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Abstract: Ovarian cancer (OC) remains one of the most lethal gynecologic malignancies, largely due to its poorly 
understood pathogenesis, which limits the development of effective early detection and targeted therapy. This study 
was designed to explore the potential role of the long non-coding RNA CDIPTOSP in OC progression. We observed 
high expression of CDIPTOSP in OC tissues and cell lines. Knockdown of CDIPTOSP impeded the proliferation and 
migration of OC cells. Using the RNA pull-down-Liquid Chromatography-Tandem Mass Spectrometry (LC-MS/MS) ap-
proach, we found that CDIPTOSP bound staufen double-stranded RNA binding protein 1 (STAU1). In turn, CDIPTOSP-
STAU1 interactions were essential for KLF transcription factor 17 (KLF17) mRNA destabilization. Notably, depletion 
of KLF17 could rescue the tumor-suppressive effects caused by CDIPTOSP knockdown, whereas overexpression of 
KLF17 abolished the tumor-promoting effects induced by overexpressing CDIPTOSP. In conclusion, our study pro-
vided the first evidence of the CDIPTOSP/STAU1/KLF17 axis in the regulation of OC progression.
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Introduction

Ovarian cancer (OC) refers to epithelial cancer 
that occurs in the ovary or fallopian tubes, as 
well as histologically similar primary peritoneal 
cancer [1-3]. According to estimates, approxi-
mately 5% to 10% of women will be diagnosed 
with ovarian tumors at some stage in their lives 
[4]. Its incidence is 313,959 cases per year, 
with 207,252 deaths annually [5]. Epithelial 
ovarian cancer is the most common type of OC. 
Due to its insidious onset and poorly under-
stood molecular mechanisms, early detection 
rates remain low, and the 5-year survival rate is 
only 45.6%. If the underlying mechanisms of 
OC initiation and progression could be elucidat-
ed, it would provide a critical foundation for 
improving early intervention, therapeutic strat-
egies, and patient outcome [6-8]. Therefore, 

identifying the key molecular drivers of OC 
pathogenesis remains a significant challenge.

Using high-resolution microarrays and large-
scale parallel sequencing technologies, it has 
been estimated that only 1.5% of the human 
genome encodes protein-coding genes, while 
over 98% of the human genome is transcribed 
into RNA transcripts without apparent protein-
coding potential [9-12]. The long non-coding 
RNAs (lncRNAs) are defined as non-protein-cod-
ing transcripts longer than 200 nucleotides 
[13]. lncRNAs exert regulatory roles by interact-
ing with proteins [14], DNA [15], or RNA [16, 17], 
participating in gene transcription, cell cycle 
regulation, and by epigenetic chromatin modifi-
cations [18, 19]. Recent studies have indicated 
that lncRNAs function as oncogenes or tumor 
suppressors and play crucial roles in tumori-
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genesis and metastasis. For instance, the long 
non-coding RNA NRSN2-AS1 not only stimu-
lates proliferation and migration of OC cells by 
the PTK2/β-catenin pathway [20] but may also 
facilitate OC progression through the miR-744-
5p/PRKX axis [21]. Another illustration is pro-
vided by the lncRNA GLCC1, which directly 
interacts with the HSP90 chaperone to stabi-
lize the ubiquitination of the c-Myc transcription 
factor. This interaction specifies the transcrip-
tional modification pattern of c-Myc target 
genes, thereby reshaping glycolytic metabolism 
to fuel colorectal cancer (CRC) proliferation 
[22]. Furthermore, LINC01554 is a novel tumor 
suppressor gene in hepatocellular carcinoma 
(HCC), facilitating ubiquitin-mediated degrada-
tion of PKM2, inhibiting the AKT/mTOR signal-
ing pathway, abolishing aerobic glycolysis in 
HCC cells, and thus suppressing the progres-
sion of HCC [23]. In addition, the tissue-specific 
expression patterns of lncRNAs distinguish 
them from miRNAs and protein-coding mRNAs 
[10]. Due to their tissue specificity and wide-
spread expression, they serve as precise bio-
markers for cancer diagnosis, offering promis-
ing avenues for clinical applications [24-26].

CDIPTOSP, also known as CDIPT-AS1 or lnc-
CTHCC, is a cancer-testis-associated long non-
coding RNA (CT-lncRNA) located at chromo-
some region 16p11.2. Limited studies have 
indicated that CDIPTOSP is highly expressed in 
HCC, and it interacts with heterogeneous nucle-
ar ribonucleoprotein K (hnRNP K) and promotes 
HCC progression by activating transcriptional 
coactivator YAP1, suggesting its potential as a 
prognostic marker and therapeutic target for 
HCC patients [27]. Nevertheless, the regulatory 
mechanisms of CDIPTOSP in other tumors still 
unknown.

In this study, we observed a significant upregu-
lation of CDIPTOSP in human OC tissues com-
pared to normal tissues. Silencing of CDIPTOSP 
in OC cells led to a marked inhibition of prolif-
eration and migration. Using RNA pull-down 
coupled with liquid chromatography-tandem 
mass spectrometry (RNA pull-down-LC-MS/
MS), we identified staufen double-stranded 
RNA binding protein 1 (STAU1) as the interactor 
with CDIPTOSP. Knockdown of STAU1 pheno-
copied the effects of CDIPTOSP loss. Add- 
itionally, RNA-Seq analysis revealed KLF tran-
scription factor 17 (KLF17) as a common target 

of CDIPTOSP and STAU1. Importantly, CDIPTOSP 
bound to the 3’untranslated region (3’UTR)  
of KLF17 mRNA so that CDIPTOSP facilitated 
the degradation of KLF17 mRNA via STAU1-
mediated mRNA decay (SMD). These findings 
provide novel mechanistic insight into the 
CDIPTOSP/STAU1/KLF17 signaling pathway, 
highlighting mechanistic biomarkers and thera-
peutic targets for OC intervention.

Materials and methods

Bioinformatic analysis

Clinical and gene expression information was 
obtained from The Cancer Genome Atlas 
(TCGA), Genotype-Tissue Expression (GTEx) 
project, and the Gene Expression Omnibus 
(GEO) database (GSE74448 and GSE119056). 
Survival analysis was performed using Kaplan-
Meier (KM) survival curves, which allowed us  
to evaluate the survival probabilities of OC 
patients over time. Additionally, Receiver Op- 
erating Characteristic (ROC) curves were em- 
ployed for diagnostic analysis.

Sample collection

OC and paracancerous tissues were derived 
from 18 adult patients who underwent surgery 
from March 2021 to January 2023 at the 
Suzhou Municipal Hospital. All patients received 
written informed consent and participant infor-
mation was fully protected. The study was 
approved by the Research Ethics Committee  
of Suzhou Municipal Hospital, and written 
informed consent was obtained from all partici-
pants in accordance with the guidelines of the 
Declaration of Helsinki.

RNA extraction and RT-qPCR assay

Total RNA was extracted from tissue samples 
ground into powder and cells were transfected 
for 48 hours using TRIzol reagent (Vazyme, 
Nanjing, China). Subsequently, reverse tran-
scription was performed using the HiScript III 
RT SuperMix for qPCR kit (Vazyme) in accor-
dance with the manufacturer’s instructions. 
Gene expression levels were quantified using 
the Taq Pro Universal SYBR qPCR Master Mix 
(Vazyme), along with a qRT-PCR system (Applied 
Biosystems, Foster City, CA, USA). Finally, the 
relative expression of genes was analyzed 
using the 2-ΔΔCT method and normalized to 
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18sRNA. The primers used were as outlined 
below: 18sRNA-F: 5’-AAACGGCTACCACATCCAAG- 
3’, 18sRNA-R: 5’-CCTCCAATGGATCCTCGTTA-3’; 
CDIPTOSP-F: 5’-CCAAACGCGCATTCTTCACC-3’, 
CDIPTOSP-R: 5’-GAGCATCTCCCTTGAAGCCT-3’; 
STAU1-F: 5’-AATTGCTCCTCTCAGCCACC-3’, STAU1- 
R: 5’-CACCTCCCACACACAGACAT-3’; KLF17-F: 5’- 
GCTGCTGGTCCTTAGGTGAA-3’, KLF17-R: 5’-AG- 
CCTTGTTGCGCTCAGTAT-3’.

Cell culture, si-RNA, plasmid, reagents, and 
transfection

OC cell lines (SKOV3, A2780, OVCAR3, HO8910 
and CaoV3) and a normal ovarian epithelial cell 
line (IOSE80) were obtained from the Cell Bank 
of Chinese Academy of Sciences (Shanghai, 
China), and cultured in a humidified incubator 
at 37°C with 5% CO2. RPMI-1640 medium 
(Gibco, USA) supplemented with 1% penicillin/
streptomycin (PS) (NCM Biotech, China) and 
10% fetal bovine serum (FSP500, ExCell Bio, 
China) was used to culture IOSE80, SKOV3, 
A2780, HO8910 and CaoV3 cells. OVCAR3 cells 
were cultured in RPMI-1640 medium contain-
ing 20% fetal bovine serum. SiRNAs (Gene 
Pharma, Shanghai, China) targeting CDIPTOSP, 
STAU1, and a negative control (si-NC) were 
transfected into SKOV3 and A2780 cells using 
Lipofectamine 2000 (Invitrogen, USA), as previ-
ously described [28, 29]. The siRNA target 
sequences were as follows: si-CDIPTOSP-1#: 
5’-GCACUGCUUGCUGCCACUU-3’; si-CDIPTOSP- 
2#: 5’-CCUUCAAAGUGUUCUGGAU-3’; si-STAU1- 
1#: 5’-CCAUUUCCAGUUCCACCUU-3’; si-STAU1- 
2#: 5’-GCCUGCAGUUGAACGAGUA-3’; si-NC: 5’- 
UUCUCCGAACGUGUCACGU-3’.

All DNA plasmids used in this study were con-
structed and purchased from Genepharma. 
X-treme GENE HP DNA Transfection Reagent 
(Roche, Switzerland) was used for transfecting 
the plasmids into the cells according to the 
manufacturer’s instructions. Cells were har-
vested 48 hours after transfection.

Cell proliferation assay

For the Cell Counting Kit 8 (CCK-8) assays, 
transfection with siRNAs or plasmids after 48 
h, equal amounts of SKOV3 and A2780 cells 
were inoculated into 96-well plates (2000 
cells/well). Next, we treated the cells with 
CCK-8 reagent (Beyotime, Shanghai, China) at 
0, 24, 48, 72, and 96 hours. Subsequently, cell 

viability was assessed by measuring the optical 
density at 450 nm using a microplate reader as 
previously described [30, 31].

In the colony formation assay, cells were trans-
fected for 48 hours and seeded in 6-well plates 
with equal amounts. After two weeks, the cells 
were fixed using methanol and stained with a 
0.1% crystal violet solution.

Transwell assay

For the transwell assays, 48 hours post-trans-
fection, 3.5 × 104 cells were seeded into the 
upper chamber of 24-well transwell (pore size  
8 μm) and 300 μL of serum-free medium. 
Concurrently, 700 μL of complete medium was 
introduced into the lower chamber. After 36 
hours of incubation, cells that had migrated 
from the upper chamber to the lower chamber 
were fixed in methanol, stained with crystal  
violet, and subsequently imaged and counted 
in three randomly selected fields under a 
microscope.

RNA pull-down assay

CDIPTOSP was transcribed in vitro using T7 
RNA polymerase (Ambio Life, Shanghai, China). 
Next, the transcript was purified using the 
RNeasy Plus Mini kit (Qiagen) and treated with 
RNase-free DNase I (Qiagen). Following purifi-
cation, the CDIPTOSP transcript was labeled 
with biotin using the Biotin RNA-Labeling Mix 
(Ambio Life). RNA pull-down experiments were 
subsequently performed using the Pierce 
Magnetic RNA-Protein Pull-Down Kit (Thermo 
Scientific). Finally, the interacting proteins with 
CDIPTOSP were determined through LC-MS/
MS analysis, as previously described [32-34]. 
In brief, proteins in the clarified supernatant 
were fractionated using SDS-PAGE. Gel slices 
were excised and cut into small cubes (~1 mm3) 
to allow for in-gel digestion with trypsin. After 
digestion, the recovered peptides were desalt-
ed on StageTips (Thermo Scientific) and subse-
quently analyzed by an LTQ Orbitrap Velos mass 
spectrometer (Thermo Scientific). For protein 
identification, MS/MS spectra were searched 
against the UniProt database, with a false dis-
covery rate (FDR) threshold of 1% applied to 
both peptide and protein identifications. Protein 
abundances were determined using the label-
free quantification (LFQ) algorithm integrated 
into MaxQuant.



CDIPTOSP promotes ovarian cancer progression

4192	 Am J Transl Res 2026;18(5):4189-4203

RNA immunoprecipitation (RIP) assay

We used the Magna RIPTM RNA-Binding Protein 
Immunoprecipitation Kit (Millipore, USA) for the 
RIP assay following the manufacturer’s instruc-
tions. OC cells were lysed in RIP lysis buffer, 
and 100 μL of the extracted proteins were  
incubated overnight at 4°C with anti-STAU1 
(Proteintech) or IgG (Abcam) antibodies. Sub- 
sequently, the protein-RNA complexes were 
captured by the magnetic beads and the pro-
teins were then eliminated using 0.5 mg/mL 
proteinase K. Ultimately, the purified RNAs 
were analyzed by RT-qPCR to determine the 
combination between STAU1 protein and 
CDIPTOSP.

RNA-Seq

RNA-Seq on SKOV3 cells was performed by 
LC-Bio Technology (Hangzhou, China), involving 
library preparation with poly-A enrichment, 
cDNA synthesis, and sequencing on an No- 
vaseq™ 6000 platform. Quality control was 
performed with FastQC, and reads were pro-
cessed with Trimmomatic before alignment  
to the human reference genome using STAR  
aligner. Transcript quantification was achieved 
with featureCounts, and differential expression 
analysis was carried out using DESeq2. Di- 
fferentially expressed transcripts (DETs) were 
defined with fold change >2 and false discovery 
rate (FDR) <0.05.

RNA stability assay

OC cells transfected with siRNA or plasmid vec-
tors were treated with 1 μg/mL actinomycin D 
(an inhibitor for gene transcription) for 0-9 
hours. and collected at 3-hour intervals. The 
total cellular RNA was extracted and qRT-PCR 
was conducted to detect the relative mRNA 
levels.

Luciferase reporter assay

SKOV3 and A2780 cells were cultured in 
12-well plates. When the fusion rate of cells 
reached 60-70%, they were co-transfected  
with pcDNA3.1-COIPTOSP or its negative con-
trol vector (pcDNA3.1-empty vector, EV), and 
pGL6-KLF17-WT or pGL6-KLF17-MUT lucifer-
ase reporter plasmids (Beyotime). After 48 
hours of transfection, the cells were harvested, 
lysed, and the luciferase activity was measured 
using the Dual-Luciferase Reporter Gene Assay 

System (Beyotime). The results were normal-
ized based on the Renilla luciferase lumines-
cence intensity. 

Statistical analysis

GraphPad Prism 8.0 software was used for sta-
tistical analysis. Unpaired Student’s t-tests (for 
two groups) or one-way analysis of variance 
(ANOVA) (for multiple groups) were used for 
comparisons. Data are presented as mean ± 
standard deviation (SD). P<0.05 was consid-
ered significant.

Results

COIPTOSP expression is significantly upregu-
lated in human OC tissues and cells

To investigate the association between CDIP- 
TOSP and the occurrence and development  
of OC, we analyzed the expression level of 
CDIPTOSP using normal tissue and ovarian  
cancer samples from TCGA, GTEx, and GEO 
(GSE74448 and GSE119056) databases. We 
observed a significant increase in the expres-
sion of CDIPTOSP in tumor tissues compared to 
normal tissues (Figure 1A-C). Further analysis 
based on TCGA revealed that high levels of 
CDIPTOSP were associated with a poorer over-
all survival (OS) (Figure 1D). To validate these 
findings, we performed qRT-PCR on OC and 
adjacent non-cancerous tissues and our results 
confirmed that CDIPTOSP was indeed highly 
expressed in OC tissues (Figure 1E). Fur- 
thermore, the expression levels of CDIPTOSP in 
OC cell lines (SKOV3, A2780, HO8910, CaoV3) 
were also higher than in normal ovarian epithe-
lial cells (IOSE80) (Figure 1F). In conclusion, 
the above findings suggested that CDIPTOSP 
may play a crucial role in regulating the progres-
sion of OC.

CDIPTOSP is required for OC cell proliferation 
and migration

To assess the role of CDIPTOSP in the advance-
ment of OC in vitro, we conducted functional 
experiments on SKOV3 and A2780 cells that 
expressed high levels of CDIPTOSP (Figure 1F). 
Initially, we transfected SKOV3 and A2780 cells 
with two independent siRNAs (si-CDIPTOSP-1# 
and si-CDIPTOSP-2#) which both significantly 
decreased CDIPTOSP expression levels, as 
measured by qRT-PCR (Figure 2A, 2B). CCK-8 
and colony formation experiments showed that 
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Figure 1. CDIPTOSP is overexpressed in both ovarian cancer (OC) tissues and cell lines. (A-C) Relative expression 
of CDIPTOSP in OC and normal tissues based on TCGA+GTEx (A), GSE74448 (B), and GSE119056 (C) datasets. 
(D) Kaplan-Meier curves for overall survival (OS) in OC patients. (E) Relative expression of CDIPTOSP in 18 paired 
OC samples. (F) Relative expression of CDIPTOSP in normal human ovarian epithelium cell (IOSE80) and OC cells 
(SKOV3, OVCAR3, A2780, HO8910 and CaoV3) (n=3). **P<0.01, ***P<0.001, NS, not significant. Student’s t test 
(A-C, E); one-way ANOVA with Dunnett’s post hoc test (F).

Figure 2. Silencing CDIPTOSP inhibits the proliferation and migration of ovarian cancer (OC) cells. (A, B) qRT-PCR 
analysis of CDIPTOSP expression in OC cells (SKOV3 and A2780) transfected with negative control siRNA (si-NC) 
or siRNAs targeting CDIPTOSP (si-CDIPTOSP-1# or si-CDIPTOSP-2#). n=3 per group. (C, D) The viability of OC cells 
transfected with si-CDIPTOSP or si-NC was assessed by Cell Counting Kit 8 (CCK-8) assay. n=6 per group. (E) Colony 
formation ability in OC cells transfected with si-CDIPTOSP or si-NC. n=3 per group. (F) Quantification of (E). (G) 
Transwell assays of OC cell migration transfected with si-CDIPTOSP or si-NC. n=3 per group. Scale bar: 100 μm. (H) 
Quantification of (G). *P<0.05, **P<0.01, ***P<0.001. One-way ANOVA with Dunnett’s post hoc test.
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Figure 3. CDIPTOSP interacts with staufen double-stranded RNA binding protein 1 (STAU1), and STAU1 functions as 
an oncogene in OC cells. (A) Flow chart of the RNA pull-down-Liquid Chromatography-Tandem Mass Spectrometry 
(LC-MS/MS) assay. (B) Venn diagram showing the overlapping proteins identified by mass spectrometry in three 
independent RNA pull-down assays. (C) The levels of CDIPTOSP were quantified by RT-qPCR in STAU1-RIP assays 
performed on ovarian cancer (OC) cells (SKOV3 and A2780 cells). n=3 per group. (D) Relative expression of STAU1 
in OC and normal tissues based on TCGA+GTEx datasets. (E) Kaplan-Meier curves for overall survival (OS) in OC 
patients. (F) STAU1 expression level in OC cells transfected with negative control siRNA (si-NC) or siRNAs targeting 
STAU1 (si-STAU1-1# or si-STAU1-2#). n=3 per group. (G, H) Cell viability was evaluated using Cell Counting Kit 8 
(CCK-8) assays in OC cells transfected with si-NC or si-STAU1. n=6 per group. *P<0.05, **P<0.01, ***P<0.001. 
Student’s t test (D); one-way ANOVA with Dunnett’s post hoc test (C, F-H).

knockdown of CDIPTOSP inhibited proliferation 
of OC cells in vitro (Figure 2C-F). Transwell 
assays showed that the depletion of CDIPTOSP 
reduced the migration ability of OC cells (Figure 
2G, 2H).

CDIPTOSP interacts with STAU1, and STAU1 
functions as an oncogene in OC

To further investigate the potential molecular 
mechanisms of CDIPTOSP in OC, we conducted 

RNA pull-down-LC-MS/MS analysis, unveiling 
potential protein candidates involved in the 
interaction with CDIPTOSP (Figure 3A). Venn 
diagram analysis of three independent experi-
ments showed only one overlapping protein, 
STAU1 (Figure 3B). RIP-qPCR analysis con-
firmed the interaction between CDIPTOSP and 
STAU1 in OC cells (Figure 3C). Through TCGA 
and GTEx databases, we observed a significant 
increase in the expression of STAU1 in OC tis-
sues compared to normal tissues (Figure 3D). 
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In addition, high levels of STAU1 were associat-
ed with a poorer overall survival (OS) (Figure 
3E). Furthermore, two independent siRNAs (si-
STAU1-1# or si-STAU1-2#) were transfected into 
OC cells to down-regulate CDIPTOSP expres-
sion (Figure 3F). CCK-8 assays demonstrated 
that downregulation of STAU1 reduced cell pro-
liferation (Figure 3G, 3H).

RNA-Seq reveals KLF17 as a downstream 
target of CDIPTOSP/STAU1

SMD is a STAU1-mediated mRNA degradation 
process, which STAU1 binds to the STAU1 bind-
ing site (SBS) as a complementary double-
stranded RNA formed by base pairing of the  
Alu element between lncRNAs and the target 
mRNA 3’UTR, and then recruits RNA helicase 
and ATPase UPF1 to the target mRNA 3’UTR  
for mRNA degradation [35, 36]. To identify  
the downstream mRNA targeted by CDIPTOSP/
STAU1 for degradation, we performed RNA-Seq 
analysis on SKOV3 cells transfected with si- 
NC, si-CDIPTOSP, and si-STAU1. Compared with 
si-NC group, we identified 773 upregulated 
transcripts and 706 downregulated transcripts 
in CDIPTOSP-knockdown group (Figure 4A, 4B), 
and 939 upregulated transcripts and 780 
downregulated transcripts in STAU1-knockdown 
group (Figure 4C, 4D). Interestingly, there were 
150 upregulated transcripts in the intersection 
of these two gene sets (Figure 4E). Among 
them, KLF transcription factor 17 (KLF17) has 
been identified as a tumor suppressor associ-
ated with many kinds of cancer, including colon 
cancer [37], gastric cancer [38], oral squamous 
cell carcinoma [39], lung adenocarcinoma [40], 
papillary thyroid carcinoma [41], hepatocell- 
ular carcinoma [42], and breast cancer [43]. 
Additionally, we predicted that CDIPTOSP and 
KLF17 3’UTR possess the ability to mutually 
bind, with their complementary sequences 
including Alu elements that can be targeted  
by STAU1 (Figure 4F, 4G). Hence, we selected 
KLF17 for further study. In line with the RNA-
Seq data, qPCR analysis confirmed a significant 
increase of KLF17 expression in si-CDIPTOSP 
and si-STAU1 OC cells compared to the si-NC 
group (Figure 4H, 4I). Subsequently, we clo- 
ned both full-length and mutant (lacking Alu  
element) KLF17 3’UTR sequences into the 
pGL6 luciferase reporter vector. The luciferase 
reporter assay revealed that overexpression  
of CDIPTOSP significantly reduced luciferase 

activity in pGL6-KLF17 3’UTR-WT group com-
pared to the control group, but had no obvious 
effect on the luciferase activity in pGL6-KLF17 
3’UTR-MUT group (Figure 4J, 4K). Furthermore, 
knockdown of CDIPTOSP and STAU1 signifi- 
cantly increased the stability of KLF17 mRNA 
(Figure 4L, 4M). Taken together, we speculate 
that CDIPTOSP may bind to KLF17 3’UTR and 
promote KLF17 mRNA decay together with 
STAU1.

CDIPTOSP is required for STAU1-mediated 
KLF17 mRNA decay

Knockdown of CDIPTOSP significantly weak-
ened the STAU1-KLF17 3’UTR interactions 
(Figure 5A, 5B). RNA stability assay revealed 
that silencing CDIPTOSP markedly stabilized 
KLF17 mRNA which could not be reversed by 
overexpressing STAU1 (Figure 5C, 5D). The 
above results indicated that CDIPTOSP is 
required for STAU1-mediated KLF17 mRNA 
decay by recruiting STAU1 to KLF17 3’UTR.

Moreover, we also observed that overexpres-
sion of CDIPTOSP significantly reduced KLF17 
mRNA expression (Figure 5E, 5F) and stability 
(Figure 5G, 5H) in OC cells, which could  
be reversed by STAU1 knockdown (Figure 
5E-H), indicating that CDIPTOSP regulates the 
stability of KLF17 mRNA in a STAU1-dependent 
manner.

KLF17 is involved in the oncogenic role of 
CDIPTOSP in OC

To investigate a potential association between 
KLF17 and CDIPTOSP in promoting OC pro- 
gression, we carried out rescue experiments 
and found that simultaneous knockdown of 
CDIPTOSP and KLF17 significantly abolished 
the tumor-suppressive effects caused by 
CDIPTOSP knockdown alone (Figure 6A, 6B). 
Similarly, overexpression of CDIPTOSP signifi-
cantly increased the proliferation abilities of OC 
cells, which were subsequently reversed with 
simultaneous overexpression of CDIPTOSP and 
KLF17 (Figure 6C, 6D). These findings demon-
strated that CDIPTOSP promotes the prolifera-
tion of OC cells by targeting KLF17. In addition, 
receiver operating characteristic (ROC) curve 
analyses further suggested a potential prog-
nostic value of the integrated CDIPTOSP/
STAU1/KLF17 gene signature in OC (Figure 7).
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Figure 4. KLF17 is a major downstream target of CDIPTOSP and STAU1. (A, B) Circular heatmap (A) and volcano plot 
(B) showing the differentially expressed transcripts between the si-CDIPTOSP- and si-NC-transfected SKOV3 cells 
based on RNA-Seq. (C, D) Circular heatmap (C) and volcano plot (D) showing the differentially expressed transcripts 
between the si-STAU1- and si-NC-transfected SKOV3 cells based on RNA-Seq. For A to D, n=3 per group. (E) Venn 
diagram showing 150 overlapping transcripts that were up-regulated in the si-CDIPTOSP- and si-STAU1-treated cells. 
(F, G) Schematic diagram showing the predicted CDIPTOSP- KLF transcription factor 17 (KLF17) 3’UTR interactions 
based on base pairing. The binding sites contained Alu elements which can be recognized by STAU1. (H, I) qRT-PCR 
analysis of KLF17 expression in SKOV3 (H) and A2780 (I) cells transfected with si-NC, si-CDIPTOSP, or si-STAU1. 
n=3 per group. (J, K) Luciferase activity assays in SKOV3 (J) and A2780 (K) cells co-transfected with the indicated 
vectors. n=6 per group. (L, M) RNA stability assay showing the degradation rate of KLF17 mRNA in SKOV3 (L) and 
A2780 (M) cells transfected with si-CDIPTOSP and si-STAU1, and treated with actinomycin D for the indicated time-
points. n=3 per group. **P<0.01, ***P<0.001. One-way ANOVA with Dunnett’s post hoc test.
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Figure 5. CDIPTOSP is required for STAU1-mediated KLF17 mRNA decay. (A, B) The levels of KLF17 transcripts were 
quantified by RT-qPCR in STAU1-RIP products performed on ovarian cancer (OC) cells transfected with si-NC and 
si-CDIPTOSP. n=3 per group. (C, D) RNA stability assay showing the degradation rate of KLF17 mRNA in SKOV3 (C) 
and A2780 (D) cells transfected with the indicated vectors and siRNAs, and treated with cycloheximide D for the 
indicated timepoints. n=3 per group. (E, F) qRT-PCR analysis of KLF17 expression in OC cells transfected with the 
indicated vectors and siRNAs. n=3 per group. (G, H) qRT-PCR analysis of the KLF17 expression following treating 
OC cells as indicated. si-NC combined with pcDNA3.1-empty vector (EV) was used as the control. n=3 per group. 
*P<0.05, **P<0.01, ***P<0.001. Student’s t test (A, B); one-way ANOVA with Dunnett’s post hoc test (C-H).

Discussion

Recent studies have shown that lncRNAs act as 
oncogenes or tumor suppressors in the occur-
rence and development of OC. For instance, 
lncRNA HOST2 is highly specifically expressed 

in epithelial OC. Inhibiting the expression of 
HOST2 significantly reduces the migration, 
invasion, and proliferation abilities of the OC 
cells [44]. Interestingly, lncRNA MEG3 expres-
sion was absent in more than 70% of OC tis-
sues [45]. Overexpression of MEG3 can inhibit 
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Figure 6. KLF17 is involved in CDIPTOSP-mediated tumor-promoting effects in ovarian cancer (OC) cells. A, B. CCK-8 
assays of OC cells transfected with si-NC, si-CDIPTOSP, or si-CDIPTOSP+si-KLF17. n=6 per group. C, D. Cell Count-
ing Kit 8 (CCK-8) assays of OC cells transfected with EV, pcDNA3.1-CDIPTOSP, or pcDNA3.1-CDIPTOSP+pcDNA3.1-
KLF17. n=6 per group. *P<0.05, **P<0.01, ***P<0.001. One-way ANOVA with Dunnett’s post hoc test. 

Figure 7. ROC curve analysis of CDIPTOSP, STAU1, 
KLF17, and integrated gene signature as potential 
diagnostic markers in ovarian cancer (OC).

the proliferation of OC cells and promote their 
apoptosis [46, 47]. In our study, we found that 
CDIPTOSP expression was significantly higher 
in OC tissues compared to normal tissues. 
Additionally, we determined the interaction 
between STAU1 and CDIPTOSP. CDIPTOSP 
binds to the 3’UTR of KLF17 mRNA and pro-
motes the degradation of KLF17 mRNA through 
SMD, thereby facilitating the onset and pro-
gression of OC.

The double-stranded RNA-binding protein 
(dsRBP) Staufen, originally identified in Dro- 
sophila as a regulator of mRNA localization, has 
human homologs named Staufen1 (STAU1) and 
Staufen2 (STAU2) [48]. STAU1, a multifunction-
al dsRBP, is implicated in various cellular pro-

cesses and cancer progression [49, 50]. It 
mediates mRNA localization [51], stability [52, 
53], translation [54-56], and alternative splic-
ing [57]. STAU1-mediated mRNA degradation 
(SMD) occurs through STAU1 binding to its site 
(SBS) within the 3’ untranslated region (3’UTR) 
of target mRNA, recruiting the ATP-dependent 
RNA helicase UPF1 to promote mRNA degrada-
tion [35, 36]. Studies indicate that STAU1 
exerts its SMD function with the involvement of 
lincRNA. For instance, the long non-coding RNA 
brain-derived neurotrophic factor antisense 
(BDNF-AS) induces the decay of retina and 
anterior neural fold homeobox 2 (RAX2) mRNA 
through SMD, impacting the malignant behav-
ior of glioblastoma cells [58]. Similarly, lncRNA 
TINCR modulates the stability and expression 
of KLF2 mRNA by binding to STAU1, thereby 
influencing the transcription and expression of 
cyclin-dependent kinase genes CDKN1A/P21 
and CDKN2B/P15, thus influencing the prolif-
eration and apoptosis of gastric cancer cells 
[59]. Additionally, lncRNA HOXA11-AS interacts 
with STAU1, leading to the degradation of KLF2 
mRNA, and promoting in vivo metastasis of 
gastric cancer [60]. However, there have been 
limited studies on lncRNA-dependent SMD  
in OC. Interestingly, our study revealed that 
CDIPTOSP interacts with STAU1 to enhance  
the proliferation of OC cells by SMD-mediated 
degradation of KLF17.

STAU1 binding sites include paired Alu ele-
ments and non-Alu sequences [55] within the 
mRNA 3’UTR. Alu elements, prevalent repeti-
tive sequences in the human genome, serve  
as cis-regulatory elements influencing various 
aspects of protein-coding gene expression, 
including transcription initiation [61], alterna-
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Figure 8. CDIPTOSP/STAU1/KLF17 axis model in OC progression. CDIPTOSP 
interacts with STAU1 and degrades KLF17 through STAU1-mediated SMD, 
thereby promoting ovarian cancer progression.

tive splicing [62], and translation initiation [63]. 
Studies have shown that lncRNA_AF087999 
forms partially complementary double-strand-
ed structures with Alu elements in the 3’UTR  
of plasminogen activator inhibitor type 1 
(SERPINE1), and silencing STAU1 increases 
SERPINE1 mRNA levels [35]. In this study, we 
confirmed the interaction between CDIPTOSP 
and KLF17 3’UTR, and the paired sequence 
includes Alu elements. Luciferase activity 
assays demonstrated that mutating the Alu  
elements prevents CDIPTOSP from affecting 
the corresponding luciferase activity. Therefore, 
this implied that the SMD process mediated  
by CDIPTOSP/STAU1 was dependent on Alu 
elements.

Kruppel-like factor (KLF) is a subset of mam-
malian Sp/KLF zinc finger proteins [64, 65]. 
They play crucial roles in transcription by bind-
ing to specific DNA sequences, including G/C 
and CACCC boxes through highly conserved 
DNA binding domains (DBDs) or C-terminal 
regions [66, 67]. KLF is associated with tumor 
cell proliferation, invasion, and metastasis  
[68-70]. Among this family, KLF17 emerges as  
a tumor-suppressive transcription factor capa-
ble of impeding metastasis and Epithelial-
Mesenchymal Transition (EMT) [71]. Studies 
indicate that KLF17 enhances TGF-β/Smad sig-
naling through a Smad3-dependent pathway to 
inhibit human hepatocellular carcinoma growth 
and metastasis [72]. Overexpression of KLF17 
can inhibit the growth of lung adenocarcinoma 
cells [73]. Up-regulating the expression of 
KLF17 may suppress epithelial-mesenchymal 
transition (EMT) through the TGF-β/Smad sig-
naling pathway, leading to decreased invasion 
and migration of gastric cancer cells [38]. In 

our study, we discovered that 
knocking down KLF17 can 
counteract the growth inhibi-
tion of OC cells induced by 
CDIPTOSP knockdown. Con- 
versely, overexpressing KLF17 
mitigated the pro-cancer ef- 
fects associated with CD- 
IPTOSP overexpression. These 
findings suggested that KLF17 
may also have functioned as  
a tumor suppressor in OC. 
However, this study does not 
provide a detailed explanation 
of how KLF17 inhibits the 

development and progression of OC, and fur-
ther research is required.

Nevertheless, several limitations of this study 
should be acknowledged. First, although our in 
vitro experiments consistently support the 
oncogenic role of the CDIPTOSP/STAU1/KLF17 
axis in ovarian cancer, the current findings lack 
in vivo validation using animal models. Such 
experiments, including subcutaneous or intra-
peritoneal tumorigenesis models with CDIP- 
TOSP knockdown or overexpression, would pro-
vide more robust evidence for its functional sig-
nificance in tumor growth and metastasis. 
Future studies incorporating in vivo approaches 
are warranted to strengthen the translational 
potential of our findings and to evaluate the 
therapeutic efficacy of targeting this axis in pre-
clinical settings. Second, in the present study, 
the functional validation is primarily based on 
CCK-8 proliferation assays, and that future 
studies incorporating colony formation and 
apoptosis assays will be essential to confirm 
the long-term proliferative effects and to deter-
mine whether apoptosis contributes to the 
observed phenotypes.

Overall, our study described a novel mecha-
nism of the CDIPTOSP/STAU1/KLF17 axis in  
OC progression (Figure 8). CDIPTOSP interacts 
with STAU1 and mediates the degradation of 
KLF17 mRNA by SMD, thereby enhancing the 
proliferation abilities of OC cells.
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