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Abstract: Ewing sarcoma-associated transcript 1 (EWSAT1) has been implicated in colorectal cancer (CRC) progres-
sion, but its downstream regulatory mechanisms remain unclear. This study aimed to investigate whether EWSAT1 
promotes the malignant progression of CRC via the miR-330-5p/CPEB4 axis. The expression levels of EWSAT1, miR-
330-5p, and CPEB4 in 30 pairs of CRC tissues and adjacent normal tissues were detected by qRT-PCR. The effects 
of siRNA-mediated EWSAT1 knockdown on cell proliferation, migration, invasion, and apoptosis were evaluated in 
HCT-15 and HCT-116 cells. RNA pull-down and dual-luciferase reporter assays were performed to verify the interac-
tions between EWSAT1 and miR-330-5p, as well as between miR-330-5p and the 3’-UTR of CPEB4. Additionally, qRT-
PCR, Western blot analysis, and rescue assays (via miR-330-5p inhibition or CPEB4 overexpression) were employed 
to clarify the functional role of this regulatory axis. The expression levels of EWSAT1 and CPEB4 were increased, 
while that of miR-330-5p was decreased in CRC tissues compared with adjacent normal tissues. Knockdown of 
EWSAT1 significantly inhibited the proliferation, migration, and invasion of CRC cells, and promoted their apoptosis. 
Mechanistically, EWSAT1 could directly bind to miR-330-5p, thereby alleviating the inhibitory effect of miR-330-5p 
on CPEB4. Inhibition of miR-330-5p or overexpression of CPEB4 could partially reverse the suppression of malig-
nant phenotypes induced by EWSAT1 knockdown. Furthermore, high CPEB4 expression was associated with poorer 
survival outcomes in CRC patients. In conclusion, EWSAT1 promotes the malignant phenotypes of CRC cells by 
regulating the miR-330-5p/CPEB4 axis. This molecular axis may provide new insights into the mechanisms of CRC 
progression and potential targeted interventions.
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Introduction

Worldwide, colorectal cancer (CRC) is the 3rd 
most diagnosed cancer and the 2nd leading 
cause of cancer-related death [1]. In the U.S., 
improved therapeutic strategies have increased 
the 5-year survival rate of CRC patients to 65%, 
largely due to advances in surgical techniques 
[2]. In China, the 5-year survival rate of CRC 
patients is as high as 56.9%, and it is on the 
rise with the improvement of medical stan-
dards [3]. However, due to insufficient aware-
ness of red-flag symptoms (e.g., persistent diar-
rhea, hematochezia), most CRC cases are not 
diagnosed at an early stage. This delay in diag-
nosis leads to delayed treatment, which can 

exacerbate disease progression and reduce  
the 5-year survival rate [4, 5]. Therefore, eluci-
dating the core molecular mechanisms underly-
ing CRC initiation and metastasis, as well as 
identifying novel diagnostic biomarkers, is a 
crucial research priority.

Long non-coding RNAs (lncRNAs), defined as 
transcripts longer than 200 nucleotides that 
lack functional open reading frames, play cru-
cial roles in various biological processes, includ-
ing transcriptional regulation, epigenetic marks, 
molecular stability, translation, and post-trans-
lational modifications [6]. Accumulating evi-
dence has established lncRNAs as pivotal regu-
lators in cancer, influencing not only canonical 
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malignant behaviors like proliferation and inva-
sion but also metabolic reprogramming [7]. 
LncRNAs act as microRNA (miRNA) sponges  
via a competitive endogenous RNA (ceRNA) 
mechanism, thereby modulating downstream 
gene expression [8]. Multiple lncRNAs, includ-
ing ITGB8-AS1, SNHG16, and MIR600HG, act 
as critical regulators of CRC progression by 
modulating tumor growth, migration, and inva-
sion [9-11]. Ewing sarcoma-associated tran-
script 1 (EWSAT1), a member of lncRNAs, was 
first identified in Ewing’s sarcoma and can pro-
mote cell proliferation and metastasis in Ewing 
sarcoma cell lines [12]. A previous mechanistic 
study demonstrated that EWSAT1 upregulation 
orchestrates multiple oncogenic processes in 
CRC, including enhanced proliferative capacity, 
invasive potential, and epithelial-mesenchymal 
transition dynamics [13]. However, the molecu-
lar mechanisms by which EWSAT1 regulates 
CRC progression remain poorly defined.

MicroRNAs (miRNAs) are a family of naturally 
occurring, evolutionarily conserved small non-
coding RNA molecules, typically ~22 nucleo-
tides in length. They bind to complementary 
sequences in the 3’-untranslated regions (3’-
UTRs) of their target messenger RNAs (mRNAs), 
thereby suppressing gene expression [14]. This 
regulatory capacity allows them to influence  
a broad range of cellular activities, including 
developmental processes [15]. Accumulating 
evidence has identified miR-330-5p as a cru-
cial player in various malignancies, including 
breast cancer [16], bladder cancer [17], cervi-
cal cancer [18], and CRC [19]. However, the 
exact role of miR-330-5p in CRC pathogenesis 
remains to be fully elucidated.

Vertebrates express four well-characterized 
members of the Cytoplasmic Polyadenylation 
Element Binding Protein (CPEB) family: CPEB1, 
CPEB2, CPEB3, and CPEB4 [20]. Despite func-
tional diversity among these members, the 
CPEB family plays a critical role in regulating 
tumor pathogenesis and angiogenesis [21]. 
However, the regulatory mechanisms of CPEB 
family members in CRC remain incompletely 
understood. Thus, this study aimed to clarify 
the exact molecular mechanisms by which 
CPEB family members affect CRC progression.

This study revealed the oncogenic function of 
EWSAT1 in CRC by regulating the miR-330-5p/
CPEB4 axis. Our findings reveal a previously 

unreported pathway in CRC and highlight the 
translational potential of EWSAT1 as both a 
diagnostic biomarker and a therapeutic can- 
didate.

Materials and methods

Patients and tissue sample

Thirty patients who underwent laparoscopic ra- 
dical resection for CRC at the Department of 
Abdominal Tumor Surgery, Qingdao Central 
Hospital of Rehabilitation University between 
May 2021 and May 2024 were enrolled in this 
study. Surgically removed tumor tissues and 
matched adjacent normal tissues were collect-
ed, immediately cryopreserved in liquid nitro-
gen after resection, and stored at -80°C. The 
study protocol was approved by the Ethics Co- 
mmittee of Qingdao Central Hospital of Reha- 
bilitation University. Written informed consent 
was obtained from all participants.

Inclusion criteria were as follows: (1) histopath-
ologically confirmed primary colorectal adeno-
carcinoma; (2) successful radical surgical re- 
section with intact tumor tissue and paired 
adjacent normal tissue obtained; (3) no preop-
erative anticancer treatment, including chemo-
therapy, radiotherapy, immunotherapy, or tar-
geted therapy; (4) complete clinical and patho-
logical data; (5) sufficient tissue quantity and 
quality for subsequent experimental analysis.

Exclusion criteria were as follows: (1) recurrent 
CRC or metastatic colorectal tumors originating 
from other primary tumors; (2) prior antitumor 
treatment; (3) concurrent malignant tumors or 
severe systemic diseases; (4) insufficient or 
poor-quality tissue samples that did not meet 
study requirements. Adjacent normal tissue 
was defined as histopathologically confirmed 
non-cancerous tissue located at least 5 cm 
from the tumor margin, with no evidence of tu- 
mor cell infiltration. Expression levels of EW- 
SAT1, miR-330-5p, and CPEB4 in CRC and ad- 
jacent normal tissues were assessed by qRT-
PCR using surgically collected samples.

Cell culture

Human CRC cell lines HCT-15 (Cat# CX 0198), 
HCT-116 (Cat# CX 0064), and the human em- 
bryonic kidney cell line HEK293T (Cat# CX 
0001) were purchased from Boster Biological 
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Technology (Wuhan, China). All cell lines were 
authenticated by the supplier, and their identi-
ties were verified by short tandem repeat profil-
ing. Mycoplasma testing was performed after 
cell thawing, and all results were negative. Only 
cells at low passage numbers were used in sub-
sequent experiments. HCT-15 cells were cul-
tured in RPMI-1640 medium, HCT-116 cells 
were cultured in McCoy’s 5A medium, and 
HEK293T cells were cultured in DMEM medi-
um. All culture media were purchased from 
Meilunbio (Liaoning, China) and supplemented 
with 10% fetal bovine serum and 1% penicillin-
streptomycin. All cells were maintained in a 
humidified incubator at 37°C with 5% CO2.

Cell transfection

For functional studies, HCT-15 and HCT-116 
cells were subjected to EWSAT1 knockdown, 
miR-330-5p overexpression, miR-330-5p inhi-
bition, or CPEB4 overexpression. The small 
interfering RNA targeting EWSAT1 (si-EWSAT1), 
siRNA negative control, miR-330-5p mimics, 
mimic negative control, miR-330-5p antagomir, 
and antagomir negative control were synthe-
sized by GenePharma (Jiangsu, China). The 
CPEB4 overexpression plasmid and its corre-
sponding empty vector control were also con-
structed by GenePharma. Sequence informa-
tion for all oligonucleotides and plasmids is 
provided in Table 1.

Before transfection, cells were seeded in 6-well 
plates and cultured until they reached 60-70% 
confluence. The final concentration of si-
EWSAT1, miR-330-5p mimics, and their respec-
tive negative controls was 50 nM, whereas the 
final concentration of miR-330-5p antagomir 
and its negative control was 100 nM. Each 
CPEB4 overexpression plasmid or empty vector 
control was used at 2 μg per well. Transfections 

cDNA using Hifair® III 1st Strand cDNA Synthesis 
SuperMix for qPCR (Yeasen, Shanghai, China) 
according to the manufacturer’s protocols. qRT-
PCR was performed using Hieff UNICON® qPCR 
SYBR Green Master Mix (Yeasen) to assess  
the expression levels of lncRNA, miRNA, and 
mRNA. Primers were provided by Tsingke 
(Beijing, China) and are listed in Table 2. Data 
were analyzed using the 2-∆∆Ct method.

Cell proliferation assay

Cell proliferation was evaluated using an MTT 
assay kit (Meilunbio) according to the manufac-
turer’s protocol. Cells were seeded into 96-well 
plates and incubated for 24, 48, 72, or 96 h. 
Absorbance was measured at 570 nm using a 
microplate reader.

Wound healing assay

After transfection, cell monolayers in 6-well 
plates were scratched uniformly using a 10 μL 
pipette tip and then incubated in serum-free 
medium. Cell migration was assessed by mea-
suring the wound closure distance at 0 and 48 
h after scratching.

Cell invasion assay

Cell invasion ability was evaluated using Ma- 
trigel-coated Transwell chambers. Matrigel (Co- 
rning, NY, USA) was thawed on ice and diluted 
1:8 with pre-chilled serum-free medium. Then, 
100 μL of the diluted Matrigel was evenly app- 
lied to the upper surface of the Transwell mem-
brane and incubated at 37°C for 2 h to allow 
solidification. HCT-15 and HCT-116 cells from 
each treatment group were trypsinized, collect-
ed, counted, and resuspended in serum-free 
medium. A total of 2 × 105 cells in 200 μL of 
serum-free medium were seeded into the upper 

Table 1. Transfection sequence
Gene Sequences (5’-3’)
Si-EWSAT1 Sense (S): CUAUUUCUUCCUGCAACAUTT

Antisense (AS): AUGUUGCAGGAAGAAAUAGAG
miR-330-5p mimics S: UCUCUGGGCCUGUGUCUUAGGC

AS: CUAAGACACAGGCCCAGAGAUU
miR-330-5p antagomir S: GCCUAAGACACAGGCCCAGAGA
MicroRNA inhibitor N.C. CAGUACUUUUGUGUAGUACAA
Negative control S: UUCUCCGAACGUGUCACGUTT

AS: ACGUGACACGUUCGGAGAATT

were performed using Lipofect- 
amine 3000 reagent (Invitrogen, 
Shandong, China) according to 
the manufacturer’s instructions.

RNA extraction and quantitative 
real-time polymerase chain re-
action (qRT-PCR)

Total RNA was extracted from cu- 
ltured cells using RNA-easy Re- 
agent (Vazyme, Jiangsu, China) 
and reverse-transcribed into 



EWSAT1 regulates MiR-330-5p/CPEB4 in CRC

3975	 Am J Transl Res 2026;18(5):3972-3987

Table 2. Primers of qRT-PCR
Target Primer sequences (5’-3’)
EWSAT1 Forward 5’-GTGTCTGGCAAGGAACACTA-3’

Reverse 5’-GGTGGAGAAGAGGGACAATAAG-3’
miR-330-5p Stem-loop 5’-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCTCTG-3’

Forward 5’-GCAAAGCACACGGCCTG-3’
Reverse 5’-GTGCAGGGTCCGAGGT-3’

CPEB4 Forward 5’-TGGGGATCAGCCTCTTCATA-3’
Reverse 5’-CAATCCGCCTACAAACACCT-3’

β-actin Forward 5’-TTGGTATCGTGGAAGGACTCA-3’
Reverse 5’-TGTCATCATATTTGGCAGGTT-3’

U6 Forward 5’-GCTTCGGCAGCACATATACTAAAAT-3’
Reverse 5’-CGCTTCACGAATTTGCGTGTCAT-3’

chamber. The lower chamber was filled with 
500 μL of complete medium containing 10% 
fetal bovine serum as a chemoattractant. After 
incubation at 37°C in a 5% CO2 incubator for 48 
h, cells that had invaded through the Matrigel 
and attached to the lower surface of the mem-
brane were fixed with 4% paraformaldehyde 
(Beyotime, China) for 30 min and stained with 
0.1% crystal violet (Solarbio, China) for 30 min. 
After gentle washing with PBS and air drying, 
stained cells were observed and photographed 
under an optical microscope. Multiple random 
fields per chamber were counted to quantify 
invasive ability. All experiments were indepen-
dently repeated three times.

Flow cytometry

After treatment, cells were collected, washed 
with PBS, and stained with Annexin V-fluorescein 
isothiocyanate (FITC, Meilunbio) and propidium 
iodide (PI) according to the manufacturer’s pro-
tocol. Staining was performed for 15-20 min at 
room temperature in the dark. Apoptosis was 
analyzed using flow cytometry, and data were 
processed with FlowJo software.

Dual-luciferase reporter assay

Reporter plasmids carrying either wild-type 
(EWSAT1-wt, CPEB4-wt) or mutant (EWSAT1-
mut, CPEB4-mut) miR-330-5p binding sites 
were obtained from Hunan Fenghui Biotech- 
nology (Hunan, China). HEK293T cells were 
seeded into 96-well plates at 5 × 104 cells per 
well. When cells reached 60-70% confluence, 
co-transfections were performed using Lipo- 
fectamine 3000 reagent. Each co-transfection 
included one of the above reporter plasmids 

together with either miR-330-5p mimics or mi- 
mic control. After 48 h, firefly and Renilla lucif-
erase activities were measured using a Luci- 
ferase Reporter Assay Kit (Meilunbio). Firefly 
luciferase signals were normalized to Renilla 
luciferase activity, which served as an internal 
control.

RNA pulldown assay

Biotin was ligated to the 3’ ends of EWSAT1 and 
miR-330-5p. HCT-116 or HCT-15 cells were re- 
suspended in lysis buffer containing 100 mM 
KCl, 5 mM MgCl2, 20 mM Tris (pH 7.5), 0.3% 
NP-40, a protease inhibitor mixture (Roche, 
USA), and 50 U RNase OUT (Invitrogen, USA). 
CRC cell lysates were incubated with biotin-
labeled EWSAT1 and miR-330-5p probes. The 
levels of lncRNA and miRNA were pulled down 
by biotin-labeled EWSAT1 and miR-330-5p pull-
downs were detected by qRT-PCR.

Western blot

HCT-15 and HCT-116 cells from each treatment 
group were collected, washed with PBS, and 
lysed in RIPA buffer supplemented with a prote-
ase inhibitor mixture. Lysates were incubated 
on ice for 30 min, and the supernatant was col-
lected as total protein extract. Protein concen-
tration was determined using a BCA protein 
quantification kit. Equal amounts of protein 
from each group were separated by SDS-PAGE 
and transferred onto PVDF membranes. Me- 
mbranes were blocked with 5% skim milk at 
room temperature for 1 h, followed by overnight 
incubation at 4°C with primary antibodies: anti-
CPEB4 (1:1000; Proteintech, Wuhan, China) 
and anti-β-actin (1:2000; Proteintech, Wuhan, 
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China). After washing with TBST, membranes 
were incubated with HRP-conjugated second-
ary antibodies (goat anti-rabbit or goat anti-
mouse IgG, 1:4000; Proteintech) for 1 h at ro- 
om temperature. Protein bands were visualized 
using an ECL chemiluminescence reagent and 
quantified using ImageJ software. CPEB4 ex- 
pression levels were normalized to β-actin.

Statistical methods

Continuous variables are presented as mean ± 
standard deviation (SD). All statistical analyses 
were performed using GraphPad Prism version 
9.0. For clinical tissue analyses, differences in 
EWSAT1, miR-330-5p, and CPEB4 expression 
between paired CRC and adjacent normal tis-
sues were assessed using paired Student’s 
t-test. Correlations between gene expression 
levels in CRC tissues were evaluated using 
Pearson correlation analysis. Survival curves 
were generated using the Kaplan-Meier meth-
od, and differences between high- and low-
expression groups were compared using the 
log-rank test. For in vitro experiments, all as- 
says were independently repeated three times. 
Comparisons between two groups were per-
formed using Student’s t-test, whereas com-
parisons among multiple groups were analyzed 
using one-way ANOVA followed by Tukey’s post 
hoc test. Cell proliferation curves from MTT 
assays were analyzed using two-way ANOVA fol-
lowed by Tukey’s multiple comparisons test. 
Dual-luciferase reporter assay data (wild-type 
vs. mutant) were also analyzed using two-way 
ANOVA.

Results

EWSAT1 was highly expressed in CRC and 
regulated malignant behavior

We first examined EWSAT1 expression in CRC 
patients. qRT-PCR was used to analyze EWSAT1 
transcript levels in cancerous and adjacent  
normal tissues from 30 CRC patients. The 
results showed that EWSAT1 expression was 
significantly upregulated in CRC tissues com-
pared with adjacent normal tissues (Figure 1A). 
Subsequently, we successfully knocked down 
EWSAT1 expression in CRC cell lines (HCT-15 
and HCT-116) (Figure 1B) to investigate its eff- 
ect on the malignant phenotype of CRC cells. 
MTT assays showed that EWSAT1 knockdown 

significantly inhibited CRC cell proliferation at 
24, 48, 72, and 96 h (Figure 1C). Wound heal-
ing assays demonstrated that the migration 
rate of HCT-15 and HCT-116 cells transfect- 
ed with si-EWSAT1 was significantly decreas- 
ed compared with the control and nc groups 
(Figure 1D). Transwell invasion assays further 
confirmed that EWSAT1 knockdown significant-
ly reduced the number of invasive HCT-15 and 
HCT-116 cells (Figure 1E). Furthermore, flow 
cytometry analysis showed that EWSAT1 knock-
down significantly increased the apoptosis rate 
in both CRC cell lines (Figure 1F). These results 
indicated that high EWSAT1 expression is es- 
sential for proliferation, migration, and invasion 
of CRC cells while suppressing apoptosis.

EWSAT1 negatively regulated miR-330-5p ex-
pression in CRC

To further explore the downstream signaling 
pathways of EWSAT1, we used the starBase 
database to predict downstream miRNAs. Pre- 
dicted binding sites between EWSAT1-wt and 
miR-330-5p are shown in Figure 2A. We also 
designed an EWSAT1-mut plasmid to mutate 
and inactivate the predicted binding sites. To 
clarify the expression pattern of miR-330-5p in 
CRC, we first validated its expression in the col-
lected clinical samples. The results showed 
that miR-330-5p expression was significan- 
tly lower in CRC tissues than in adjacent nor- 
mal tissues (Figure 2B) and was significantly 
negatively correlated with EWSAT1 expression 
(Figure 2C, r=0.632, P < 0.0001). To further cl- 
arify the regulatory relationship between the 
two, we performed an RNA pull-down assay and 
confirmed the pull-down efficiency of the biotin-
labeled EWSAT1 probe by RT-qPCR (Figure 2D). 
The results showed that the EWSAT1 probe  
significantly enriched miR-330-5p in both CRC 
cell lines (Figure 2E). Furthermore, dual-lucifer-
ase reporter assays indicated that, after co-
transfection of HEK293T cells with miR-330-5p 
mimics, the relative luciferase activity in the 
EWSAT1-wt group was significantly lower than 
in the EWSAT1-mut group (Figure 2F). This  
suggested that EWSAT1 specifically bound to 
miR-330-5p, consistent with the predicted 
results. In addition, knockdown of EWSAT1 up- 
regulated miR-330-5p expression in CRC ce- 
lls (Figure 2G). Furthermore, when EWSAT1-
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Figure 1. High expression of EWSAT1 in CRC tissues and its modulating malignant behavior. A: qRT-PCR detection 
of relative EWSAT1 expression in 30 paired CRC and adjacent normal tissues. B: qRT-PCR verification of knockdown 
efficiency after si-EWSAT1 transfection in HCT-15 and HCT-116 cells. C: MTT assay showing proliferation of HCT-15 
and HCT-116 cells at different time points after EWSAT1 knockdown; OD values were measured at 570 nm. D: 
Wound healing assay showing the effect of EWSAT1 knockdown on migration of HCT-15 and HCT-116 cells at 0 and 
48 h. Scale bar, 200 μm; original magnification, ×100. E: Transwell invasion assay showing the effect of EWSAT1 
knockdown on invasion of HCT-15 and HCT-116 cells. Scale bar, 200 μm; original magnification, ×200. F: Annexin 
V-FITC/PI flow cytometry showing the effect of EWSAT1 knockdown on apoptosis of HCT-15 and HCT-116 cells. Data 
were presented as mean ± SD. Tissue samples were compared using a paired two-tailed Student’s t-test. All cell 
experiments were performed in triplicate; comparisons among groups were performed using one-way ANOVA with 
Tukey’s post hoc test. MTT proliferation curves were analyzed using two-way ANOVA. con, blank control group; nc, 
negative control group; si-EWSAT1, EWSAT1 knockdown group. ns, not significant; **P < 0.01; ***P < 0.001; ****P 
< 0.0001. EWSAT1, Ewing sarcoma-associated transcript 1; CRC, colorectal cancer; con, blank control group; nc, 
negative control group; si-EWSAT1, small interfering RNA targeting EWSAT1; FITC, fluorescein isothiocyanate; PI, 
propidium iodide.

knockdown cells were co-transfected with miR-
330-5p antagomir, the upregulation of miR-

330-5p induced by EWSAT1 knockdown was 
partially reversed (Figure 2H).



EWSAT1 regulates MiR-330-5p/CPEB4 in CRC

3978	 Am J Transl Res 2026;18(5):3972-3987

Figure 2. EWSAT1 bound to miR-330-5p and regulated its expression. A: StarBase prediction of potential binding 
sites between EWSAT1 and miR-330-5p, showing wild-type and mutant sequences of EWSAT1. B: qRT-PCR detection 
of relative miR-330-5p expression in 30 paired CRC and adjacent normal tissues. C: Pearson correlation analysis 
of the correlation between EWSAT1 and miR-330-5p expression levels in CRC tissues. D: Enrichment efficiency of 
the biotin-labeled EWSAT1 probe for EWSAT1 was detected after RNA pull-down. E: RNA pull-down assay showing 
enrichment of miR-330-5p by the EWSAT1 probe. F: Dual-luciferase reporter assay showing the effect of miR-330-
5p mimics on the relative luciferase activity of EWSAT1-wt or EWSAT1-mut reporter vectors. G: qRT-PCR detection of 



EWSAT1 regulates MiR-330-5p/CPEB4 in CRC

3979	 Am J Transl Res 2026;18(5):3972-3987

EWSAT1 regulated the malignant behavior of 
CRC cells through miR-330-5p

To verify that EWSAT1 and miR-330-5p interact 
to regulate the malignant behavior of CRC, we 
co-transfected si-EWSAT1 and miR-330-5p an- 
tagomir into HCT-15 and HCT-116 cells. Com- 
pared with the control and nc groups, si-EW- 
SAT1 transfection inhibited proliferation, migra-
tion, and invasion of CRC cells and increased 
the apoptosis rate. Co-transfection with si-
EWSAT1 and miR-330-5p antagomir attenuat-
ed the si-EWSAT1-induced suppression of pro-
liferation, migration, and invasion and also 
weakened the si-EWSAT1-promoted apoptosis 
of CRC cells (Figure 3A-D). These results sug-
gest that EWSAT1 acts as a molecular sponge 
for miR-330-5p, thereby relieving miR-330-5p-
mediated inhibition of its downstream target 
genes and affecting the malignant behavior of 
CRC cells.

miR-330-5p directly targeted and regulated 
expression of the downstream gene CPEB4

To elucidate the downstream target of miR-
330-5p, we used the TargetScan bioinformat-
ics prediction tool. The results showed poten-
tial binding sites between CPEB4-wt and miR-
330-5p (Figure 4A). To confirm this regulatory 
relationship, we performed dual-luciferase as- 
says. After co-transfection with miR-330-5p 
mimics, the relative luciferase activity of the 
CPEB4-wt group was significantly lower than 
that of the CPEB4-mut group, demonstrat- 
ing that miR-330-5p directly bound to CPEB4 
mRNA through complementary base pairing 
with its 3’UTR (Figure 4B). We next verified this 
regulatory relationship in clinical samples. qRT-
PCR results showed that CPEB4 transcript lev-
els were significantly higher in CRC tissues than 
in adjacent normal tissues (Figure 4C) and 
were negatively correlated with miR-330-5p 
expression (Figure 4D, r=0.69, P < 0.0001). At 
the cellular level, overexpression of miR-330-

5p (Figure 4E) downregulated CPEB4 expres-
sion at both the mRNA and protein levels 
(Figure 4F, 4G). These results indicated that 
CPEB4 is a direct functional target of miR-330-
5p in CRC.

CPEB4 mediated the regulatory effects of 
EWSAT1 on malignant behaviors in CRC

To further clarify whether CPEB4 acts as a do- 
wnstream effector of EWSAT1 in CRC progres-
sion, we first analyzed the correlation between 
their expression levels in the 30 paired CRC  
tissue samples. The results showed a signifi-
cant positive correlation between EWSAT1  
and CPEB4 expression (Figure 5A, r=0.557, P < 
0.0001). Survival analysis based on follow-up 
data from these 30 patients revealed that 
patients with high CPEB4 expression had wor- 
se overall survival (Figure 5B, P=0.005). Con- 
sistent with this, Kaplan-Meier analysis using 
the public database GSE17536 also showed 
that high CPEB4 expression was associated 
with lower survival probability in CRC patients 
(Figure 5C, P=0.0015). Furthermore, at the cel-
lular level, EWSAT1 knockdown significantly 
reduced CPEB4 expression in both HCT-15 and 
HCT-116 cells (Figure 5D).

To verify whether CPEB4 is involved in EWSAT1-
mediated regulation of the CRC malignant  
phenotype, we performed a CPEB4 overexpres-
sion rescue experiment in EWSAT1-knockdown 
cells. qRT-PCR results confirmed that CPEB4 
overexpression partially reversed the downreg-
ulation of CPEB4 induced by si-EWSAT1 (Figure 
5E). Functional experiments showed that 
EWSAT1 knockdown significantly inhibited CRC 
cell proliferation, whereas CPEB4 overexpres-
sion partially reversed this inhibition (Figure 
5F). Wound healing assays further demonstrat-
ed that CPEB4 overexpression restored the cell 
migration ability weakened by EWSAT1 knock-
down (Figure 5G). Invasion assays showed th- 
at the decreased cell invasion ability induced 

changes in miR-330-5p expression in HCT-15 and HCT-116 cells after EWSAT1 knockdown. H: qRT-PCR detection of 
the effect of miR-330-5p antagomir on EWSAT1 knockdown-induced changes in miR-330-5p expression. Data were 
presented as mean ± SD. Thirty paired clinical tissue samples were used; all cell experiments were performed in 
triplicate. Paired two-tailed Student’s t-test was used for tissue comparisons. Pearson correlation analysis was used 
for correlation analysis. Two-tailed Student’s t-test was used for cell experiment comparisons. Comparisons among 
multiple groups were performed using one-way ANOVA with Tukey’s post hoc test. Dual-luciferase reporter assays 
were analyzed using two-way ANOVA followed by post hoc test. con, blank control group; nc, negative control group; 
wt, wild type; mut, mutant type; ns, not significant; *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001. EWSAT1, 
Ewing sarcoma-associated transcript 1; hsa, Homo sapiens; miR, microRNA; CRC, colorectal cancer; wt, wild type; 
mut, mutant type; con, blank control group; nc, negative control group; probe, biotin-labeled probe; si-EWSAT1, small 
interfering RNA targeting EWSAT1.
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Figure 3. EWSAT1 regulated the malignant phenotype of CRC cells via miR-330-5p. A: MTT assay showing prolifera-
tion of HCT-15 and HCT-116 cells under different treatment conditions. B: Wound healing assay showing migration 
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of HCT-15 and HCT-116 cells at 0 and 48 h, together with quantitative analysis of migration rate. Scale bar, 200 μm; 
original magnification, ×100. C: Transwell invasion assay showing invasion of HCT-15 and HCT-116 cells after dif-
ferent treatments, together with quantification of invasive cell numbers. Scale bar, 200 μm; original magnification, 
×200. D: Annexin V-FITC/PI flow cytometry showing apoptosis levels of CRC cells after different treatments, together 
with quantification of apoptotic cells. Data were presented as mean ± SD. All cell experiments were performed in 
triplicate. MTT proliferation curves were analyzed using two-way ANOVA with Tukey’s multiple comparisons test. 
Other comparisons were performed using one-way ANOVA with Tukey’s post hoc test. con, blank control group; nc, 
negative control group; si-EWSAT1, EWSAT1 knockdown group; miR-330-5p antagomir, miR-330-5p inhibitor. ns, not 
significant; *P < 0.05; **P < 0.01; ****P < 0.0001.

by si-EWSAT1 was also partially reversed by 
CPEB4 overexpression (Figure 5H). In addition, 
flow cytometry results showed that EWSAT1 
knockdown significantly increased the propor-
tion of apoptotic CRC cells, whereas CPEB4 
overexpression attenuated this pro-apoptotic 
effect (Figure 5I).

Discussion

The diagnosis of CRC remains challenging, 
especially at early stages, leading to delayed 
detection and advanced-stage disease at pre-
sentation. Consequently, resectability rates are 
lower and mortality is higher [1, 2, 4, 5, 22]. 
Furthermore, although surgery, radiotherapy, 
chemotherapy, targeted therapy, and immuno-
therapy have significantly improved survival  
in some patients, recurrence, metastasis, and 
treatment failure remain major obstacles in 
CRC management, particularly for patients with 
advanced CRC [23]. Precision treatment of CRC 
is still limited by inadequate patient stratifica-
tion [24, 25]. Currently, markers such as RAS, 
BRAF, MSI/MMR, and HER2 are commonly us- 
ed in clinical practice to guide treatment [26]; 
however, these indicators primarily guide cer-
tain targeted therapy or immunotherapy deci-
sions and do not fully explain the significant dif-
ferences in proliferative capacity, invasion and 
metastasis, chemotherapy response, or prog-
nosis among CRC patients [27, 28]. To address 
these unmet clinical needs, our study revealed 
a novel ceRNA regulatory network involved in 
the malignant progression of CRC. Our results 
showed that knockdown of EWSAT1 significant-
ly inhibited proliferation, migration, and inva-
sion of CRC cells while promoting apoptosis. 
This implies that EWSAT1 is not simply an aber-
rantly expressed molecule but rather an impor-
tant functional lncRNA involved in maintaining 
the malignant phenotype of CRC.

LncRNAs have been shown to participate in 
tumorigenesis through multiple mechanisms, 
including chromatin remodeling, epigenetic reg-

ulation, transcriptional regulation, and post-
transcriptional regulation of mRNA stability and 
translation [7, 29]. Among these, the ceRNA 
mechanism is a key pathway through which 
lncRNAs exert their pro- or anti-tumor effects. 
Specifically, lncRNAs can indirectly regulate  
the expression of protein-coding genes by com-
petitively binding to specific miRNAs, there- 
by relieving miRNA-mediated suppression of 
downstream target mRNAs [8]. In CRC, several 
lncRNA-mediated ceRNA regulatory axes have 
been implicated in tumor progression. For 
example, ITGB8-AS1 acts as a ceRNA by bind-
ing to miR-33b-5p and let-7c/d-5p, thereby 
upregulating ITGA3/ITGB3 and activating the 
focal adhesion signaling pathway [9]; SNHG16 
promotes CRC metastasis through the miR-
124-3p/MCP-1 axis [10]; and miR600HG accel-
erates CRC progression via the miR-114-3p/
KIF3A axis [11]. In addition, PCGEM1 exerts 
pro-tumor effects through the miR-433-3p/
CTCF axis [30].

Therefore, we focused on EWSAT1 for further 
investigation. EWSAT1 was initially reported to 
be associated with Ewing’s sarcoma [31], and 
has been shown to closely influence the malig-
nant behavior of various tumors as a key regu-
lator of ceRNA networks in osteosarcoma [32], 
cervical cancer [33] and glioma [34]. A meta-
analysis by Wen et al. indicated that high 
EWSAT1 expression in various tumors predict-
ed poor overall survival and was associated 
with adverse clinicopathological features [31]. 
However, EWSAT1 remains poorly studied in 
CRC, with only the study by Zhang et al. report-
ing that high EWSAT1 expression in CRC is 
closely related to proliferation and epithelial-
mesenchymal transition, suggesting that high 
EWSAT1 expression may correlate with a highly 
invasive CRC phenotype [13]. Importantly, that 
study did not further explore the regulatory role 
of EWSAT1 in CRC. Our study systematically 
confirmed that EWSAT1 directly binds to miR-
330-5p through bioinformatics prediction, ex- 
pression correlation analysis, RNA pull-down, 
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Figure 4. miR-330-5p directly targeted CPEB4 and inhibited its expression. A: TargetScan prediction of potential 
binding sites between miR-330-5p and the CPEB4 3’UTR, showing wild-type and mutant sequences of the CPEB4 
3’UTR. B: Dual-luciferase reporter assay showing the effect of miR-330-5p mimics on the relative luciferase activity 
of CPEB4-wt or CPEB4-mut reporter vectors. C: qRT-PCR detection of relative CPEB4 expression in 30 paired CRC 
and adjacent normal tissues. D: Pearson correlation analysis of the correlation between miR-330-5p and CPEB4 
expression levels in CRC tissues. E: qRT-PCR verification of transfection efficiency of miR-330-5p mimics in HCT-15 
and HCT-116 cells. F: qRT-PCR detection of changes in CPEB4 mRNA expression in HCT-15 and HCT-116 cells after 
miR-330-5p overexpression. G: Western blot detection of changes in CPEB4 protein expression in HCT-15 and HCT-
116 cells after miR-330-5p overexpression, with densitometric quantification using β-actin as an internal control. 
Data were presented as mean ± SD. Thirty paired clinical tissue samples were used; all cell experiments were per-
formed in triplicate. Paired two-tailed Student’s t-test was used for tissue comparisons. Pearson correlation analysis 
was used for correlation analysis. Comparisons among multiple groups were performed using one-way ANOVA with 
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and dual-luciferase reporter assays. Furthe- 
rmore, EWSAT1 and miR-330-5p showed oppo-
site expression trends in CRC tissues and cells, 
suggesting that EWSAT1 may weaken the anti-
tumor function of miR-330-5p through a molec-
ular sponge effect.

MiRNAs play a critical role in carcinogenesis, 
and miR-330-5p is notably downregulated in 
CRC [35]. Consistent with this report, our re- 
sults showed that overexpression of miR-330-
5p significantly inhibited CRC cell proliferation, 
migration, and invasion and promoted apopto-
sis; conversely, inhibition of miR-330-5p re- 
versed the suppression of malignant pheno-
types induced by EWSAT1 knockdown. It is 
noteworthy that the biological role of miR-330-
5p is not limited to CRC. Previous studies have 
shown that miR-330-5p is also involved in the 
development of various tumors, including bre- 
ast cancer, bladder, and cervical cancers [16-
18], suggesting a potentially universal tumor 
suppressor function. This evidence further un- 
derscores the potential therapeutic relevance 
of the EWSAT1/miR-330-5p regulatory axis in 
malignant tumors.

Notably, our study also identified CPEB4 as a 
direct target of miR-330-5p. Members of the 
CPEB family have been identified as cancer 
regulators [20]; CPEB4 binds to the cytoplas-
mic polyadenylation element (CPE) of target 
mRNAs and regulates cytoplasmic polyadenyl-
ation and translational activation during devel-
opment [36, 37]. In tumors, CPEB4 has been 
reported to regulate ferroptosis in hepatocellu-
lar carcinoma [38], and its downregulation pre-
vents non-small cell lung cancer invasion by 
inhibiting the ROS/Akt pathway [39]. In addi-
tion, CPEB4 promotes breast cancer metasta-
sis by upregulating vimentin [40]. In CRC, 
CPEB4 remains relatively understudied. Early 
studies by Chi-Shuan Huang, Yu-Tien Chang, 
and colleagues analyzed gene expression pro-
files of peripheral blood samples from CRC 
patients and concluded that differential CPEB4 
expression could be used for early CRC detec-
tion [41-43]. Notably, the study by Chi-Shuan 
Huang et al. further pointed out that CPEB4 
may be involved not only in the translational 
regulation of mitosis in CRC but also in DNA 

replication [43]. In addition, a study by Xiao- 
sheng He et al. indicated that CPEB4 has prog-
nostic value in CRC, with high CPEB4 expres-
sion associated with worse prognosis, which is 
consistent with our clinical data [44]. Further- 
more, a study by Annarita Sibilio et al. on pre-
cancerous lesions of CRC emphasized that 
CPEB4 maintains intestinal homeostasis; ch- 
ronic CPEB4 overexpression causes dysregula-
tion of IL-22 expression, which promotes the 
transformation of inflammatory bowel disease 
to CRC [45].

Based on the above findings, this study has the 
following potential clinical implications. First, 
exosomal miRNAs are promising tools for diag-
nostics and therapeutics. Exosomes, approxi-
mately 100-nm lipid-bilayer vesicles that are 
abundant in biofluids [46, 47], carry functional 
miRNAs that control tumor proliferation, angio-
genesis, and metastasis [48, 49]. For example, 
exosomal miR-144-3p inhibits osteosarcoma 
progression [50]. Given the tumor-suppressive 
function of miR-330-5p, its presence in exo-
somes could serve two purposes: (1) as an 
alternative liquid biopsy marker for early CRC 
detection, complementing current markers 
such as CEA and improving diagnostic specific-
ity; and (2) as a therapeutic carrier, where miR-
330-5p can be packaged into exosomes to 
achieve targeted delivery to the tumor site 
while reducing systemic toxicity [51]. In conclu-
sion, our study illuminates how the EWSAT1/
miR-330-5p/CPEB4 axis controls CRC deve- 
lopment. By validating the ceRNA activity of 
EWSAT1 on miR-330-5p and the subsequent 
de-repression of CPEB4, we offer mechanistic 
insights with direct clinical relevance for novel 
diagnostics and targeted therapy in CRC.

This study has several limitations. First, the 
clinical sample size is relatively small; expres-
sion validation, correlation analysis, and sur-
vival analysis were conducted using tissue 
samples from only 30 CRC patients. The limit- 
ed sample size may reduce statistical power 
and limit the generalizability of the conclusions. 
The clinical significance of the EWSAT1/miR-
330-5p/CPEB4 axis requires further validation 
in larger, multicenter cohorts across different 
tumor stages, molecular subtypes, and treat-

Tukey’s post hoc test. Dual-luciferase reporter assays were analyzed using two-way ANOVA followed by post hoc test. 
con, blank control group; nc, negative control group; wt, wild type; mut, mutant type. ns, not significant; **P < 0.01; 
***P < 0.001; ****P < 0.0001. 
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ment backgrounds. Second, this study relied 
primarily on two CRC cell lines, HCT-15 and 
HCT-116, for in vitro functional experiments. 
Although our results suggest that EWSAT1 kn- 
ockdown inhibits proliferation, migration, and 
invasion and promotes apoptosis in CRC cells, 
cell models cannot fully recapitulate the in vivo 
tumor microenvironment, including immune re- 
gulation, angiogenesis, and metastasis. The- 
refore, the biological role of this molecular axis 
in CRC development and progression needs  
to be further confirmed using in vivo models 
such as subcutaneous tumorigenesis, ortho-
topic tumor models, or metastatic models. 
Third, although this study supported the role of 
EWSAT1 as a ceRNA regulating the miR-330-
5p/CPEB4 axis through RNA pull-down, dual-
luciferase reporter assays, and rescue experi-
ments, we have not yet systematically evaluat-
ed the subcellular localization of EWSAT1, the 
molecular abundance relationship between 
EWSAT1 and miR-330-5p, or the downstream 
translational regulatory network of CPEB4. Fu- 
ture studies should combine RNA-FISH, AGO2-
RIP, in vivo functional validation, and multi-
omics analyses to further clarify the functional 
boundaries and clinical translational value of 
this axis in CRC progression, metastasis, and 
treatment response.
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