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An increasing body of research suggests that abnormal circRNA expression contributes significantly to cancer development 

and progression, including CRC. Despite this, the clinical implications and mechanistic roles of novel circRNAs in CRC have 

not yet been fully elucidated.  Candidate circRNAs associated with colorectal cancer were first screened using computational 

approaches and subsequently confirmed in patient-derived samples by quantitative real-time PCR and in situ hybridization. 

Functional and phenotypic analyses were then carried out using both cellular models and animal systems to assess the role of 

circIL4R in colorectal cancer progression, as well as its association with clinicopathological features. To delineate the molecular 

basis of circIL4R activity, multiple mechanistic assays, including RNA pull-down, fluorescence in situ hybridization, luciferase-

based reporter assays, and ubiquitination experiments, were employed.  Elevated levels of circIL4R were observed in colorectal 

cancer (CRC) cell lines as well as in serum and tissue samples from CRC patients. This upregulation showed a strong positive 

association with more severe clinicopathological characteristics and unfavorable patient outcomes. In functional studies, 

circIL4R was shown to enhance migration, CRC cell proliferation, and invasion through activation of the PI3K/AKT signaling 

pathway. At the molecular level, circIL4R expression is controlled by the transcription factor TFAP2C, and it acts as a sponge 

for miR-761, thereby increasing TRIM29 levels. Elevated TRIM29 then promotes ubiquitin-dependent degradation of PHLPP1, 

leading to activation of the PI3K/AKT pathway and ultimately driving CRC tumor progression.  These results indicate that 

elevated circIL4R expression contributes to colorectal cancer progression and highlight its potential utility as a biomarker for 

disease diagnosis and prognosis, as well as a candidate target for therapeutic intervention in CRC. 
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Introduction 

Colorectal cancer (CRC) is among the most prevalent 

malignancies of the gastrointestinal tract and currently 

ranks as the second most common cause of cancer-

associated mortality worldwide [1]. According to the 

National Comprehensive Cancer Network (NCCN), the 

standard therapeutic strategy for CRC involves surgical 

resection in combination with radiotherapy and 

chemotherapy [2]. Despite notable advances in treatment 

approaches, clinical outcomes for CRC patients remain 

suboptimal, largely owing to the aggressive biological 

behavior of the disease and incomplete understanding of 

its molecular pathogenesis. Globally, CRC accounts for 

approximately 880,000 deaths each year [3]. 

Consequently, elucidating the molecular mechanisms 

underlying CRC initiation and progression is critically 

important for improving early diagnosis, therapeutic 

efficacy, and patient prognosis. 

Circular RNAs (circRNAs) represent a recently 

recognized class of endogenous RNAs characterized by 
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a covalently closed-loop structure formed through 

noncanonical back-splicing of precursor messenger 

RNAs [4]. Unlike linear RNAs, circRNAs lack both 5′ 

caps and 3′ polyadenylated tails, rendering them resistant 

to exonuclease-mediated degradation and conferring 

enhanced molecular stability [5]. With the rapid 

advancement of high-throughput sequencing 

technologies and bioinformatics tools, growing evidence 

has demonstrated that circRNAs are abundantly 

expressed, evolutionarily conserved, structurally stable, 

and often exhibit tissue- or cell-type specificity in human 

malignancies, including CRC [6, 7]. Several circRNAs, 

such as ciRS-7-A, circNSUN2, and circ-ERBIN, have 

been reported to be highly expressed in CRC and to 

promote tumor progression [8-10]. Functionally, 

circRNAs can regulate cellular processes by sequestering 

microRNAs (miRNAs), binding to RNA-binding 

proteins (RBPs), or, in certain cases, serving as templates 

for protein translation or modulators of transcription and 

RNA splicing [11-13]. Dysregulated circRNAs have also 

been implicated in cancer development through 

modulation of multiple oncogenic signaling pathways, 

including WNT/β-catenin, MAPK, JAK/STAT, 

NOTCH, and PI3K/AKT signaling cascades [14, 15]. For 

instance, Zhang et al. reported that hsa_circ_0026628 

accelerates CRC progression by targeting SP1 and 

activating the Wnt/β-catenin pathway [16], while Zheng 

et al. demonstrated that circPPP1R12A facilitates colon 

cancer metastasis through Hippo-YAP pathway 

activation [17]. Collectively, these findings highlight 

circRNAs as promising biomarkers for CRC diagnosis 

and prognosis, as well as potential therapeutic targets and 

key regulators of cancer-related signaling networks [18]. 

TRIM29, also referred to as ATDC, belongs to the 

tripartite motif-containing protein family and has been 

shown to exert tumor-promoting effects in multiple 

cancer types, including pancreatic, thyroid, bladder, and 

colorectal cancers [19 -24]. Previous studies by Han et al 

and Sun et al.. revealed that TRIM29 is significantly 

upregulated in CRC and contributes to malignant 

progression [22, 23]. Additionally, Xu et al. 

demonstrated that increased TRIM29 expression drives 

thyroid cancer progression through activation of the 

PI3K/AKT signaling pathway [24]. Recent research has 

increasingly emphasized the role of circRNAs in 

regulating tumorigenesis and cancer progression by 

modulating the expression of downstream target genes 

[9, 10]. Therefore, exploring the regulatory relationship 

between circRNAs and TRIM29 is essential for 

understanding upstream control mechanisms of TRIM29 

and for identifying novel therapeutic strategies for CRC. 

In recent years, extensive efforts have been made to 

characterize aberrantly expressed circRNAs and their 

regulatory networks in diverse malignancies. However, 

research focusing on circRNAs in CRC remains 

relatively limited, and the expression patterns, clinical 

relevance, functional roles, and molecular mechanisms of 

newly identified circRNAs in CRC are still poorly 

defined. In this study, bioinformatic screening led to the 

identification of a previously uncharacterized CRC-

associated circRNA, hsa_circ_0038718, which 

originates from exons 3 and 4 of the IL4R gene and is 

referred to as circIL4R. Prior to this investigation, the 

expression profile and biological significance of 

circIL4R in CRC had not been elucidated. Accordingly, 

in situ hybridization (ISH) and quantitative real-time 

PCR (qRT–PCR) analyses were initially employed to 

assess circIL4R expression levels and evaluate its clinical 

relevance in CRC specimens. Subsequently, both gain- 

and loss-of-function approaches were applied in cellular 

and animal models to clarify the functional role and 

mechanistic contribution of circIL4R to CRC 

progression. Detailed mechanistic studies, including 

chromatin immunoprecipitation (ChIP), luciferase 

reporter assays, and biotin-labeled RNA pull-down 

experiments, demonstrated that circIL4R transcription is 

induced by TFAP2C and that circIL4R functions as a 

competing endogenous RNA by sponging miR-761, 

thereby increasing TRIM29 expression. Elevated 

TRIM29 levels were shown to promote ubiquitin-

dependent degradation of PHLPP1, resulting in sustained 

activation of the PI3K/AKT signaling pathway and 

enhanced proliferative and metastatic capacities of CRC 

cells. Taken together, these findings indicate that 

circIL4R represents a potential therapeutic target and 

novel diagnostic and prognostic biomarker for colorectal 

cancer. 

Materials and Methods  

Clinical specimens 

A total of 120 matched pairs of colorectal cancer tissues 

and adjacent noncancerous tissues (ANTs) were obtained 

from patients who underwent either curative or palliative 

surgical resection between January 2015 and September 

2016. An independent cohort included 50 patients with 

confirmed CRC, from whom serum samples were 

collected both prior to and following surgical treatment 
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during the period from January 2019 to January 2020. 

Concurrently, serum specimens were collected from 40 

healthy individuals and 40 patients newly diagnosed with 

CRC. Additionally, 179 paired formalin-fixed, paraffin-

embedded CRC tissues and matched ANTs were 

assembled for the construction of tissue microarrays 

(TMAs). 

All enrolled patients were histologically diagnosed with 

CRC and had not received chemotherapy or radiotherapy 

before surgery. Tissue samples were obtained by 

investigators from the Department of General Surgery at 

the Affiliated Hospital of Xuzhou Medical University, 

rapidly frozen in liquid nitrogen following surgical 

removal, and stored at −80 °C until subsequent RNA 

isolation. This research protocol was approved by the 

Ethics Committee of the Affiliated Hospital of Xuzhou 

Medical University (approval number XYFY2020-

KL185-01), and written informed consent was obtained 

from all participants, including patients and healthy 

controls. 

 

Culture and cell lines 

The normal human colorectal epithelial cell line, FHC, 

was purchased from the American Type Culture 

Collection (ATCC; Manassas, VA, USA). In contrast, 

various human colorectal cancer (CRC) cell lines 

(SW480, SW620, HT29, LoVo, DLD1, and HCT116) 

were acquired from the Cell Bank of the Chinese 

Academy of Sciences (Shanghai, China). 

Cells were maintained as follows: HT-29 in RPMI 1640 

medium (Gibco, USA); SW620 in L-15 medium (Gibco, 

USA); DLD1, LoVo, and both FHC and SW480 in high-

glucose DMEM (Gibco, USA) and HCT116 in McCoy’s 

5A medium with 10% fetal bovine serum (FBS; Gibco, 

USA). All cell lines were incubated at 37°C in a 5% CO₂ 

humidified atmosphere and confirmed to be free of 

mycoplasma contamination by testing before 

experimental use. 

 

Cell transfection 

Small interfering RNAs (siRNAs) targeting circIL4R 

(sicircIL4R#2, sicircIL4R#1), TFAP2C (siTFAP2C), 

TRIM29 (siTRIM29), and PHLPP1 (siPHLPP1), along 

with negative control siRNA (siCtrl), as well as miR-761 

and miR-541-3p mimics and inhibitors with their 

corresponding controls, were designed and synthesized 

by Gene Pharma Technology (Shanghai, China). Cells 

were grown to 30–50% confluence prior to transfection 

with siRNAs using siLentFect Lipid Reagent (CA, Bio-

Rad, USA) following the manufacturer’s protocol. For 

overexpression studies, the full-length coding sequences 

of TRIM29, circIL4R, TFAP2C, and PHLPP1 were 

cloned into the pcDNA3.1 vector (Invitrogen, Shanghai, 

China), with an empty vector serving as the negative 

control. When cell confluence reached approximately 

90%, plasmid transfections were performed using 

Lipofectamine 2000 (Invitrogen, Shanghai, China) 

according to the manufacturer’s instructions, and 

transfected cells were collected 48 hours later for 

downstream analyses. 

Lentiviral vectors targeting human circIL4R (sh-

circIL4R#2 and sh-circIL4R#1) and nonspecific control 

lentiviruses (sh-Ctrl) were also obtained from Gene 

Pharma Technology (Shanghai, China) and transduced 

into CRC cells following the manufacturer’s protocol. 

Stable circIL4R knockdown cell lines were selected 

using puromycin and validated by qRT–PCR. 

 

RNA, qRT–PCR and genomic DNA (gDNA) extraction 

Nucleic acid purity and concentration were evaluated 

using a NanoDrop 2000 spectrophotometer (Thermo 

Fisher Scientific, USA). Genomic DNA (gDNA) from 

cells and tissues was purified with the FastPure® 

Tissue/Cell DNA Isolation Mini Kit (Vazyme, Nanjing, 

China), and total RNA from CRC cell lines and 

specimens was obtained via RNA Isolater Total RNA 

Extraction Reagent (Vazyme, Nanjing, China), all in 

accordance with the manufacturers' instructions. 

Cytoplasmic and nuclear RNA fractions from CRC cells 

were separated employing the PARIS™ Kit (Life 

Technologies, Texas, Austin, USA). 

To quantify mRNA and circRNA expression by cDNA 

and qRT-PCR, was synthesized from RNA with HiScript 

II Q RT SuperMix (Vazyme, Nanjing, China). 

Amplification was subsequently performed using 

ChamQ SYBR qPCR Master Mix (Vazyme, Nanjing, 

China) on a LightCycler 96 instrument (Roche, 

Switzerland) with these parameters: 95°C for 30 s 

initially, then 40 cycles of 60°C for 60 s and 95°C for 10 

s, ending with melting curve analysis. 

For miRNA detection via qRT-PCR, stem-loop primers 

were used in conjunction with the miRNA 1st Strand 

cDNA Synthesis Kit (Vazyme, Nanjing, China) for 

reverse transcription. The resulting cDNA was amplified 

with miRNA Universal SYBR qPCR Master Mix 

(Vazyme, Nanjing, China) on the LightCycler 96 system 

under the conditions: 95°C for 5 min, followed by 40 
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cycles of 60°C for 60 s and 95°C for 10 s, and concluding 

with melting curve analysis. 

Expression levels relative to controls were computed via 

the 2-ΔΔCT approach, using GAPDH as the internal control 

for mRNAs, 18S rRNA for circRNAs, and U6 for 

miRNAs. 

 

Chromatin immunoprecipitation (ChIP) assay 

Chromatin immunoprecipitation (ChIP) experiments 

were conducted with the EZ ChIP Chromatin 

Immunoprecipitation Kit (Millipore, Bedford, MA, 

USA), adhering to the manufacturer's protocol. In brief, 

approximately 1 × 107 HCT116 cells underwent 

crosslinking of proteins to DNA by incubation with 1% 

formaldehyde for 10 minutes at room temperature. Cells 

were then rinsed in PBS and disrupted using ChIP lysis 

buffer. The resulting lysates were fragmented into 200–

1000 bp DNA pieces via sonication, followed by 

overnight incubation at 4°C with either anti-TFAP2C 

antibodies (Proteintech, Chicago, IL, USA) or control 

IgG for immunoprecipitation. 

 

Immunohistochemistry (IHC) 

Subcutaneous tumors harvested from the experiments 

were fixed in 4% formalin, paraffin-embedded, and cut 

into 4-μm-thick sections. Immunohistochemistry (IHC) 

on both tissue microarrays (TMAs) and these 

subcutaneous tumor sections was carried out using the 

streptavidin-peroxidase (SP) Kit (Zhongshan Biotech, 

Beijing, China) according to the previously described 

standard procedure [25]. 

Sections were probed with primary antibodies targeting  

phosphorylated AKT (Cell Signaling Technology, 

Danvers, MA, USA), Ki-67 (Cell Signaling Technology, 

Danvers, MA, USA), TFAP2C (Abcam, Cambridge, 

MA, USA) , TRIM29 (Proteintech, Chicago, IL, USA), 

and PHLPP1 (Proteintech, Chicago, IL, USA). Stained 

slides were imaged using an Olympus microscope 

(Tokyo, Japan). 

 

Statistical analysis 

Statistical analyses were conducted using SPSS version 

19.0 (IBM, Armonk, NY, USA) and GraphPad Prism 8.0 

(La Jolla, CA, USA). All results are expressed as mean ± 

standard deviation (SD), with two-tailed tests applied 

throughout. Statistical significance was defined as P < 

0.05. 

Differences between groups were assessed using 

Student’s t-test or one-way ANOVA, as appropriate. 

Pearson’s correlation coefficient was employed for 

correlation analyses. The diagnostic performance of 

circIL4R was evaluated through receiver operating 

characteristic (ROC) curves to determine sensitivity and 

specificity. Associations between circIL4R expression 

levels and clinicopathological features in CRC patients 

were examined via chi-square test. Kaplan–Meier curves 

with log-rank tests were generated to estimate disease-

free survival (DFS) and overall survival (OS). Univariate 

and multivariate Cox proportional hazards regression 

analyses were performed to identify independent 

prognostic factors, including circIL4R and other 

clinicopathological variables, and to calculate hazard 

ratios. 

Results and Discussion 

Characterized in CRC cells and circIL4R is identified 

To identify previously unrecognized circRNAs that may 

promote CRC progression, we analyzed the GEO dataset 

GSE126094, which contains ten matched pairs of CRC 

tissues and adjacent normal tissues (ANTs). Applying 

thresholds of |fold-change| ≥ 2 and P < 0.05, 59 circRNAs 

were found to be significantly dysregulated, including 23 

upregulated and 36 downregulated transcripts, as shown 

in the cluster heatmap (Figure 1a). From these, fourteen 

upregulated circRNAs not previously reported in cancer 

were selected for further validation in CRC cell lines. 

Among them, hsa_circ_0038718 showed the most 

pronounced overexpression across HCT116, DLD1, 

LoVo, SW620, HT29, and SW480 cells compared to 

normal FHC cells, leading us to prioritize this circRNA 

for in-depth study (Figure 1b)  

Annotation from the circBase database indicated that 

hsa_circ_0038718 originates from exons 3 and 4 of the 

IL4R gene (Chr16: 27,351,506–27,353,580) and spans 

227 nucleotides, and it was therefore designated circIL4R 

(Figure 1c). To experimentally confirm its circular 

nature, divergent primers were designed to amplify the 

back-spliced junction of circIL4R, while convergent 

primers targeted linear IL4R mRNA. PCR using cDNA 

and genomic DNA from HCT116 and DLD1 cells 

revealed that circIL4R was detectable only in cDNA, but 

not in genomic DNA (Figure 1d). RNase R treatment 

further demonstrated that circIL4R resisted exonuclease 

digestion, whereas linear IL4R transcripts were degraded 

(Figure 1e). In addition, actinomycin D chase 

experiments showed that circIL4R exhibited greater 

stability than the corresponding linear IL4R mRNA 
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(Figure 1f), confirming the presence of a circular 

transcript in CRC cells. 

The cellular distribution of circIL4R was assessed using 

nuclear-cytoplasmic fractionation and FISH assays, 

which both indicated that circIL4R is predominantly 

localized in the cytoplasm (Figures 1g and 1h). 

Collectively, these findings demonstrate that circIL4R is 

a stable, cytoplasm-enriched circRNA that is consistently 

upregulated in CRC and may play an important role in 

tumor progression. 

 

a) 

 

b) 

 

c) 

 

d) 

 

e) 

 

f) 

 

g) 

Figure 1. Characterization and identification of 

circIL4R in colorectal cancer cells. (a) Heatmap 
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illustrating circRNAs that are differentially expressed in 

ten CRC tissue samples and their matched adjacent 

normal tissues (n = 20). Upregulated circRNAs are 

highlighted in red, and downregulated circRNAs are 

shown in green. (b) Expression levels of circIL4R in the 

normal colorectal epithelial cell line FHC and six CRC 

cell lines (DLD1, HCT116, SW620, LoVo, SW480 and 

HT29), with 18S rRNA used as the internal reference. 

(c) Diagram showing circIL4R formation via back-

splicing of exons 3 and 4 of the IL4R gene. (d) Agarose 

gel electrophoresis of PCR products confirmed circIL4R 

presence: divergent primers amplified circIL4R from 

cDNA but not from genomic DNA (gDNA); 18S rRNA 

served as a positive control. (e) qRT–PCR analysis of 

circIL4R and IL4R mRNA following RNase R 

treatment in CRC cells. (f) Actinomycin D chase assays 

were used to assess the stability of circIL4R and linear 

IL4R transcripts at various time points by qRT–PCR. (g, 

h) Subcellular distribution of circIL4R in CRC cells was 

determined by qRT–PCR of nuclear and cytoplasmic 

fractions and visualized using representative FISH 

images, showing predominant localization in the 

cytoplasm. *P < 0.05, **P < 0.01, ***P < 0.001. 

 

Clinical significance of circIL4R in CRC patients 

To explore the potential clinical relevance of circIL4R in 

colorectal cancer, we first examined its expression in a 

cohort of 120 CRC patients with follow-up information. 

Both qRT–PCR and FISH analyses revealed that 

circIL4R was significantly elevated in tumor tissues 

compared with adjacent normal tissues, corroborating the 

results obtained from the GEO database bioinformatic 

analysis (Figures 2a–2d). Considering the inherent 

stability of circRNAs, we assessed whether circIL4R 

could function as a diagnostic and prognostic marker for 

CRC. 

Serum circIL4R levels were measured before and after 

surgery in a separate cohort of 50 CRC patients. A clear 

reduction in postoperative samples relative to 

preoperative levels was observed, suggesting that 

circIL4R reflects tumor burden (Figure 2e). 

Additionally, in an independent cohort of 40 healthy 

individuals and 40 CRC patients, serum circIL4R was 

significantly higher in patients than in controls (Figure 

2f). To evaluate its diagnostic capability, we constructed 

a receiver operating characteristic (ROC) curve based on 

these data. The AUC for circIL4R was 0.718 (95% CI = 

0.599–0.837), with a cutoff of 1.184 yielding a sensitivity 

of 60% and specificity of 87.5%, indicating its potential 

utility as a serum biomarker. 

For comparison, the established marker CEA exhibited 

an AUC of 0.827 (95% CI = 0.736–0.917), exceeding 

that of circIL4R alone. Interestingly, combining circIL4R 

with CEA into a composite panel further improved 

diagnostic performance, achieving an AUC of 0.856 

(95% CI = 0.773–0.938), highlighting the promise of this 

combined approach for CRC detection (Figure 2g). 

Analysis of circIL4R expression in the larger cohort of 

120 paired CRC tissues and ANTs revealed significant 

differences when patients were stratified by tumor 

pathological stage, T stage, N stage, and M stage, 

suggesting that circIL4R expression correlates with 

tumor progression and could provide prognostic 

information (Figures 2h–2k). 

 

 

a) 

 

b) 
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c) 

 

d) 

 

e) 

 

f) 

 

g) 

 

h) 

 

i) 
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j) 

 

k) 

 

l) 

 

m) 

Figure 2. Clinical importance of circIL4R in serum and 

CRC tissues. a Fluorescence in situ hybridization 

(FISH) demonstrated elevated circIL4R levels in CRC 

tissues relative to corresponding adjacent non-cancerous 

tissues (ANTs) (200× magnification). b-d qRT-PCR 

results indicated substantial upregulation of circIL4R in 

120 CRC samples compared with matched ANTs. e 

Alterations in serum circIL4R concentrations were 

monitored by qRT-PCR in 50 CRC patients newly 

diagnosed, both prior to and following surgery. f qRT-

PCR was used to quantify serum circIL4R in CRC 

patients (n = 40) and healthy subjects (n = 40). g The 

diagnostic utility of serum circIL4R, either 

independently or together with CEA, was evaluated 

using ROC curves. h-k circIL4R levels were displayed 

in violin plots for patient subgroups divided by clinical 

variables (pathological stage, M classification, N 

classification, T classification). l and m Patients with 

higher circIL4R in CRC showed diminished DFS 

(n = 120, P = 0.0077) and OS (n = 120, P = 0.0018)  

according to Kaplan–Meier curves derived from 120 

specimens. 

 

Chi-square tests were applied to explore links between 

circIL4R levels and clinicopathological variables. 

Elevated circIL4R correlated with unfavorable CRC 

traits, including greater tumor size (P = 0.022), increased 

invasion depth (P = 0.001), presence of lymph node 

metastasis (P = 0.010), distant metastasis (P = 0.038), and 

higher TNM stage (P = 0.003), implying that circIL4R 

contributes oncogenically to CRC metastasis and growth. 

However, no associations emerged with differentiation, 

gender, or age . 
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The prognostic role of circIL4R was assessed using 

follow-up data from 120 patients. Overexpression of 

circIL4R linked to inferior OS (P = 0.0018) and DFS 

(P = 0.0077) via Kaplan–Meier analysis (Figures 2l and 

2m). Univariate Cox models highlighted circIL4R, 

invasion depth, lymph node metastasis, differentiation, 

TNM stage, distant metastasis, and tumor diameter as key 

risk factors for OS or DFS  .Multivariate models 

confirmed circIL4R as an independent predictor for DFS 

(HR, 2.927; 95% CI, 1.179–7.270; P = 0.021) and OS 

(HR, 2.077; 95% CI, 1.079–3.998; P = 0.029). 

In situ hybridization (ISH) on TMAs with 179 paired 

ANT and CRC samples further showed much greater 

circIL4R in tumors than ANTs, particularly in stage 

III/IV versus I/II cases.Higher circIL4R also associated 

with larger tumors, deeper invasion, lymph node and 

distant metastasis, advanced TNM stage, and worse 

outcomes. In summary, circIL4R emerges as a promising 

prognostic indicator and possible treatment target for 

CRC. 

 

TFAP2C drives circIL4R upregulation via 

transcriptional activation in CRC 

To uncover the mechanism responsible for elevated 

circIL4R in CRC, we investigated the involvement of 

transcription factors (TFs), as previous studies indicate 

that TFs can influence circRNA levels by modulating 

transcription of host genes [26, 27]. Using the JASPAR 

database combined with BLAST analysis, we screened 

TFs predicted to bind the IL4R promoter region. 

TFAP2C emerged as a candidate due to the presence of 

two high-affinity binding motifs, termed TBS1 and 

TBS2, within the IL4R promoter (Figure 3a). TFAP2C 

has been reported to be upregulated in CRC and to act as 

an oncogene [28]. Analysis from the GEPIA database 

also revealed a positive correlation between TFAP2C and 

IL4R expression (Figure 3b). 

To experimentally validate these findings, TFAP2C 

overexpression plasmids and specific siRNAs were 

transfected into CRC cells. Successful modulation of 

TFAP2C was confirmed by qRT–PCR and western blot 

(Figures 3c and 3d). We then assessed the impact of 

TFAP2C on IL4R expression by measuring pre-mRNA, 

mRNA, and circRNA levels using specific primers. 

Overexpression of TFAP2C markedly increased IL4R 

pre-mRNA, mRNA, and circIL4R, whereas TFAP2C 

knockdown led to a reduction in all three transcripts 

(Figures 3e–3g). These results suggest that TFAP2C 

enhances transcription of IL4R, which in turn promotes 

the production of both IL4R mRNA and circIL4R. 

To further delineate the responsive regions, three 

fragments of the IL4R promoter were cloned into 

luciferase reporter constructs. Luciferase assays showed 

that the −1987/−913 fragment exhibited significant 

changes in activity depending on TFAP2C levels—

reduced upon TFAP2C knockdown (Figure 3h) and 

increased with TFAP2C overexpression (Figure 3i)—

whereas the −792/429 fragment remained unaffected 

(Figures 3h and 3i). These findings indicate that 

TFAP2C-binding elements reside within the −1987/−913 

region. 

Seven primer pairs (P1–P7) spanning the IL4R promoter 

were designed for ChIP-qPCR. TFAP2C binding was 

detected at P5–P7, with P5 and P6 corresponding to 

TBS1 and TBS2, respectively (Figures 3j and k). 

Finally, analysis of TFAP2C mRNA in 120 CRC patient 

samples and protein detection by IHC in TMAs 

confirmed higher expression of TFAP2C in tumors 

compared with ANTs, which positively correlated with 

circIL4R levels (Figures 3l–3n). 

 

 

a) 

 

b) 
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c) 

 

d) 

 

e) 

 

f) 

 

g) 

 

h) 

 

i) 

 

j) 

 

k) 
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l) 

 

m) 

 

n) 

Figure 3. TFAP2C upregulates circIL4R through 

transcriptional activation. (a) Using the JASPAR 

database, two potential TFAP2C-binding motifs in the 

IL4R promoter, named TBS1 and TBS2, were identified 

with high binding scores. (b) Analysis from the GEPIA 

dataset showed that TFAP2C expression positively 

correlates with IL4R in CRC. (c, d) qRT–PCR and 

western blot confirmed successful upregulation or 

knockdown of TFAP2C at both mRNA and protein 

levels in HCT116 and LoVo cells. (e–g) Overexpression 

of TFAP2C led to increased IL4R pre-mRNA, mRNA, 

and circIL4R levels, whereas TFAP2C silencing 

reduced all three transcripts. (h, i) Luciferase reporter 

assays demonstrated that the −1987/−913 fragment of 

the IL4R promoter is responsive to TFAP2C, with 

activity decreasing upon knockdown and increasing 

upon overexpression; the −792/429 fragment remained 

unresponsive. (j) Diagram of seven IL4R promoter 

regions (P1–P7) tested for TFAP2C binding (top) and 

illustration of predicted binding sites TBS1 and TBS2 

(bottom). (k) ChIP-qPCR confirmed that TFAP2C binds 

P5–P7, including TBS1 and TBS2; IgG served as a 

negative control. (l, m) qRT–PCR analysis revealed 

significantly higher TFAP2C mRNA in 120 CRC 

tissues compared with paired ANTs. (n) TFAP2C levels 

positively correlated with circIL4R expression. *P < 

0.05, **P < 0.01, ***P < 0.001. 

 

CircIL4R drives proliferation, migration, and invasion of 

CRC cells in vitro 

To determine the role of circIL4R in CRC cell behavior, 

we designed two siRNAs (si-circIL4R#1 and si-

circIL4R#2) and a circIL4R overexpression plasmid. 

qRT–PCR confirmed that circIL4R was highly expressed 

in HCT116 and DLD1 cells and comparatively low in 

LoVo cells (Figure 1b). Based on this, HCT116 and 

DLD1 cells were selected for knockdown experiments, 

and LoVo cells for overexpression studies. These 

manipulations did not alter IL4R mRNA levels (Figures 

4a and 4b) 

Stable knockdown cell lines (sh-circIL4R#1 and sh-

circIL4R#2) were generated using lentiviral 

transduction. Functional assays including CCK-8, EdU 

incorporation, and colony formation revealed that 

depletion of circIL4R significantly inhibited CRC cell 

proliferation, while circIL4R overexpression enhanced 

growth (Figures 4c–4h). These data suggest that 

circIL4R functions as a positive regulator of CRC cell 

proliferation. 
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Figure 4. circIL4R promotes proliferation, migration, 

and invasion of CRC cells in vitro. (a, b) qRT–PCR 

analysis of circIL4R and IL4R mRNA levels in 

HCT116 and LoVo cells following transfection with 

specific siRNAs or circIL4R overexpression plasmids. 

(c, d) CCK-8 assays showing the growth curves of CRC 

cells after circIL4R knockdown or overexpression at the 

indicated time points. (e, f) Colony formation assays 

evaluating the proliferative capacity of CRC cells stably 

expressing sh-circIL4R, sh-Ctrl, circIL4R, or vector 

control. (g, h) EdU incorporation assays assessing 

proliferation rates in transfected CRC cells. (i–l) 

Representative images and quantification of Transwell 

migration/invasion and wound healing assays in cells 

with circIL4R knockdown or overexpression. Data are 

shown as mean ± SD. *P < 0.05, **P < 0.01, ***P < 

0.001. 

Because higher circIL4R levels in patient tissues 

correlated with lymph node involvement, distant 

metastasis, and deeper tumor invasion, we next tested its 

role in CRC cell motility. Downregulation of circIL4R 

in HCT116 and DLD1 cells significantly reduced 

migration and invasion, while LoVo cells 

overexpressing circIL4R displayed enhanced motility 

and invasiveness (Figures 4i–4l). Overall, these results 

indicate that circIL4R contributes to CRC cell growth 

and metastatic potential in vitro. 

 

CircIL4R drives CRC progression through PI3K/AKT 

signaling 

To explore the pathways mediating circIL4R’s effects, 

we performed KEGG enrichment analysis of its predicted 

target genes, which highlighted the PI3K/AKT pathway 

(Figure 5a), a critical regulator of CRC cell proliferation 

and metastasis [29-31]. 

Western blot experiments confirmed that knocking down 

circIL4R in HCT116 and DLD1 cells decreased 

phosphorylated AKT and downstream effectors 

including Nanog, Cyclin D1 (CCND1), N-cadherin, 

Vimentin, and MMP2, while elevating p21 (CDKN1A) 

and E-cadherin levels. Total PI3K and AKT protein 

expression remained constant (Figure 5b), suggesting 

that circIL4R specifically affects pathway activation 

rather than total protein abundance. 

Rescue experiments using the PI3K/AKT activator 

740Y-P and inhibitor LY294002 further validated this 

mechanism. In circIL4R knockdown cells, 740Y-P 

partially restored proliferation, migration, and invasion, 

whereas LY294002 counteracted the enhanced 

aggressive phenotype caused by circIL4R 

overexpression in LoVo cells (Figures 5b–5j). 

These findings collectively demonstrate that circIL4R 

promotes CRC cell proliferation, migration, and invasion 

by activating the PI3K/AKT signaling cascade. 
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Figure 5. circIL4R regulates CRC progression through 

the AKT/ PI3K pathway. (a) KEGG enrichment analysis 

revealed that circIL4R is closely associated with the 

PI3K/AKT signaling pathway. (b) Western blot analysis 

showing expression changes of PI3K/AKT pathway 

proteins and downstream targets following circIL4R 

knockdown or overexpression in CRC cells, as well as 

the effects of the PI3K inhibitor LY294002. (c–f) 

Functional assays including CCK-8 and colony 

formation indicated that 740Y-P, a PI3K/AKT activator, 

partially rescued the decreased proliferation caused by 

circIL4R silencing in HCT116 cells. Conversely, 

LY294002 mitigated the proliferative effect of circIL4R 

overexpression in LoVo cells. (g–j) Transwell 

migration/invasion and wound healing assays 

demonstrated that the reduced motility and invasiveness 

of circIL4R-depleted HCT116 cells were reversed by 

740Y-P, whereas LY294002 suppressed the enhanced 

invasion and migration caused by circIL4R 

overexpression in LoVo cells. Data are represented as 

mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001. 

 

CircIL4R acts as a cytoplasmic sponge for miR-761 in 

CRC 

Given its cytoplasmic localization, we hypothesized that 

circIL4R may modulate CRC progression by 

sequestering specific miRNAs [12]. Although previous 

reports suggested circIL4R sponges miR-541-3p in 

hepatocellular carcinoma [32], we found no significant 

effect of miR-541-3p in CRC cells. 

To identify potential miRNA partners, we intersected 

predictions from Circular RNA Interactome, circBANK, 

and Starbase3.0, highlighting seven candidates (miR-

513a-5p, miR-1286, miR-761, miR-3619-5p, miR-214-

3p, miR-1184, miR-139-3p) detected in at least two 

databases (Figure 6a). Predicted binding sites of 

circIL4R are illustrated in Figure 6b. 

RNA pull-down using a biotin-labeled circIL4R probe 

confirmed miR-761 as the most strongly enriched 

miRNA in HCT116 and DLD1 cells (Figures 6c–6e). To 

verify direct binding, we generated luciferase reporters 

containing either wild-type (WT) or mutated (Mut) 

circIL4R sequences corresponding to miR-761 binding 

sites (Figure 6f). Introduction of miR-761 mimics 

significantly reduced luciferase activity of the WT 

reporter, while the Mut reporter remained unaffected 

(Figures 6g and 6h). 

Expression profiling in 120 CRC patient tissues revealed 

that miR-761 was markedly downregulated compared to 

adjacent normal tissues and inversely correlated with 

circIL4R (Figures 6j–6l). Similarly, miR-761 expression 

was lower in CRC cell lines than in FHC cells (Figure 

6i). Double FISH assays confirmed cytoplasmic 

colocalization of circIL4R and miR-761 (Figure 6m). 

Together, these data indicate that circIL4R functions as a 

miR-761 sponge, suggesting a post-transcriptional 

mechanism by which circIL4R promotes CRC cell 

proliferation, migration, and invasion. 
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Figure 6. circIL4R functions as a cytoplasmic miR-761 

sponge in CRC cells. (a) Seven candidate miRNAs 

predicted to bind circIL4R were identified by 

overlapping results from Circular RNA Interactome, 

circBANK, and Starbase3.0. (b) Diagram depicting the 

predicted binding sites of these miRNAs on circIL4R. 

(c) Verification of the biotin-labeled circIL4R probe’s 

efficiency in CRC cells using qRT-PCR. (d, e) qRT-

PCR analysis of the relative enrichment of candidate 

miRNAs captured by the circIL4R probe, highlighting 

miR-761 as the most enriched. (f) Design of wild-type 

(WT) and mutant (Mut) circIL4R luciferase reporters. 

(g, h) Luciferase assays showing that miR-761 mimics 

significantly reduced WT reporter activity but did not 

affect the Mut reporter. (i) Basal expression of miR-761 

in FHC and CRC cell lines (DLD1, HT29, HCT116, 

SW620, LoVo, SW480). (j–l) qRT-PCR analysis of 120 

CRC patient tissues showing decreased miR-761 

expression relative to paired ANTs and a negative 

correlation with circIL4R levels. (m) FISH images 

confirmed co-localization of miR-761 and circIL4R in 

the cytoplasm; nuclei stained with DAPI. Scale bar: 10 

μm. *P < 0.05, **P < 0.01, ***P < 0.001. 

 

Previous studies have indicated that miR-761 suppresses 

CRC progression and inhibits PI3K/AKT signaling in 

other cancers [33, 34]. To determine whether circIL4R 

modulates PI3K/AKT signaling via miR-761, rescue 

experiments were conducted. CRC cells were co-

transfected with either circIL4R overexpression or 

knockdown constructs alongside miR-761 mimics or 

inhibitors. qRT-PCR confirmed the efficiency of miR-

761 modulation. Functional assays demonstrated that 

miR-761 overexpression reversed the enhanced 

migration, proliferation, and invasion driven by circIL4R 

in LoVo cells, while miR-761 inhibition rescued the 

suppressed malignant behaviors caused by circIL4R 

knockdown in HCT116 and DLD1 cells. Western blot 

analysis indicated that circIL4R knockdown-induced 

reductions in p-AKT levels were restored by miR-761 

inhibition, whereas the activation of p-AKT by circIL4R 

overexpression was attenuated by miR-761 mimics. 

These findings indicate that circIL4R exerts oncogenic 

effects in CRC at least in part by sponging miR-761 and 

regulating PI3K/AKT signaling. 

 

TRIM29 is a direct target of miR-761 in CRC 

To explore downstream targets of miR-761, we 

conducted bioinformatic predictions using RNA22, 

Starbase3.0, miRTarBase and miRWalk. Integration of 

the four datasets identified 64 potential targets (Figure 
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7a). TRIM29 was prioritized due to its strong 

upregulation in CRC tissues and its presence among the 

top 25 overexpressed genes in TCGA (Figures 7b and 

7c). Analysis of GEO dataset GSE87211 confirmed 

elevated TRIM29 expression in CRC samples (Figure 

7d). 

Functional validation showed that transfection of miR-

761 mimics decreased TRIM29 mRNA and protein 

levels, while miR-761 inhibition led to increased 

TRIM29 expression in CRC cells (Figures 7e and 7f). 

To confirm direct targeting, luciferase reporters 

containing WT or Mut TRIM29 3′-UTR sequences were 

constructed (Figure 7g). miR-761 mimics suppressed 

WT reporter activity but had no effect on the Mut 

reporter, indicating direct interaction between miR-761 

and the TRIM29 3′-UTR (Figures 7h and 7i). 

Clinically, TRIM29 expression was significantly 

elevated in 120 CRC patient tissues, showing an inverse 

correlation with miR-761 and a positive correlation with 

circIL4R (Figures 7j–7m). IHC analysis of TMAs 

confirmed higher TRIM29 protein levels in CRC 

compared to ANTs and a positive association with 

circIL4R.  These results collectively demonstrate that 

TRIM29 is a direct downstream effector of miR-761 in 

CRC. 
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Figure 7. TRIM29 functions as a downstream target of 

miR-761. (a) Venn diagram illustrating the overlapping 

genes predicted as targets of miR-761 using RNA22, 

starbase3.0, miRTarBase and miRWalk databases. (b) 

Heatmap displaying the 25 most upregulated genes in 

the TCGA-COAD dataset. (c) Comparison of TRIM29 
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mRNA expression between CRC tumors and matched 

normal tissues in TCGA. (d) TRIM29 expression levels 

in primary colorectal tumors versus normal tissues from 

the GEO dataset. (e, f) Assessment of TRIM29 mRNA 

and protein levels in CRC cells transfected with miR-

761 mimics or inhibitors via qRT-PCR and western 

blotting. (g) Schematic representation of luciferase 

reporter constructs containing  mutant (Mut) or wild-

type (WT) TRIM29 3′-UTR sequences. (h, i) Luciferase 

assays showing that miR-761 mimics reduce activity of 

the TRIM29 WT reporter but do not affect the Mut 

reporter in CRC cells. (j, k) qRT-PCR results showing 

that TRIM29 expression is significantly higher in 120 

CRC patient tissues compared with paired adjacent 

normal tissues (ANTs). (l, m) Correlation analysis 

indicating TRIM29 positively correlates with circIL4R 

and inversely correlates with miR-761. *P < 0.05, 
**P < 0.01, ***P < 0.001. 

 

CircIL4R promotes CRC progression through the 

PI3K/AKT signaling and miR-761/TRIM29 axis 

To investigate the interplay between circIL4R and 

TRIM29, CRC cells were either transfected with a 

TRIM29-targeting siRNA (si-TRIM29) to inhibit its 

expression or with a TRIM29 overexpression plasmid 

[22, 23]. Efficient modulation of TRIM29 was confirmed 

by qRT-PCR and western blotting. 

Functional assays, including CCK-8, colony formation, 

Transwell migration, and wound healing assays, 

demonstrated that TRIM29 overexpression stimulated 

CRC cell proliferation, invasion and migration, whereas 

TRIM29 knockdown suppressed these behaviors 

(Figures 8a–8d). Importantly, the diminished 

proliferative and migratory capacities caused by 

circIL4R silencing in HCT116 cells were rescued upon 

TRIM29 overexpression, while the tumor-promoting 

effects of circIL4R overexpression in LoVo cells were 

largely reversed by TRIM29 knockdown (Figures 8a–

8d). 

Western blot analysis further revealed that circIL4R 

regulates PI3K/AKT pathway activation via TRIM29. 

Specifically, the reduction of phosphorylated AKT (p-

AKT) following circIL4R knockdown in HCT116 cells 

was restored by TRIM29 overexpression, whereas the 

elevated p-AKT levels caused by circIL4R 

overexpression in LoVo cells were blocked upon 

TRIM29 silencing (Figure 8e). 

Overall, these results indicate that circIL4R drives CRC 

cell proliferation, migration, and invasion primarily 

through the miR-761/TRIM29 axis by modulating 

PI3K/AKT signaling, suggesting that circIL4R 

represents a promising target for therapeutic intervention.

 

 

a) 

 

b) 



Santis et al.,                                                                                 Arch Int J Cancer Allied Sci, 2025, 5(2):194-222  
 

 

 

214 

 

c) 

 

d) 

  

e) f) 

  

g) h) 

  
 

i) j) k) 

Figure 8. CircIL4R Drives Colorectal Cancer Progression via the circIL4R/miR-761/TRIM29/PHLPP1 Pathway. a 

and b Using CCK-8 and colony formation experiments, we found that TRIM29 overexpression counteracted the 

proliferation suppression induced by circIL4R silencing in HCT116 cells. In LoVo cells, TRIM29 silencing 
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eliminated the proliferation enhancement caused by circIL4R overexpression. c and d Quantitative data and 

representative images from wound healing and Transwell assays indicated that overexpression of TRIM29 restored 

migration and invasion abilities suppressed by circIL4R knockdown in HCT116 cells. Knockdown of TRIM29, in 

turn, blocked the increased migration and invasion promoted by circIL4R overexpression in LoVo cells. e In 

Western blot results, TRIM29 overexpression restored the lowered p-AKT levels in HCT116 cells after circIL4R 

knockdown. Conversely, TRIM29 knockdown reduced the elevated p-AKT levels in LoVo cells following circIL4R 

overexpression. f Protein expression levels of PTEN, PP2A, and PHLPP1 were assessed by Western blotting in 

CRC cells after transfection with TRIM29 overexpression plasmids or siRNAs. g qRT-PCR was employed to 

measure PHLPP1 mRNA expression in CRC cells transfected with TRIM29 siRNAs or overexpression plasmids. h 

Western blotting evaluated p-AKT levels in HCT116 cells with siTRIM29 transfection alone or combined with 

siPHLPP1 (left), and in LoVo cells with TRIM29 overexpression alone or together with PHLPP1 overexpression 

(right). i The protein-protein interaction between TRIM29 and PHLPP1 in HCT116 cells was confirmed using co-

immunoprecipitation and subsequent Western blot analysis. j To assess PHLPP1 protein stability under TRIM29 

overexpression in HCT116 cells, Western blots were performed after cycloheximide (CHX, 100 μg/ml) treatment to 

inhibit protein synthesis, with samples collected at indicated time points. k Following treatment with the proteasome 

inhibitor MG132 (10 μM) in HCT116 cells, Western blot analysis of ubiquitinated proteins revealed that TRIM29 

overexpression led to proteasome-dependent degradation of PHLPP1. l The influence of TRIM29 knockdown or 

overexpression on PHLPP1 ubiquitination in HCT116 cells was examined through Western blot assays. *P < 0.05, 
**P < 0.01, ***P < 0.001. 

circIL4R facilitates PI3K/AKT activation via TRIM29-

dependent PHLPP1 degradation 

circIL4R promotes TRIM29 expression by acting as a 

sponge for miR-761, and overexpressing TRIM29 alone 

is sufficient to activate the PI3K/AKT pathway. This led 

us to investigate how circIL4R regulates PI3K/AKT 

through the miR-761/TRIM29 axis. Earlier studies 

reported that TRIM29 overexpression in nasopharyngeal 

carcinoma suppresses PTEN, leading to PI3K/AKT 

pathway activation [35]. Tumor suppressors such as 

PTEN, PP2A, and PHLPP1 are known to negatively 

regulate this signaling cascade [36–38]. To determine 

whether TRIM29 acts similarly in CRC, we performed 

western blotting. The results showed that manipulating 

TRIM29 levels did not affect PTEN or PP2A, but 

knockdown of TRIM29 increased PHLPP1 protein, 

while TRIM29 overexpression reduced it, without 

altering PHLPP1 mRNA (Figures 8f and 8g). 

Additionally, TRIM29 depletion lowered p-AKT levels, 

and this effect was reversed when PHLPP1 was 

simultaneously silenced (Figure 8h). These observations 

suggest that TRIM29 modulates PI3K/AKT activity in 

CRC by post-transcriptionally regulating PHLPP1. 

PHLPP1 is known to be regulated via post-translational 

modifications, including ubiquitination [39]. TRIM29, 

an E3 ubiquitin ligase, promotes tumor progression by 

targeting proteins such as STING and ISG15 for 

degradation [19, 40]. Interestingly, TRIM11, a TRIM 

family member, has been shown to trigger PHLPP1 

ubiquitination and activate PI3K/AKT [41], hinting at a 

similar role for TRIM29. Co-immunoprecipitation 

confirmed that endogenous TRIM29 interacts with 

PHLPP1 in HCT116 cells (Figure 8i). Cycloheximide 

chase assays demonstrated that PHLPP1 protein stability 

was reduced in cells overexpressing TRIM29 (Figure 

8j), and this degradation was blocked by the proteasome 

inhibitor MG132 (Figure 8k), supporting ubiquitin-

dependent regulation. Ubiquitination assays further 

revealed that PHLPP1 ubiquitination decreased with 

TRIM29 knockdown and increased with its 

overexpression (Figure 8l). Collectively, these data 

indicate that circIL4R enhances PI3K/AKT signaling 

through TRIM29-mediated ubiquitination and 

degradation of PHLPP1. 

 

circIL4R drives CRC growth and metastasis in vivo 

To explore circIL4R’s role in tumor growth, HCT116 

and DLD1 cells with stable circIL4R knockdown (sh-

circIL4R) or control (sh-Ctrl) were implanted 

subcutaneously in BALB/c nude mice (Figure 9a). 

Tumors from the circIL4R-depleted cells grew 

significantly slower, with smaller volume and lower 

weight than controls (Figures 9b–9e). 

Immunohistochemistry showed reduced Ki-67, TRIM29, 

and p-AKT staining, alongside elevated PHLPP1 in sh-

circIL4R tumors (Figure 9f). 

For metastasis assessment, luciferase-labeled CRC cells 

were injected via the tail vein. circIL4R knockdown 
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markedly decreased lung metastases, as evidenced by 

lower fluorescence and fewer nodules (Figures 9g–9j). 

Correspondingly, mice bearing sh-circIL4R tumors 

exhibited improved survival (Figures 9k and 9l). These 

in vivo results align with in vitro data, confirming that 

circIL4R promotes CRC proliferation and metastasis. 
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Figure 9. circIL4R enhances CRC tumor growth and 

metastasis in vivo. (a) Diagram depicting the 

subcutaneous xenograft model using BALB/c nude 

mice. (b, c) Representative images of dissected 

xenograft tumors from mice injected with control or 

circIL4R-silenced CRC cells. (d, e) Tumor growth 

curves and weight measurements show that circIL4R 

knockdown significantly reduces tumor growth and 

mass. (f) H&E and IHC staining of xenograft tumor 

sections revealed that circIL4R depletion decreased Ki-

67, TRIM29, and p-AKT levels while increasing 

PHLPP1 expression. (g) Schematic of the tail vein 

injection model used to evaluate CRC metastasis in 

vivo. (h) Representative images and quantification of 

luminescence intensity demonstrated reduced lung 

metastases in circIL4R knockdown mice (n = 5 per 

group). (i, j) HE-stained images of lungs confirm fewer 

metastatic nodules in the circIL4R-depleted group. (k, l) 

Kaplan–Meier survival curves indicate that mice with 

circIL4R-silenced CRC cells have prolonged overall 

survival compared with control mice. (m) Proposed 

model illustrating how circIL4R promotes CRC 

proliferation and metastasis through the miR-

761/TRIM29/PHLPP1 axis, leading to activation of the 

PI3K/AKT signaling pathway. *P < 0.05, **P < 0.01, 
***P < 0.001. 

 

Despite significant advances in the clinical management 

of CRC over the past decades, patient prognosis remains 

unsatisfactory. This underscores the urgent need to 

identify reliable therapeutic targets and understand their 

roles in CRC progression. In recent years, circRNAs have 

attracted increasing attention due to their unique 

biogenesis, expression patterns, functional roles, and 

clinical relevance across various cancers [42]. With the 

widespread adoption of high-throughput sequencing and 
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circRNA-specific bioinformatics tools, comprehensive 

circRNA datasets are now publicly accessible, providing 

opportunities for both bioinformatic analysis and clinical 

validation. 

In this study, we identified a novel circRNA, circIL4R, 

which was consistently upregulated in CRC tissues, cell 

lines, and microarray analyses. Its expression was closely 

associated with aggressive clinicopathological features 

and poor prognosis in CRC patients. Considering the 

advantages of noninvasive biomarkers—including cost-

effectiveness, repeatability, and clinical utility for patient 

management [43]—circRNAs, owing to their high 

abundance, tissue-specific expression, and covalently 

closed structure, are promising candidates for liquid 

biopsy applications [44]. Our results revealed that serum 

circIL4R levels were significantly altered in CRC 

patients before and after surgery and differed from 

healthy controls. Moreover, serum circIL4R showed high 

sensitivity and specificity for CRC diagnosis and 

postoperative monitoring, highlighting its potential as a 

liquid biopsy biomarker. 

However, several challenges remain before circRNAs 

can be applied clinically. For example, the presence of a 

back-spliced junction (BSJ) restricts the design of 

specific primers and probes, necessitating more sensitive 

and precise detection methods [6]. Additionally, most 

studies on circRNA biomarkers have involved small 

patient cohorts, and larger prospective studies are needed 

to validate their diagnostic and prognostic utility [45]. 

Optimizing detection methods, establishing clinical 

cutoff values, and combining circRNAs with traditional 

biomarkers, such as CEA, may further improve clinical 

applicability. Overall, despite these obstacles, circIL4R 

shows promise for large-scale CRC screening and real-

time monitoring of disease progression and treatment 

response. 

Previous studies have demonstrated that circRNAs are 

often upregulated in cancers and correlate with 

tumorigenesis. Yet, the upstream mechanisms driving 

circRNA overexpression remain poorly understood. For 

instance, Meng et al. reported that Twist can induce 

circ10720 expression by binding its host gene promoter 

[27]. In line with these findings, our data revealed that 

TFAP2C promotes circIL4R overexpression via 

transcriptional activation of its host gene. This 

observation is consistent with reports that TFAP2C can 

regulate lncRNA expression through transcriptional 

activation [46, 47]. Additionally, RNA-binding proteins 

(RBPs), such as EIF4A3 and FUS, have been shown to 

enhance circRNA biogenesis by interacting with flanking 

intronic sequences [48, 49]. Whether RBPs also 

contribute to circIL4R formation, splicing, transport, or 

degradation warrants further investigation. 

Our clinical analyses indicated that high circIL4R 

expression correlates with increased tumor size, lymph 

node involvement, and distant metastasis, suggesting its 

role in promoting CRC proliferation and dissemination. 

Functional experiments in vitro demonstrated that 

circIL4R enhances CRC cell proliferation, migration, and 

invasion. Consistently, in vivo studies showed that 

circIL4R knockdown reduced tumor growth in a 

subcutaneous xenograft model and decreased metastatic 

colonization in a tail vein injection model, as evidenced 

by fewer and smaller metastatic nodules. These findings 

indicate that targeting circIL4R with shRNAs or siRNAs 

could effectively suppress CRC progression, 

highlighting its potential as a therapeutic target. 

Mechanistically, bioinformatic analyses and subsequent 

validation experiments revealed that circIL4R promotes 

CRC malignancy through activation of the PI3K/AKT 

signaling pathway, which regulates multiple biological 

processes relevant to CRC progression [31]. For 

example, Xu et al. reported that lncRNA MALAT1 

activates PI3K/AKT via the miR-26a/26b/FUT4 axis to 

enhance CRC proliferation and metastasis [50], while 

Kumar S et al. demonstrated that IDO1 promotes CRC 

cell proliferation and inhibits apoptosis via the 

PI3K/AKT pathway [51]. However, evidence linking 

circRNAs to PI3K/AKT activation in CRC has been 

limited. 

Given that intracellular localization determines circRNA 

function, we examined circIL4R distribution and found it 

predominantly localized in the cytoplasm. Cytoplasmic 

circRNAs often regulate gene expression by acting as 

miRNA sponges [52]. Consistently, our study revealed 

that circIL4R sponges miR-761, confirmed through RNA 

pull-down, dual-luciferase reporter, and FISH assays. 

MiR-761 has been reported as a tumor suppressor that 

negatively regulates the PI3K/AKT pathway in several 

cancers [33, 34, 53, 54]. Our data showed that miR-761 

suppresses CRC cell proliferation and metastasis, and its 

expression is reduced in CRC tissues and cell lines. 

Rescue experiments further confirmed that miR-761 

antagonizes circIL4R’s oncogenic effects and PI3K/AKT 

activation. 

Besides functioning as competitive endogenous RNAs, 

circRNAs can encode peptides or interact with proteins 

[11, 55]. Analysis using circRNADb indicated that 
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circIL4R lacks an open reading frame, making protein 

translation unlikely. Nevertheless, catRAPID predictions 

suggested potential interactions with proteins such as 

SRSF9 and PTBP1, which are implicated in alternative 

splicing [56, 57]. Whether circIL4R modulates 

alternative splicing through these interactions requires 

further study. 

Downstream, TRIM29 was identified as a target of miR-

761 using four miRNA target prediction databases and 

TCGA/GEO data. Prior studies have linked miR-761 to 

TRIM29 regulation in other cancers, including triple-

negative breast cancer [58]. In CRC, we confirmed the 

miR-761/TRIM29 interaction via qRT–PCR, western 

blot, and luciferase reporter assays. Functional rescue 

experiments demonstrated that TRIM29 overexpression 

reversed the inhibitory effects of circIL4R knockdown on 

PI3K/AKT signaling and CRC cell malignancy, 

indicating that the circIL4R/miR-761/TRIM29 axis 

drives CRC progression. 

The precise mechanism by which TRIM29 activates 

PI3K/AKT remained unclear. TRIM29, a member of the 

tripartite motif family, has oncogenic roles in several 

cancers, including CRC, and has been reported to activate 

PI3K/AKT in thyroid cancer [22-24]. While PTEN, 

PHLPP1, and PP2A are established inhibitors of 

PI3K/AKT signaling [59], our data showed that TRIM29 

manipulation did not alter PTEN or PP2A expression in 

CRC cells. Interestingly, TRIM29 knockdown increased 

PHLPP1 protein levels without affecting its mRNA, 

suggesting posttranscriptional regulation. Rescue 

experiments confirmed that PI3K/AKT inhibition due to 

TRIM29 knockdown was reversed by simultaneous 

PHLPP1 knockdown. Analogous to TRIM11-mediated 

PHLPP1 ubiquitination [41], we demonstrated that 

TRIM29 promotes PHLPP1 ubiquitination, leading to 

proteasomal degradation and subsequent PI3K/AKT 

activation. These findings indicate that TRIM29 activates 

PI3K/AKT via ubiquitin-mediated PHLPP1 degradation, 

although future studies should elucidate the specific 

domains involved. 

Conclusion 

In conclusion, our study identifies circIL4R as a novel 

circRNA upregulated in CRC tissues, cells, and serum, 

with potential diagnostic and prognostic value. We show 

that TFAP2C transcriptionally upregulates circIL4R, 

which functions as a miR-761 sponge to increase 

TRIM29 expression. TRIM29 subsequently targets 

PHLPP1 for ubiquitin-mediated degradation, leading to 

PI3K/AKT pathway activation and promoting CRC 

proliferation and metastasis (Figure 9m). These findings 

provide new insights into CRC pathogenesis and suggest 

that circIL4R may serve as a promising target for 

diagnostic and therapeutic strategies in clinical practice. 
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