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benefit and the prognostic situation at the population level 
remain unfavorable (Fenocchio 2024; Ma et al. 2021). To 
improve the diagnosis and treatment of CC, we urgently 
need to study the pathogenesis and drug resistance mecha-
nism of CC, and find precise, efficient and individualized 
intervention targets.

Long non-coding RNAs (lncRNAs) were previously 
thought to be “noise” in genomic transcripts (Slack et al. 
2019). With advances in genomics research in recent years, 
lncRNAs have gradually been recognized as important reg-
ulators of biological processes, that can participate in the 
occurrence and development of diseases by regulating key 
processes such as cell differentiation, autophagy and apop-
tosis (Chen et al. 2022; Matsui et al. 2017; Wei et al. 2024). 
In the field of tumor research, certain lncRNAs reshape the 
tumor immune microenvironment by regulating ferroptosis, 
antigen presentation, and other mechanisms, thereby medi-
ating tumor resistance to immunotherapy or targeted therapy 
(Chen et al. 2024; Li et al. 2024; Yao et al. 2024). Therefore, 
lncRNAs are being explored as potential molecular targets 
for developing novel anti-tumor therapeutic strategies.

In recent years, studies have revealed that the lncRNA 
CRNDE is abnormally highly expressed and plays pivotal 

Introduction

Colon cancer (CC) is type of malignant tumor originating 
from colon epithelial cells, with increasing incidence in 
recent years, and has become the important public health 
challenge in developing countries (Brenner et al. 2021). 
Although the application of multi-drug combination chemo-
therapy, targeted therapy and immunotherapy has improved 
the prognosis of some patients, issues such as drug resis-
tance, non-specific targeting, and dose-dependent toxicity 
limit the effectiveness of these treatments, thus the survival 
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Abstract
Colon cancer (CC) is a common malignancy with rising incidence worldwide. Despite advances in treatment strategies, 
many patients still face a poor prognosis due to the development of drug resistance. Long non-coding RNAs (lncRNAs) 
have emerged as important regulators of various biological processes and have been implicated in cancer progression. 
Among them, colorectal neoplasia differentially expressed (CRNDE) has drawn attention for its potential roles in different 
cancers. However, its specific functions in CC remain unclear. In this study, we identified CRNDE as highly expressed 
in CC, contributing to tumor progression and drug resistance. Mechanically, CRNDE is regulated by the transcription 
factor TFAP2A. Additionally, CRNDE inhibits pyroptosis, a form of programmed cell death, by promoting the ubiquitin-
mediated degradation of RIPK3, thereby reducing the sensitivity of CC cells to 5-fluorouracil (5-FU). Our findings suggest 
that the TFAP2A/CRNDE/RIPK3 axis plays critical roles in colon cancer progression and chemoresistance, highlighting 
potential therapeutic targets for improving treatment outcomes.
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roles in various human malignant tumors, including lung 
adenocarcinoma, oral cancer, renal clear cell carcinoma, 
and glioma (Chen et al. 2016; Ding et al. 2022; Gu et al. 
2024; Shao et al. 2016; Tang et al. 2018; Wang et al. 2015, 
2022; Yu et al. 2021; Zhu et al. 2021). However, the role of 
CRNDE in CC remains unclear.

TFAP2A, member of transcription factor, has garnered 
attention for its pronounced roles in several human malig-
nancies. Elevated expression levels of TFAP2A have been 
consistently documented and associated with the progres-
sion of tumors (Liu et al. 2023; Ma et al. 2016; Schulte et al. 
2008; Zou et al. 2024).

RIPK3 is the serine/threonine protein kinase belonging 
to the receptor-interacting protein (RIP) family that plays 
key roles in cell signaling. In oncology research, RIPK3 
has attracted significant attention because of its involve-
ment in various cancer-related processes. It also serves as 
component of the TNF receptor-I signaling complex and 
can induce pyroptosis, a form of programmed cell death 
(Babcook et al. 2014; Cho et al. 2018; Conev et al. 2019; 
Duangthim et al. 2024; Liang et al. 2024).

This study is the first to report the aberrant expression of 
CRNDE in CC and its close association with tumor devel-
opment. Mechanistically, CRNDE is positively regulated 
by TFAP2A, and inhibits the pyroptosis process by promot-
ing the ubiquitin-mediated degradation of RIPK3, thereby 
enhancing tumor progression and diminishing its sensitivity 
to 5-fluorouracil (5-FU).

Methods

Bioinformatics analysis

We utilized datasets including TCGA-COAD, GSE84983, 
GSE110715, GSE117830, GSE146009, and GSE180440 to 
conduct comprehensive bioinformatics analysis to explore 
the molecular characteristics of CC. First, the RNA-seq 
data were normalized, and differential expression analysis 
was carried out. The core genes were visualized through 
Venn diagrams, heatmaps, and volcano diagrams. To further 
investigate the role of CRNDE in regulating CC develop-
ment, we classified patients into high- and low-expression 
groups based on the median expression level of CRNDE. 
We then identified dysfunctional signaling pathways in CC 
through gene set enrichment analysis (GSEA) and utilized R 
language packages, including Pathview and Circos, to visu-
alize the corresponding data. For the upstream regulatory 
mechanism of CRNDE, we used databases such as UCSC 
(https://genome.ucsc.edu/) and JASPAR ​(​​​h​t​t​p​s​:​/​/​j​a​s​p​a​r​.​e​l​i​x​
i​r​.​n​o​/​​​​​) to predict potential transcription factors for CRNDE.

Cell culture and transfection

RKO and LoVo were stored in our laboratory. Cells were 
cultured in complete medium containing 10% fetal bovine 
serum (FBS) and maintained at 37  °C and 5% CO₂ with 
regular media changes. RKO and LoVo cells were respec-
tively transfected with shRNA and the CRNDE overexpres-
sion plasmid (Invitrogen, USA) respectively. The cells were 
seeded in 6-well plates on the day prior to transfection to 
ensure a cell density of 70–80%. For shRNA transfection, the 
plasmid was first diluted proportionally with Lipofectamine 
2000 (Invitrogen) in serum-free medium then incubated to 
form complexes. After transfection, qRT-PCR was used to 
detect transfection efficiency. The transfection method of 
the overexpression plasmid was the same as above, all oper-
ations were performed under sterile conditions, and cells 
were used at fewer than six passages to ensure the reliability 
of the experimental results. The detailed sequences are pre-
sented in the supplementary Table 1.

Quantitative real-time polymerase chain reaction 
assay

Total RNA was extracted via TRIzol (Invitrogen) following 
the manufacturer’s protocol, and the RNA concentration and 
purity were measured by a NanoDrop 2000 spectrophotom-
eter (Thermo, USA). Then, 1 µg of total RNA was reversed 
to cDNA. The qRT-PCR reaction was performed in a 10 µl 
system consisting of 5 µl of 2x SYBR Green PCR Master 
Mix (Seven, China), 0.5 µl of 10 µM forward primer, 0.5 µl 
of 10 µM reverse primer, 1 µl of cDNA template, and 3 µl of 
nuclease-free water. The relative gene expression was cal-
culated using the 2−ΔΔCt method. U6 and GAPDH were used 
as the reference genes.

Transwell assay

For the invasion assays, the bottom of the upper chamber 
was coated with Matrigel (Corning, USA). Transfected cells 
were washed twice with PBS, and seeded into the upper 
chamber with the serum-free medium. The lower chamber 
was filled with complete medium, which served as the che-
moattractant. The chambers were then incubated at 37 °C 
with 5% CO₂ for 48 h. After incubation, non-invading cells 
on the upper side of the membrane were carefully removed, 
and the cells that had traversed the membrane were fixed 
with 4% paraformaldehyde (Beyotime, China) and stained 
with crystal violet (Beyotime) for 15  min. The migration 
assay followed a similar protocol but without Matrigel 
coating on the bottom of chambers. Finally, the chambers 
were imaged under a microscope (Olympus, Japan), and 
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the number of invasive cells on the bottom surface of each 
chamber was determined using ImageJ software.

Cell proliferation assay

To assess the proliferative capacity of tumor cells, EdU 
incorporation and colony formation assays were performed. 
For EdU assay, cells were seeded into 24-well plates and 
incubated with EdU working solution (Invitrogen) at 37 °C 
for 2 h. After incubation, the cells were washed with PBS, 
fixed, permeabilized, and then incubated with the reaction 
mixture at room temperature in the dark for 30 min. Nuclei 
were stained with Hoechst. EdU-labeled cells were observed 
and imaged using a fluorescence microscope, and the per-
centage of EdU-positive cells in each sample was quanti-
fied using ImageJ software. For the colony formation assay, 
cells were digested into a single-cell suspension and seeded 
into 6-well plates. Tumor cells were cultured at 37 °C in a 
5% CO₂ incubator until visible colonies formed. Cells were 
then washed with PBS, fixed, and stained. Images were cap-
tured, and colonies with a diameter greater than 1 mm were 
counted.

CCK-8 assay

The CCK-8 assay was used to assess the drug sensitivity of 
RKO and LoVo cells to 5-FU (MCE, China). Tumor cells 
were reseeded in 96-well plates and incubated with 100 µl 
of complete medium for 24 h. Subsequently, 100 µl of 5-FU 
solutions at varying concentrations were added to each well, 
with three replicate wells for each concentration. After 48 h 
of drug treatment, 10 µl of CCK-8 reagent (Beyotime) was 
added to each well and incubated at 37 °C for 1 h accord-
ing to the manufacturer’s instructions, and the absorbance 
values were determined at 450 nm using microplate reader. 
5-FU concentration vs. tumor cells viability were visualized 
using GraphPad Prism 9.0 (GraphPad Software, USA) and 
the half-inhibitory concentration (IC50) was calculated.

Western blot analysis

Total proteins from tumor cells were extracted and diluted 
with RIPA buffer to ensure equal protein concentrations 
across all samples. The proteins were then separated by 
vertical electrophoresis using a 10% SDS-PAGE (Epizyme, 
China), followed by transfer onto PVDF membranes (Milli-
pore, USA). The membranes were blocked with QuickBlock 
(Servicebio, China) for 10 min, and subsequently incubated 
overnight at 4 °C with specific primary antibodies. The fol-
lowing day, the membranes were incubated with HRP-con-
jugated secondary antibodies for 1 h at room temperature. 
Signal detection was performed using a chemiluminescent 

substrate (Beyotime), and images were captured via a Bio-
Rad imaging system.

Animals

To explore the in vivo effects of CRNDE, tumor xenografts 
were established in 6-week-old female BALB/c nude mice 
obtained from Vital River (China). Tumor cells were admin-
istered to mice via subcutaneous injection. On day 25, surgi-
cal excision of the xenograft tumors was performed, during 
which tumor weights and volumes were measured. All the 
animals were kept in a specific pathogen-free environment. 
No unexpected mortality occurred among the mice during 
the experiment. The protocols were pre-approved and con-
ducted under the policies of the Ethics Committee of Harbin 
Medical University Cancer Hospital.

Flow cytometry assay

Apoptosis was assessed via Annexin V-FITC Apoptosis 
Detection Kit (Beyotime). The cells were incubated with 
5 µl Annexin V and 10 µl PI at room temperature in the dark 
for 15 min. The fluorescence of Annexin V and PI was then 
analyzed by flow cytometry, allowing for the distinction 
between early apoptotic cells and late apoptotic or necrotic 
cells. The data were analyzed using FlowJo software, and 
apoptosis rates were compared before and after transfection 
to evaluate the impact of gene silencing and overexpression.

Immunofluorescence assay

Tumor cells were seeded into 12-well plates and incubated 
for 24 h. The cells were then treated with 5-FU for 48 h. 
Following treatment, the cells were fixed with 4% parafor-
maldehyde for 30 min and washed three times with PBS. 
Permeabilization was achieved by treating the cells with 
0.1% Triton X-100 for 15  min. After additional washes 
with PBS, the cells were blocked with 5% BSA at 37  °C 
for 2  h. Immunostaining was performed using a primary 
antibody against GSDMD, followed by incubation with a 
corresponding fluorescence-conjugated secondary antibody 
at 37 °C in the dark for 1 h. Nuclei were stained with DAPI. 
After washing, images were captured using a fluorescence 
microscope. The fluorescence intensity was analyzed and 
compared with that of control groups to assess pyroptosis 
in tumor cells.

RNA pull-down assay

The RNA pull-down assay was employed to investigate the 
direct interaction between CRNDE RNA and RIPK3 pro-
tein. Cells were then lysed and the lysates were subjected 
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by agarose gel electrophoresis. Samples were then divided 
into IP, IgG, and input groups, with antibodies added for 
incubation at 4  °C for 12–16 h. Immunoprecipitation was 
performed using Protein A/G magnetic beads. Following 
elution, decrosslinking, and precipitation, enriched DNA 
was obtained, and the enrichment efficiency was validated 
by qRT-PCR.

Luciferase reporter assay

To assess the impact of TFAP2A on CRNDE promoter activ-
ity, a luciferase reporter assay was conducted. Cells were 
cultured to 60–70% confluence, and transfection mixtures 
were prepared. Wild- and mutant-type luciferase reporter 
plasmids were separately transfected into the cells, followed 
by incubation at 37 °C for 24 h. After incubation, cells were 
collected, washed with ice-cold PBS, and lysed according 
to the instructions of the luciferase assay kit to obtain cell 
lysates. The cell lysates were then added to a 96-well plate 
along with the luciferase substrate, and luciferase activity 
was immediately measured using a microplate reader.

Statistics

Statistical analysis was conducted using SPSS software 
(IBM SPSS, USA). For data conforming to the Gauss-
ian distribution, independent samples t-test or ANOVA 
was applied, whereas for non-normally distributed data, 
the Mann-Whitney U test or Kruskal-Wallis test was used. 
Graphical representations were generated using GraphPad 
Prism 9.0 (USA) to visually portray data distribution and 
research outcomes. Results are presented as mean ± standard 
deviation, and p-value less than 0.05 were considered statis-
tically significant.

Results

CRNDE is abnormally overexpressed in CC

In order to find out the lncRNAs that may regulate the devel-
opment of CC, we downloaded the RNA-seq data from 
TCGA and GEO databases (TCGA-COAD, GSE84983, 
GSE110715, GSE117830, GSE146009, and GSE180440), 
analyzed the expression differences with the help of R 
language and intersected the differential genes (|log2fold-
change|=1.5, p < 0.05). Finally, we selected CRNDE, which 
was the most significantly expressed gene in CC patients, 
as the research object (Fig. 1A-C). Subsequently, qRT-PCR 
quantitative analysis of common colon cell lines revealed 
that CRNDE expression was significantly upregulated in 
tumor cells, consistent with the results of bioinformatics 

to ultracentrifugation to remove cell debris. Biotin-labeled 
CRNDE RNA probes were incubated with the cell lysates, 
allowing the formation of RNA-protein complexes. Mag-
netic beads were then added to capture the RNA-protein 
complexes, followed by magnetic separation and extensive 
washing to eliminate non-specific binding. The complexes 
were eluted using SDS-PAGE, and the interaction between 
CRNDE and RIPK3 was confirmed and quantified via West-
ern blot analysis using RIPK3-specific antibodies. The anti-
sense RNA probe was used as the negative control to ensure 
the specificity of the interaction.

Fluorescence in situ hybridization assay

To determine the subcellular localization of CRNDE and 
RIPK3, FISH was performed. CC cells were first fixed with 
4% paraformaldehyde for 15 min and permeabilized with 
0.5% Triton X-100 for 10  min. Then, cells were respec-
tively hybridized with the probes for CRNDE, followed by 
counterstaining with DAPI, according to the manufacturer’s 
protocols (Ribobio, China). Moreover, the cellular localiza-
tion of RIPK3 in tumor cells was detected by IF. A confocal 
laser scanning microscope (Zeiss, Germany) was utilized to 
observe the relative positions of probes in tumor cells.

Co-immunoprecipitation assay

Tumor cells were meticulously washed with ice-cold PBS 
and lysed with Non-Denaturing Lysis Buffer (Abbkine, 
China). The resulting lysates were subjected to centrifu-
gation for debris removal. Immunoprecipitation was sub-
sequently conducted by incubating the pre-cleared lysates 
with Protein A/G Magnetic Beads (Abbkine) coated with 
RIPK3 primary antibody, and the incubation was carried 
out overnight at 4 °C. After the binding process, the bead-
protein complexes were subjected to thorough washing to 
eliminate any unbound proteins and contaminants, utilizing 
Wash Buffer (Abbkine). Elution of the immunoprecipitated 
protein complexes was achieved by adding SDS-PAGE 
Loading Buffer (Seven). Subsequent Western blot analysis 
was employed to discern the interacting partners of RIPK3.

Chromatin immunoprecipitation assay

The tumor cells were resuspended in PBS containing 1% 
formaldehyde and cross-linked at 37  °C for 10  min, fol-
lowed by washing with PBS containing 1 mM PMSF and 
quenching with 1.375 M glycine and centrifugation to col-
lect the cells. For nuclear preparation, cells were lysed using 
Lysis Buffer (BersinBio, China), and chromatin was sheared 
by sonication to fragments of 200–800  bp. The superna-
tant was collected, and DNA fragment size was assessed 
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the overexpression of CRNDE significantly increased the 
cell proliferation ability (Fig. 2A-B). The results of Tran-
swell assay showed that silencing CRNDE significantly 
repressed the migration and invasion of RKO cells, while 
the CRNDE overexpression promoted the migration and 
invasion of LoVo cells (Fig. 2C-D). Since epithelial-mes-
enchymal transition (EMT) is the critical step in tumor cell 
migration and invasion, we further explored the potential 
role of CRNDE in regulating EMT in tumor cells. Western 
blot analysis showed that the expression of E-cadherin was 
significantly up-regulated, while the expression of N-cad-
herin and Vimentin was downregulated after inhibition of 
CRNDE expression. Conversely, CRNDE overexpression 
promoted N-cadherin and Vimentin expression in LoVo 
cells, thereby facilitating EMT progression in tumor cells 
(Fig. 3A, Fig. S1A). Given that 5-FU is the cornerstone of 
chemotherapy for CC, we measured the IC50 of 5-FU in 

analysis. The RKO cell with the most significant CRNDE 
expression and the LoVo cell with relatively lower expres-
sion were selected for further research. (Fig. 1D).

CRNDE modulates CC progression both in vitro and 
in vivo

First, we manually regulated the expression of CRNDE in 
RKO and LoVo cells to explore the biological functions of 
CRNDE in CC. As shown in Fig. 1E, transfection of specific 
shRNA significantly inhibited the expression of CRNDE in 
RKO cells, whereas the transfection of the CRNDE plas-
mid markedly upregulated CRNDE expression in LoVo 
cells. The results of clone formation and EdU assays indi-
cated that the number of cell colonies and the proportion 
of EdU-positive cells were significantly reduced after the 
exogenous downregulation of CRNDE in RKO cells, while 

Fig. 1  Expression analysis and validation of CC-related lncRNAs. (A-
C) Differentially expressed genes in CC (TCGA-COAD, GSE84983, 
GSE110715, GSE117830, GSE146009, GSE180440) were analyzed 
using R language (|log2 fold change| = 1.5, p < 0.05) and intersected. 

(D) Expression levels of CRNDE in common CC and normal cell 
lines. (E) Validation of plasmid transfection efficiency via qRT-PCR. 
*p < 0.05, **p < 0.01, ***p < 0.001
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Fig. 2  Effects of CRNDE on tumor cell proliferation and invasion. (A-B) Assessment of tumor cell proliferation using colony formation and EdU 
assays. (C-D) Evaluation of migration and invasion capabilities of RKO and LoVo cells through Transwell assays. *p < 0.05, **p < 0.01
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5-FU, whereas the overexpression of CRNDE decreased the 
sensitivity of LoVo cells to 5-FU (Fig. 3B-C). To investi-
gate the effects of CRNDE in vivo, xenograft tumor models 
were established. CRNDE knockdown significantly reduced 

RKO and LoVo cells, and selected the appropriate concen-
tration of 5-FU to explore the regulatory effect of CRNDE 
on the drug sensitivity of these cells. Subsequent CCK-8 
and flow cytometry assays results showed that transfection 
of specific shRNA enhanced the sensitivity of RKO cells to 

Fig. 3  CRNDE modulates CC malignancy behaviors in vitro and in 
vivo. (A) Western blot analysis highlighting changes in the expres-
sion of epithelial-mesenchymal transition (EMT) markers. (B) CCK-8 
assay assessing the sensitivity of RKO and LoVo cells to 5-FU. (C) 

Flow cytometry assay evaluating apoptosis changes in 5-FU treated 
tumor cells. (D) Measurement of weight and volume of subcutaneous 
tumors following CRNDE regulation. *p < 0.05
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(pyroptosis-related signaling pathway) was inhibited in 
high-expression group (Fig. 4A). Recent studies have shown 
that pyroptosis plays important roles in the initiation, devel-
opment, and treatment of tumors (Fang et al. 2023; Feng 
et al. 2023; Peng et al. 2022; Tan et al. 2022; Zhang et al. 
2022). Based on the aforementioned bioinformatics analysis 
results, we hypothesized that CRNDE might promote can-
cer by inhibiting the pyroptosis process in tumor cells. On 
the basis of this hypothesis, we conducted an in-depth study 
on the genes enriched by the NOD-like pathway and finally 
selected RIPK3 as the focus of subsequent research basis 

tumor volume and weight, while CRNDE overexpression 
promoted xenograft growth (Fig. 3D).

CRNDE promotes 5-FU resistance by inhibiting 
pyroptosis via RIPK3 downregulation

To further elucidate the mechanism by which CRNDE 
regulates CC, we stratified the patients into high- and 
low-expression groups according to the median FPKM 
level of CRNDE. The results of subsequent GSEA analy-
sis revealed that the function of the NOD-like pathway 

Fig. 4  RIPK3 is the down-
stream target gene of CRNDE. 
(A) GSEA analysis identifies 
dysregulated pathways in CC. 
(B) Selection of differentially 
expressed genes within the iden-
tified pathways. (C) Expression 
profile of RIPK3 across various 
cancer types. (D-E) Impact of 
RIPK3 expression levels on the 
survival of CC patients
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group increased significantly, while the attenuation degree 
in the sh-CRNDE group was significantly lower compare 
to sh-NC group (Fig. 6C, Fig. S1G). In addition, treatment 
with MG132 or Lactacystin (the proteasome inhibitor) 
inhibited the attenuation of RIPK3 protein, while treatment 
with the lysosomal inhibitor Chloroquine or negative con-
trol DMSO showed no significant change (Fig.  6D, Fig. 
S2A), suggesting that RIPK3 protein is degraded through 
the proteasome pathway. Further Co-IP experiments con-
firmed that CRNDE promoted the ubiquitination of RIPK3 
(Fig. 6E). Subsequently, in vitro ubiquitination experiments 
were performed to explore the types of ubiquitin linkages 
on RIPK3, and ubiquitin (Ub) vectors with the single lysine 
mutations were co-transfected with RIPK3. Western blot 
results showed that there were multiple forms of ubiqui-
tin linkages in RIPK3 (Fig. 6F). Interestingly, overexpres-
sion of CRNDE selectively promoted ubiquitination of 
the Ub-K63 type, but had having no effect on other forms 
(Fig. 6G, S2B-G).

TFAP2A functions as the upstream regulator of 
CRNDE

Finally, we delved into the upstream regulatory mecha-
nism of CRNDE. By utilizing the UCSC ​(​​​h​t​t​p​:​/​/​g​e​n​o​m​e​-​a​
s​i​a​.​u​c​s​c​.​e​d​u​/​​​​​) database, we found that TFAP2A may be the 
potential promoter of CRNDE (score = 431, p < 10− 4). The 
JASPAR database (http://JASPAR.genereg.net/) shows the 
presence of a TFAP2A binding site (relative score > 0.98) 
in the upstream region of CRNDE (Fig. 7A). In addition, 
bioinformatics analysis results showed that TFAP2A was 
abnormally upregulated in various malignant tumors and 
served as oncogene (Fig.  7B). In addition, we observed 
that TFAP2A was abnormally overexpressed in tumor cells 
(Fig. S2H). Luciferase reporter assays also confirmed that 
TFAP2A was able to activate the expression of wild-type 
luciferase plasmids, but not mutants (Fig. 7C-D). The results 
of the ChIP assay further support the relationship between 
TFAP2A and the upstream regulation of CRNDE (Fig. 7E). 
Alphafold3 model also indicated that TFAP2A bond to the 
CRNDE promoter region (Fig. 7F). The above experimental 
results show that TFAP2A functions as an upstream regu-
lator of CRNDE, which induces high-level expression of 
CRNDE by binding to its promoter region.

Discussion

The incidence of CC is increasing annually and trending 
younger (Qu et al. 2022; Wong et al. 2023). Despite recent 
advances in targeted therapies and immunotherapies, sur-
gery, chemotherapy, and radiotherapy remain the standard 

on prior knowledge and the results of differential analysis 
and survival analysis (Fig. 4B-E). We subsequently carried 
out in vitro experiments to verify the prediction results, and 
the Western blotting results showed that RIPK3 was down-
regulated in tumor cells (Fig. S1B). In addition, silencing 
CRNDE upregulated the expression level of RIPK3, while 
transfection of CRNDE overexpression plasmid inhibited 
RIPK3 expression (Fig. S1C), suggesting that there was a 
regulatory relationship between CRNDE and RIPK3. More-
over, we observed that some tumor cells exhibited charac-
teristic pyroptotic features in response to 5-FU treatment, 
such as cell swelling and cytoplasmic ballooning (Fig. 5A). 
Previous studies have established that RIPK3 mediates 
pyroptosis by activating the NLRP3 inflammasome (Law-
lor et al. 2015). Interestingly, our findings revealed that the 
knockdown or overexpression of RIPK3 could partially 
restore the drug sensitivity of tumor cells that was altered 
by the knockdown or overexpression of CRNDE (Fig. 5A). 
Therefore, we further explored the effect of the CRNDE/
RIPK3 axis on the pyroptosis in RKO and LoVo cells. Com-
bined with the results of flow cytometry, immunofluores-
cence, Western blot and corresponding rescue assays, we 
confirmed that CRNDE promotes 5-FU resistance by sup-
pressing pyroptosis via the modulation of RIPK3 expression 
(Fig. 5B-D).

CRNDE promotes ubiquitin-mediated RIPK3 
degradation via K63-linked ubiquitination

Next, we conducted an in-depth study on the intrinsic 
mechanism of CRNDE regulates RIPK3 expression. Ini-
tially, we considered the classical competing endogenous 
RNA (ceRNA) mechanism, however, the RNA-seq results 
showed that there was no significant correlation between 
RIPK3 and CRNDE expression at the RNA level (Fig. 
S1D-F). Through literature search, we learned that (1) 
some lncRNAs can directly bind to and regulate protein 
expression and that (2) RIPK3 degradation relies on ubiq-
uitination modifications (Cai et al. 2022; Onizawa et al. 
2015; Wang et al. 2023). Therefore, we hypothesized that 
CRNDE may regulate its expression by directly binding 
to RIPK3 and promoting its ubiquitinated degradation. To 
test this hypothesis, we designed the corresponding experi-
ments. The results of FISH assay showed that CRNDE and 
RIPK3 co-localized in the cytoplasm of colon cancer cells 
(Fig. 6A). The results of RNA-pull down assay confirmed 
that RIPK3 could be precipitated by CRNDE RNA, or anti-
sense CRNDE RNA (Fig.  6B), suggesting that CRNDE 
RNA could directly bind to RIPK3. Western blot analysis 
showed that RIPK3 expression decreased over time after 
treatment with Cycloheximide (CHX, a protein synthesis 
inhibitor), and the decay rate of RIPK3 in the oe-CRNDE 
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Fig. 5  CRNDE influences the pyroptosis process in tumor cells by 
regulating RIPK3 expression. (A) Morphological changes in tumor 
cells after 5-FU treatment observed under a light microscope. (B) Flow 
cytometry analysis of RIPK3 expression’s effect on 5-FU-induced 

pyroptosis in tumor cells. (C) Immunofluorescence showing the influ-
ence of RIPK3 levels on pyroptosis in cells treated with 5-FU. (D) 
Western blot demonstrating changes in pyroptosis marker proteins 
across different treatment groups
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treatments for CC. Therefore, exploration of the internal 
mechanism of the occurrence and development of CC is 
urgently needed to provide new ideas and directions for its 
clinical treatment.

Long non-coding RNAs have long been considered “cold 
spots” in genomic transcripts. With the deepening of genom-
ics research, lncRNAs have gradually been recognized as 
important regulators of biological processes, participating 
in the regulation of gene expression at different levels such 

Fig. 7  TFAP2A is the upstream transcription factor of CRNDE. 
(A) Schematic illustration of the interaction between TFAP2A and 
CRNDE. (B) Expression profile of TFAP2A across various can-
cer types. (C) qRT-PCR validation of TFAP2A regulatory effect on 

CRNDE. (D) Luciferase reporter assay confirming the interaction 
between TFAP2A and CRNDE. (E) ChIP assay verifying the binding 
relationship between TFAP2A and CRNDE. (F) AlphaFold3 model 
predicting the interaction between TFAP2A and CRNDE. ***p < 0.001

 

Fig. 6  CRNDE targets RIPK3 to promote its ubiquitin-mediated deg-
radation. (A) Localization of CRNDE and RIPK3 in RKO and LoVo 
cells as visualized by FISH assay. (B) RNA-pulldown assay demon-
strating the interaction between CRNDE and RIPK3. (C) Western blot 
analysis showing the effect of CRNDE expression levels on the deg-
radation rate of RIPK3. (D) Impact of proteasome inhibitors (MG132 
and Lactacystin) and autophagolysosome inhibitor (Chloroquine) on 
RIPK3 expression levels. (E) Effect of CRNDE expression on the 
ubiquitination levels of RIPK3. (F) Co-IP assays investigating the 
ubiquitination forms of RIPK3. (G) Co-IP assays examining the effect 
of CRNDE on K63-linked ubiquitination of RIPK3

1 3

   36   Page 12 of 15



Functional & Integrative Genomics           (2025) 25:36 

was regulated by CRNDE. The results of Co-IP experiments 
revealed that CRNDE selectively promoted the ubiquitina-
tion of the Ub-K63 type. These results confirm our hypoth-
esis and clarify the mechanism by which CRNDE regulates 
the expression of RIPK3 by directly binding to RIPK3 and 
promoting its ubiquitination degradation. Finally, we look 
at the upstream regulatory mechanisms of CRNDE. The lit-
erature survey results showed that TFAP2A was abnormally 
expressed in many malignant tumors and played pivotal 
roles in cancer progression. Western blot results showed that 
TFAP2A was abnormally high in CC cells, and its expres-
sion level was closely related to CRNDE. In addition, the 
results of ChIP and luciferase reporter experiments and 
model predictions also confirmed that TFAP2A passed the 
junction with the E1 site of CRNDE.

In this study, we primarily employed in vitro cell models 
and animal experimental models to investigate the effects 
of CRNDE on tumor behavior. However, the use of these 
models has certain limitations. For instance, in vitro assays 
cannot fully replicate the complex tumor microenvironment 
in vivo, and animal models differ from human tumors in 
terms of genetic background and immune system character-
istics. These discrepancies may influence the interpretation 
of CRNDE’s actual mechanisms in tumor behavior. Future 
studies should consider utilizing more clinically relevant 
models, such as patient-derived organoids or humanized 
animal models, to further validate the functions of CRNDE. 
Additionally, to clarify the potential of CRNDE as a ther-
apeutic target, we plan to design more specific hypoth-
eses and experiments. For example, future research could 
explore the molecular mechanisms by which CRNDE regu-
lates downstream signaling pathways, leverage nanocarrier 
drug delivery systems, and assess the relationship between 
CRNDE expression levels and patient prognosis to evaluate 
its clinical therapeutic value.

At present, there has been some progress in research on 
lncRNAs as biomarkers, therapeutic targets, and novel epi-
genetic intervention tools (Sun et al. 2018; Vergara et al. 
2012; Yu et al. 2015; Zhong et al. 2019), but the depth and 
breadth still need to be improved. In particular, in terms of 
elucidating the mechanism of action of lncRNA, existing 
studies have not yet fully revealed their specific functions 
and regulatory networks. Technical challenges further limit 
the clinical application prospects of lncRNAs. However, in 
the face of these challenges, we will never stop at its lau-
rels. With the continuous innovation of technology and the 
deepening of scientific research, we have reason to believe 
that the targeted therapy technology based on lncRNA will 
gradually mature, and its clinical application is just around 
the corner.

as chromatin remodeling, transcription and post-transcrip-
tion, and influencing key cellular processes such as prolifer-
ation, differentiation, apoptosis, migration and metabolism 
(Elimam et al. 2024). In this context, research on lncRNAs 
offers new breakthroughs and directions for understanding 
CC. Recent studies have identified that CRNDE functions 
as an oncogene in multiple malignancies, and regulates bio-
logical behaviors such as tumor autophagy and drug resis-
tance through the ceRNA mechanism, making it a bright 
star in cancer research.

First, we analyzed the RNA-seq data of CC patients 
by R language, and selected CRNDE, which was abnor-
mally high in CC tumor tissues, as the research object of 
this study. In addition, we performed RT-qPCR analysis of 
CC cell lines to verify the accuracy of the bio-informatics 
analysis results, confirming that CRNDE was abnormally 
high in CC. Next, we conducted clone formation, Transwell, 
EdU, CCK-8, flow cytometry, Western blot experiments and 
established xenograft models to explore the biological func-
tion of CRNDE in CC, and the results showed that CRNDE 
promoted the development of CC in vitro and in vivo. To fur-
ther elucidate the mechanism of CRNDE in regulating CC, 
we grouped RNA-seq data according to the average expres-
sion of CRNDE, and performed GSEA enrichment analysis, 
and the results showed that NOD-like pathway function was 
inhibited in the high-expression CRNDE group. Through 
reviewing a large number of literatures, we learned that 
RIPK3, as the star protein of the NOD-like pathway, can 
inhibit the development of tumors by promoting the pyrop-
tosis in tumor cells. The results of the TimeR2.0 ​(​​​h​t​t​p​:​/​/​t​i​
m​e​r​.​c​i​s​t​r​o​m​e​.​o​r​g​/​​​​​) and GEPIA ​(​​​h​t​t​p​:​/​/​g​e​p​i​a​.​c​a​n​c​e​r​-​p​k​u​.​c​n​/​​​​​
) website showed that RIPK3 was expressed at low level in 
CC tumor tissues and was closely related to the prognosis of 
CC patients. In addition, in vitro experiments showed that 
the expression level of RIPK3 protein was closely related 
to the expression of CRNDE, and rescue experiments con-
firmed that CRNDE exerted a pro-cancer effect by regulat-
ing the expression of RIPK3. Further mechanistic studies 
showed that there was no significant correlation between 
the expression level of RIPK3 mRNA and the expression of 
CRNDE. Combined with the literature, we boldly hypoth-
esized that CRNDE regulated the expression of RIPK3 by 
directly binding to it and inhibiting its ubiquitination deg-
radation. The fluorescence colocalization results confirmed 
that CRNDE and RIPK3 co-localized in the cytoplasm 
of tumor cells, laying the foundation for the interaction 
between the two. RNA pull-down experiments confirmed 
that CRNDE could directly bind to RIPK3. In addition, 
Western blot assay results confirmed that RIPK3 was 
degraded by the ubiquitination pathway in tumor cells and 
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Conclusion

In summary, we reported for the first time that CRNDE pro-
motes the development of CC as oncogene, and elucidated 
the TFAP2A/CRNDE/RIPK3 axis, which opened up a new 
situation in the research of colon cancer.
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