cancers [50]. Furthermore, it can serve as the 
target gene for miRNA, participating in multiple processes 
related to cancer occurrence and progression. Li et al. [51] 
indicated that lncRNA ANRIL/miR-7-5p/TCF4 axis was 
involved in regulating the development of T-cell acute 
lymphoblastic leukemia (T-ALL). Another study found 
that miR-190b inhibited cell proliferation and metastasis in 
pancreatic cancer by directly binding to MEF2C and TCF4 
[52]. Additionally, TCF4 has also been reported to be upreg-
ulated in colon cancer. For instance, research indicated that 
overexpression of TCF4 could promote the proliferation of 
CRC cell lines and their resistance to doxorubicin [53]. On 
the other hand, a few studies have reported a certain corre-
lation between TCF4 and ferroptosis as well as an immune 
escape in colon cancer [25, 54]. In this study, we also found 
that the knockdown of circ_0075829 led to a decrease in 
the expression level of TCF4 protein, which was improved 
following co-transfection with anti-miR-330-5p. Addition-
ally, either anti-miR-330-5p or TCF4 overexpression vector 
reversed the results associated with ferroptosis and immune 
escape resulting from circ_0075829 knockdown. In addition, 
through circAltas 3.0, it could be found that miR-625 exhib-
ited a targeted relationship with both circ_0075829 and 
TCF4. Therefore, further research will be conducted to 
elucidate the regulatory roles of miR-625, circ_0075829, and 
TCF4 in colon cancer. In summary, these results support 
our hypothesis that circ_0075829 regulates ferroptosis and 
immune escape processes in colon cancer via the miR-330-5/
TCF4 axis.

In conclusion, this research indicated for the first time that 
circ_0075829 was involved in ferroptosis and immune escape 
through the miR-330-5p/TCF4 axis in colon cancer. There-
fore, the circ_0075829/ miR-330-5p/TCF4 axis may serve as 
a potential target for the diagnosis and immunotherapy of 
colon cancer.

Supplementary information is available in the online version 
of the paper.

Figure 7. Schematic illustration of the molecular mechanism of 
circ_0075829 underlying ferroptosis and immune escape in colon can-
cer cells. circ_0075829 regulated the miR-330-5p/TCF4 axis by sponging 
miR-330-5p. Increased expression of circ_0075829 downregulated miR-
330-5p expression, which upregulated TCF4 expression, thereby inhibit-
ing ferroptosis and promoting immune escape in colon cancer cells.
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Supplementary Table S1. Summary of transfection oligos.
Name Oligo Sequence 
circ_0075829 shRNA 1 GATCCGCCAGCCAGGATCTGCATTTATCAA

GAGTAAATGCAGATCCTGGCTGGCTTTTTT
circ_0075829 shRNA 2 GATCCGAGCCAGCCAGGATCTGCATTTCAA

GAGAATGCAGATCCTGGCTGGCTCTTTTTT
circ_0075829 shRNA 3 GATCCGAGAGCCAGCCAGGATCTGCATCA

AGAGTGCAGATCCTGGCTGGCTCTCTTTTTT
sh-NC GGATCCGTTCTCCGAACGTGTCACGTTTCA

AGAGAACGTGACACGTTCGGAGAATTTTTT
miR-330-5p mimic UCUCUGGGCCUGUGUCUUAGGC
miR-NC UUCUCCGAACGUGUCACGUTT
anti-miR-330-5p GCCUAAGACACAGGCCCAGAGA
anti-NC CAGUACUUUUGUGUAGUACAA

Supplementary Figure S1. The expression of CASC15 was detected by qRT-PCR.

Supplementary Table S2. Primers for QRT-PCR.
Gene name Sequence (5’–3’)
hsa_circ_0075829 F: AAGAGAGCCAGCCAGGATCTG

R: AGAAGGATGTTCAGTAGTAACCCAG
CASC15 F: CAAGAGGAATCCAGCAAAGC

R: CATGGAGAGAGGACCTGAGC
miR-330-5p F: GCGTCTCTGGGCCTGTGTC

R: AGTGCAGGGTCCGAGGTATT
β-actin F: GTCTTCCCCTCCATCGTG

R: AGGGTGAGGATGCCTCTCTT
U6 F: CTCGCTTCGGCAGCACA

R: AACGCTTCACGAATTTGCGT
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