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Abstract: Objective: To elucidate the oncogenic role and molecular pathways associated with long non-coding RNA 
ZBTB46-AS1 (lncRNA ZBTB46-AS1) in ovarian cancer (OC) progression. Methods: Bioinformatics analyses of the 
Gene Expression Omnibus (GEO) and The Cancer Genome Atlas (TCGA) databases were used to assess ZBTB46-AS1 
expression and prognostic value. Quantitative real-time polymerase chain reaction (qRT-PCR) verified its expression 
in 22 pairs of OC and adjacent normal tissues, as well as OC cell lines. In vitro functional assays [Cell Counting Kit-8 
(CCK8), colony formation, Transwell] and in vivo models [xenograft, lung metastasis] were performed to evaluate 
the effects of ZBTB46-AS1 knockdown. RNA pull-down, RNA immunoprecipitation (RIP), dual-luciferase reporter, 
and co-immunoprecipitation (Co-IP) assays clarified its interaction with TATA-box-binding protein-associated factor 
6 (TAF6) and tumor suppressor protein p53. Results: ZBTB46-AS1 was significantly upregulated in OC tissues and 
cell lines, correlating with poor overall survival (OS) of patients. Stable knockdown of ZBTB46-AS1 inhibited the 
proliferation, colony formation, and epithelial-mesenchymal transition (EMT) of OC cells in vitro, as well as tumor 
growth and distant metastasis in vivo. Mechanistically, ZBTB46-AS1 directly interacted with TAF6, which attenuated 
the binding between TAF6 and p53, suppressed p53 transcriptional activity, and consequently downregulated the 
expression of p21. Notably, co-silencing of ZBTB46-AS1 and p53 effectively reversed the inhibitory effects induced 
by ZBTB46-AS1 knockdown on OC cell malignant phenotypes. Conclusion: ZBTB46-AS1 promotes OC progression 
via the TAF6-p53 axis, serving as a potential prognostic marker and therapeutic target.
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Introduction

Ovarian cancer (OC) ranks as one of the most 
frequently occurring and fatal gynecological 
cancers. In 2023, the United States recorded 
19,710 new ovarian cancer cases and 13,270 
deaths as reported by the American Cancer 
Society annual statistical analysis. OC is the 
fifth most common cause of cancer-related 
death in women, followed by lung, breast, 
colorectal, and pancreatic cancers, accounting 
for 5% of all cancer-related mortalities [1]. 
Patients with advanced-stage OC have limited 
treatment options, resulting in a poor prognosis 

and high mortality rates [2]. The unique gen- 
tic and phenotypic traits of ovarian carcinoma 
contribute to tumor promotion and develop-
ment of chemoresistance and disease recur-
rence. Furthermore, the ability of OC to undergo 
epithelial-mesenchymal transition (EMT), which 
is strongly linked to tumor growth and metasta-
sis, presents a significant barrier for effective 
treatment. Therefore, the discovery of novel 
therapeutic targets has become increasingly 
important.

Contemporary genomic analyses employing 
high-density oligonucleotide arrays and mas-
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sively parallel sequencing platforms have un- 
equivocally demonstrated that protein-coding 
regions span merely 1.2-2.3% of the human 
genome, while the non-coding majority gener-
ates a complex repertoire of functionally active 
transcripts [3, 4]. A burgeoning body of studies 
indicate that ncRNAs play crucial regulatory 
roles in complex growth and developmental 
processes [5, 6]. In particular, long non-coding 
RNAs (lncRNAs), which range in length from 
200 to 100,000 nucleotides, constitute a sig-
nificant proportion of all non-coding RNAs 
(ncRNAs). They interact with proteins, DNA, and 
other RNA molecules through diverse mecha-
nisms to modulate gene expression across vari-
ous levels, including epigenetic, transcriptional, 
and post-transcriptional regulation [7, 8].

Advancements in biomedicine have facilitated 
the identification and functional characteriza-
tion of lncRNAs. Recent investigations have 
demonstrated that the dysregulation of various 
lncRNAs is a common feature in human di- 
seases, with a significant impact on the initia-
tion and development of tumors. Aberrantly 
expressed lncRNAs can alter cellular biological 
processes and act as significant mediators of 
tumor malignancy [9]. In this study, through a 
literature review and in-depth analysis of OC 
databases, we identified ZBTB46-AS1 as a 
newly discovered lncRNA that plays a signifi-
cant role in the initiation and development of 
OC. The upregulation of ZBTB46-AS1 was sig-
nificantly correlated with poor prognosis in 
patients with OC, as validated in the clinical 
samples collected in our study.

ZBTB46, alternatively designated BTBD4, zDC, 
or BZEL, is a member of the POZ and BTB 
(ZBTB) protein family [10]. Prior research has 
demonstrated that ZBTB46 acts as a transcrip-
tion factor that is specifically expressed in clas-
sical dendritic cells (cDCs), with selective ex- 
pression in pre-DCs and cDCs, and is instru-
mental in maintaining these cells in a quies-
cent state [11]. Recent research has proposed 
that ZBTB46 is a shared transcription factor 
between cDCs and group 3 innate lymphoid 
cells (ILC3s), and has been identified to have an 
intrinsic cellular function in inhibiting the pro-
inflammatory characteristics of ILC3s that play 
a role in the coordination of intestinal health 
[12]. ZBTB46-AS1, an antisense long non-cod-
ing RNA situated on the antisense strand of the 

ZBTB46 gene, may regulate the expression lev-
els of ZBTB46 and thereby affect cellular bio-
logical functions. To date, there have been no 
studies on ZBTB46-AS1 and its specific mecha-
nism of action in OC remains unclear. In this 
study, we conducted a comprehensive analysis 
of the expression and prognostic implications 
of ZBTB46-AS1 in OC, with the aim of identify-
ing novel targets and biomarkers that could 
enhance the diagnosis, treatment, and progno-
sis of this disease.

Materials and methods

Bioinformatics analysis

The gene chip datasets GSE18520 and 
GSE74448 were obtained from the Gene 
Expression Omnibus (GEO) database. The 
GSE18520 dataset contains transcriptome 
microarray data from 10 normal ovarian epithe-
lial tissues and 53 ovarian cancer samples. 
Transcriptome microarray data from 11 nor- 
mal ovarian epithelial tissue samples and 29 
ovarian cancer samples were included in the 
GSE74448 dataset. The TCGA database was 
utilized to construct Kaplan-Meier survival 
curves, thereby examining the association be- 
tween ZBTB46-AS1 expression and the progno-
sis of patients with OC.

Patient samples collection

Samples from patients with primary OC who 
underwent surgical treatment were collected 
between October 2020 and December 2022 at 
the Department of Obstetrics and Gynecology 
of Suzhou Municipal Hospital, affiliated with 
Nanjing Medical University. Normal tissue sam-
ples were obtained from the paired adjacent 
tissues. None of the patients received radio-
therapy or chemotherapy before undergoing 
surgical intervention. Appropriate tissue sam-
ples were excised during surgery and immedi-
ately placed in prepared cryovials, which were 
then temporarily stored in liquid nitrogen tanks 
before being transferred to a -80°C freezer for 
extended safekeeping. For this study, 22 ovari-
an cancer tissue specimens were collected 
together with their corresponding clinical data. 
Before sample collection, informed consent 
was obtained from all participants, and the 
research protocol was approved by the Ethics 
Committee of Suzhou Municipal Hospital, affili-
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ated with Nanjing Medical University (approval 
number: K-2025-002-K02).

Cell line and cell culture

This study employed the following human  
OC cell lines: SKOV3, A2780, OVCAR3, and 
H08910. The normal control cell line was 
IOSE80, which is an ovarian epithelial cell line. 
The cell lines were obtained from Zhong- 
qiaoxinzhou Biotech (Shanghai, China). IOSE80 
cells were cultured in DMEM, while SKOV3 and 
A2780 cells were maintained in RPMI-1640 
medium (Invitrogen, Carlsbad, CA, USA) supp- 
lemented with 10% fetal bovine serum (FBS). 
Cells were incubated at 37°C in a humidified 
environment containing 5% CO2 and 95% air.

Cell transfection

Small interfering RNA (siRNA) sequences, sh-
lncRNA ZBTB46-AS1, overexpression control 
plasmids(vector), and TAF6 overexpression 
plasmids were synthesized by GenePharma 
(Shanghai, China). Following a 48-hour trans-
fection period utilizing Lipofectamine 2000 
(Invitrogen, CA, USA), cells were collected for 
further experiments. RT-qPCR was conducted 
to analyze the cell transfection efficiency. The 
specific siRNA sequences used in this study are 
as follows: si-ZBTB46-AS1 1#, 5-GGGACUACA- 
GAAACAUGAA-3; si-ZBTB46-AS1 2#, 5’-GCUG- 
GGAGAACCGGGAAUA-3’; si-NC, 5’-UUCUCCGA- 
ACGUGUCACGU-3’.

qRT-PCR RNA extraction and qRT-PCR assays

Total RNA was isolated from cells using TRIzol 
reagent (Vazyme, Nanjing, China) in accordance 
with the manufacturer’s protocol. The extract-
ed RNA was converted into complementary 
DNA (cDNA) through the use of a reverse tran-
scription kit (Vazyme, Nanjing, China). cDNA 
templates were subjected to qPCR amplifica-
tion using SYBR qPCR SuperMix Plus (Novo- 
protein Scientific Inc., Shanghai, China) and an 
Applied Biosystems 7500 Fast Real-Time PCR 
system [13, 14]. The primers used in the ex- 
periments were as follows: ZBTB-AS1-F, TCAA- 
GCGGAACCGATACACT; ZBTB-AS1-R, TTATTCCC- 
GGTTCTCCCAGC; 18sRNA-F, AAACGGCTACCAC- 
ATCCAAG; 18sRNA-R, CCTCCAATGGATCCTCG- 
TTA; p21-F, GGCAGACCAGCATGACAGATTT; p21-
R, AGATGTAGAGCGGGCCTTTG.

Cell Counting Kit 8 (CCK8) assay

A2780 and SKOV3 cells in the logarithmic 
growth phase were selected. The cells were 
resuspended in the culture medium and their 
concentration was adjusted to 1.5×104 cells/
mL. The cells were dispensed into a 96-well  
cell culture plate, with each well filled with 200 
µL of cell suspension. Cell proliferation was 
assessed at five time points (0, 24, 48, 72, and 
96 h). The plates were gently mixed and incu-
bated at 37°C. The 96-well plate was removed 
at the indicated time points and 20 µL of CCK-8 
solution (Beyotime Biotechnology, Nantong, 
China) was added to each well. The plates were 
incubated for four hours at 37°C in the dark. 
Cell viability was assessed by measuring the 
optical density at 450 nm (OD450) using a 
microplate reader (Bio-Rad Model 680; Rich- 
mond, CA, USA) and plotting the growth curves. 
Each experiment was performed in triplicate.

Cell clonal formation experiment

The cells were placed in a six-well plate and cul-
tured for 14 days. During this period, the cul-
ture medium was renewed every three days 
and subsequently discarded. The cells were 
fixed with methanol for 30 min, stained with 
0.1% crystal violet (Beyotime Biotechnology)  
for 30 min, and subsequently dried. Visible col-
onies were then identified and counted. The 
experiment was repeated three times.

Cell migration assays

Transwell chambers (8 µm aperture; Millipore, 
Billerica, MA, USA) were placed in a 24-well 
plate. A2780 and SKOV3 cell suspensions in a 
logarithmic growth stage were inoculated into 
the upper chamber at a density of 1.5×105 
cells/mL, and 700 µL medium containing 10% 
Fetal Bovine Serum (FBS) was added into the 
lower chamber and placed in an incubator con-
taining 5% CO2. The cells were cultured at 37°C 
for 48 h. Once completed, a moist cotton swab 
was used to wipe off the cells on the upper 
chamber and the membrane surface. The cells 
that migrated to the underside of the mem-
brane were fixed with methanol for 15 min, 
stained with 0.1% crystal violet for 15 min, gen-
tly rinsed twice with PBS, and allowed to air dry 
at room temperature. Five fields were randomly 
selected for cell counting using a 100× invert-
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ed microscope. The experiment was repeated 
three times.

In vivo assays

Animals: In this study, female BALB/c nude 
mice, aged four weeks and weighing approxi-
mately 20±2 grams, were utilized. The mice 
were obtained from the Nanjing Medical 
University Animal Facility and were housed 
under conditions that met specific pathogen-
free criteria. The Animal Ethics Committee at 
Nanjing Medical University granted approval  
for the animal experiments. (approval number: 
2004020).

Xenograft tumor in nude mice: Sh-ZBTB46-AS1 
and an empty vector were stably transfected 
into the SKOV3 cells. Following transfection, 
the cells were collected and rinsed with PBS. 
The cells were resuspended in PBS at a con-
centration of 5×107 cells/ml. Subsequently, 
100 µL of cells from the experimental and con-
trol groups were injected into the subcutane-
ous skin of each mouse beneath the armpit. In 
vivo cell proliferation assays were performed by 
examining and recording tumor growth every 
three days. After two weeks, the mice were 
euthanized by inhalation of CO2 anesthesia fol-
lowing the American Veterinary Medical Asso- 
ciation (AVMA) protocols for animal euthanasia 
(2020 edition). The mice were quickly rendered 
unconscious before being euthanized by cervi-
cal dislocation. Tumors were excised, weighed, 
and photographed. The calculation of tumor 
volume was performed using the following for-
mula: Tumor volume (mm3) = 0.5 × length (mm) 
× width2 (mm2), and a growth curve was plotted 
to record the tumor volume over time.

Xenometastases in nude mice: For the in vivo 
cellular metastasis assay, 100 µL of SKOV3 
cells transfected with sh-ZBTB46-AS1 or sh-NC 
(suspended at a concentration of 6×107 cells/
mL) were injected into the tail veins of mice. 
Mice in both groups were euthanized eight 
weeks after inoculation. The lung tissue sam-
ples were extracted, weighed, and photo-
graphed. The size and number of lung meta-
static tumors were calculated, and lung meta-
static sections were stained with hematoxylin 
and eosin (H&E) for pathological examination.

Immunofluorescence

The paraffin sections were deparaffinized with 
xylene and rehydrated in a series of decreasing 

concentrations of ethanol. Antigen retrieval 
was performed by incubating the sections for 
20 minutes in sodium citrate buffer (pH 6.0). 
After washing with PBS, sections were incubat-
ed with primary antibodies overnight at 4°C. 
After another round of PBS washing, the sec-
tions were incubated with secondary antibod-
ies for 1 h at room temperature. DAPI (Beyo- 
time Biotechnology) staining was performed 
and the sections were incubated for 10 min at 
room temperature. Images were captured using 
a Zeiss LSM800 laser scanning microscope 
(Carl Zeiss, Oberkochen, Germany) [15]. The 
antibodies used were as follows: mouse mono-
clonal anti-Ki67 antibody (Abcam, ab238020, 
1:100), mouse monoclonal anti-E-cadherin 
antibody (Abcam, ab231303, 1:100), mouse 
monoclonal anti-N-cadherin antibody (Abcam, 
ab76057, 1:100), and mouse monoclonal anti-
Vimentin antibody (Abcam, ab20346, 1:100).

RNA pull-down assays

The Ribo RNAmax-T7 Biotin RNA Labeling Kit 
(RiboBio, Guangzhou, China) was used to per-
form the assay. T7 RNA polymerase (Ambion 
Life Technologies) was used to transcribe 
ZBTB46-AS1, which was purified using the 
RNeasy Plus Mini Kit (Qiagen) and treated with 
RNase-free DNase I (Qiagen). Next, the tran-
scribed ZBTB46-AS1 was biotin-labeled using 
Biotin RNA Labeling Mix (Ambion Life Tech- 
nologies), as directed by the manufacturer. The 
Pierce™ Magnetic RNA-Protein Pull-Down Kit 
(Thermo Fisher Scientific) was used to perform 
the RNA pull-down assay following the afore-
mentioned experimental protocols [16]. The 
proteins interacting with ZBTB46-AS1 were 
identified by liquid chromatography-tandem 
mass spectrometry (LC-MS/MS) as previously 
described [17-20]. 

RNA immunoprecipitation assays

The RIP (RNA Immunoprecipitation) assay was 
conducted using the EZ-Magna RIPTM RNA-
Binding Protein Immunoprecipitation Kit (Milli- 
pore, Billerica, MA, USA). Briefly, SKOV3 cells 
were cultured and lysed in a radioimmunopre-
cipitation (RIP) lysis buffer. A total of 100 µL of 
the cell lysate was incubated overnight at 4°C 
with magnetic beads conjugated to either anti-
human TAF6 antibody or normal mouse IgG 
(negative control). The protein-RNA complexes 
were captured, and proteins were digested with 
proteinase K. The magnetic beads were washed 
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multiple times with the RIP wash buffer to eli- 
minate nonspecific binding. Finally, purified 
RNA was subjected to RT-qPCR to assess TAF6 
binding.

Dual-luciferase reporter assay

To assess the regulatory effects of ZBTB46-
AS1 and TAF6 on p53 activity, we constructed  
a firefly luciferase reporter plasmid contain- 
ing p53 response elements (pp53-TA-luc) and 
Renilla luciferase control plasmid (Beyotime, 
Shanghai). We established various transfection 
groups and used Lipofectamine 2000 to co-
transfect these plasmids with siRNA targeting 
ZBTB46-AS1 and TAF6, or their respective over-
expression plasmids, into A2780 and SKOV3 
cells. After 48 h of incubation, luciferase activ-
ity was assessed using the Dual-Luciferase 
Reporter Assay Kit (Promega, Madison, WI, 
USA).

Immunoprecipitation

At this stage, the culture medium was removed 
and the cells were washed three times with 
PBS. The supernatant was discarded after the 
cells were digested and resuspended and IP 
lysis buffer (containing protease inhibitors) was 
added and incubated on ice for 30 min to facili-
tate cell lysis. The cell lysate was centrifuged at 
12,000 rpm for 10 min at 4°C to obtain the 
supernatant. Protein A/G beads (20 µL) were 
added to the cell lysate and incubated with 
gentle shaking for two hours at 4°C to remove 
nonspecific binding. A magnetic rack was used 
to collect the supernatant and 5 µg of the cor-
responding antibody was added and incubated 
overnight at 4°C with gentle shaking. The fol-
lowing day, 50 µL of protein A/G beads were 
added to the antigen-antibody mixture and 
incubated for three hours at 4°C with gentle 
shaking. After collecting the supernatant using 
a magnetic rack, the protein A/G beads were 
washed thrice with lysis buffer. Finally, 40 µL of 
1x loading buffer was added to the magnetic 
beads and boiled in a water bath for 10 min. 
The supernatant was discarded after cen- 
trifugation, and western blot analysis was 
performed.

Statistical analysis

GraphPad Prism 9.0 software (GraphPad Soft- 
ware, CA, USA) was used for data processing 
and statistical analysis. Numerical data are 

presented as mean ± standard deviation (SD). 
Chi-square analysis was used to assess cate-
gorical data. Concurrently, group differences 
were compared using the Wilcoxon rank-sum 
test, one-way analysis of variance (ANOVA), and 
two-tailed Student’s t-test. Pearson or Spear- 
man correlation coefficients were used to as- 
sess the correlations. The Kaplan-Meier tech-
nique was used to plot survival curves, and the 
log-rank test was used to analyze survival dif-
ferences. Statistical significance was set at P < 
0.05.

Results

The expression of ZBTB46-AS1 is upregulated 
in OC tissues and cell lines, indicating poor 
prognosis

First, we used the Gene Expression Omnibus 
(GEO) database to perform differential gene 
expression analysis on the ovarian cancer-
related expression datasets, GSE18520 and 
GSE74448. We identified a novel lncRNA linked 
to ovarian cancer, ZBTB46-AS1. Box plots dem-
onstrated that ZBTB46-AS1 has a significantly 
higher expression in ovarian cancer tissues 
than in normal ovarian tissues (Figure 1A and 
1B). Patients with high ZBTB46-AS1 expression 
had substantially lower overall survival and dis-
ease-related survival rates than those with low 
expression (log-rank P < 0.05), according to 
Kaplan-Meier survival curves based on The 
Cancer Genome Atlas (TCGA) database (Figure 
1C and 1D). In addition, we used qRT-PCR to 
analyze the expression of ZBTB46-AS1 in 22 
OC tumor tissues and matched neighboring 
non-tumor tissues. The findings revealed that 
ZBTB46-AS1 was upregulated in tumor speci-
mens compared to that in adjacent non-tumor 
tissues (Figure 1E). We further examined the 
expression of ZBTB46-AS1 in SKOV3, A2780, 
H08910, and OVCAR3 cell lines using RT-qPCR, 
which showed higher expression levels of 
ZBTB46-AS1 in ovarian cancer cell lines than in 
the IOSE80 cell line, with SKOV3 and A2780 
cells showing the highest expression levels 
(Figure 1F). The SKOV3 and A2780 cell lines 
were selected for further experiments.

ZBTB46-AS1 promotes the proliferation and 
migration of OC in vitro

To investigate the impact of ZBTB46-AS1 on OC 
cell proliferation and migration, we synthesized 
two ZBTB46-AS1 siRNAs (si-ZBTB46-AS1 1# 
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Figure 1. Analysis of ZBTB46-AS1 expression levels and its clinical implications in ovarian cancer (OC) tissues and 
cell lines. A, B. Relative expression of ZBTB46-AS1 based on GEO datasets. C, D. Kaplan-Meier curves of overall 
survival and disease-related survival in patients with OC based on TCGA data. E. Relative expression levels of 
ZBTB46-AS1 in OC tissues and paired adjacent non-cancerous tissues (n = 22). F. The expression of ZBTB46-AS1 
in OC cell lines (SKOV3, OVCAR3, A2780, and H08910) and normal ovarian epithelial cells (IOSE80) were detected 
using RT-qPCR (n = 3). Statistical data are presented as mean ± SD. Significant differences were determined using 
Student’s t-test. *P < 0.05, **P < 0.01 and ***P < 0.001.
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and si-ZBTB46-AS1 2#) and transfected them 
into SKOV3 and A2780 cell lines to suppress 
the expression of ZBTB46-AS1 in ovarian can-
cer cells. After 48 h of transfection, qRT-PCR 
was performed to measure the RNA expression 
levels of ZBTB46-AS1 in the two cell lines. We 
confirmed that si-ZBTB46-AS1 1# and si-
ZBTB46-AS1 2# cells demonstrated a signifi-
cant reduction in ZBTB46-AS1 expression com-
pared to the control group (Figure 2A), indicat-
ing a successful downregulation of ZBTB46-

AS1. Subsequently, the biological phenotypes 
of the cells were investigated. CCK-8 and Cell 
colony formation experiments revealed that 
ZBTB46-AS1 knockdown significantly inhibited 
the proliferation of SKOV3 and A2780 cells 
(Figure 2B-E). Similarly, the Transwell assay 
demonstrated that the migration ability of OC 
cells after ZBTB46-AS1 knockdown was signifi-
cantly reduced (Figure 2F and 2G). These find-
ings implied that ZBTB46-AS1 promotes OC 
cell proliferation and migration in vitro.

Figure 2. Effects of ZBTB46-AS1 knockdown on OC cell proliferation and migration in vitro. (A) ZBTB46-AS1 expres-
sion in SKOV3 and A2780 cells transfected with negative control siRNA (si-NC) or siRNAs targeting ZBTB46-AS1 
(si-ZBTB46-AS1 #1 and #2) for 48 h (n = 3 for each group). (B, C) SKOV3 and A2780 cells were transfected with si-
NC or si-ZBTB46-AS1, and cell viability was measured using CCK8 viability assay at specified time points (n = 3 per 
group). (D, E) Cell colony formation experiments were performed to determine the proliferative ability of si-ZBTB46-
AS1 transfected (n = 3 for each group). (F, G) Transwell assays were conducted to evaluate the migratory capacity of 
SKOV3 and A2780 cells following the knockdown of ZBTB46-AS1 (n = 3). Scale bar = 100 μm (F: 200×). *P < 0.05, 
**P < 0.01 and ***P < 0.001.
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ZBTB46-AS1 promotes OC growth and metas-
tasis in vivo

To explore the in vivo effects of ZBTB46-AS1  
on OC cells, we subcutaneously injected nude 
mice with stably transfected sh-ZBTB46-AS1 or 
control ovarian cancer cells to create a subcu-
taneous tumor model. These findings revealed 
that the downregulation of ZBTB46-AS1 sub-
stantially inhibited tumor development. The 
mice were euthanized after two weeks, and 
tumor tissues were collected. Compared to the 
control group, downregulation of ZBTB46-AS1 
expression significantly reduced tumor size and 
weight (Figure 3A-C). Furthermore, immunohis-
tochemistry (IHC) staining demonstrated a sig-
nificant reduction in Ki67 expression in tumors 
from the ZBTB46-AS1 knockdown group (Figure 
3D and 3E). RT-qPCR detection confirmed that 
ZBTB46-AS1 was effectively knocked down in 
the tumor tissues of the sh-ZBTB46-AS1 group 
(Figure 3F).

Distant metastasis is a critical malignant bio-
logical characteristic of OC and is a primary 
cause of patient mortality. Therefore, we estab-
lished an OC lung metastasis model, as shown 
in Figure 4A and 4B. The number of lung metas-
tases was significantly reduced in nude mice 
with ZBTB46-AS1 knockdown compared to that 
in the control group, implying that ZBTB46-AS1 
promotes OC lung metastasis in vivo. Similar 
results were obtained using HE staining (Figure 
4C).

EMT occurs when epithelial cells transform into 
mesenchymal cells and is implicated in the 
malignant progression of tumors [21]. During 
EMT, epithelial cells acquire mesenchymal pr- 
operties and exhibit enhanced cellular motility 
and migration. This is manifested by the loss of 
epithelial markers, such as E-cadherin, and the 
upregulation of mesenchymal markers, such as 
N-cadherin and vimentin [22]. Using immuno-
fluorescence staining, we observed that the 

Figure 3. Effects of ZBTB46-AS1 knockdown on OC cell viability in vivo. (A) SKOV3 cells stably expressing sh-ZBTB46-
AS1 or an empty vector (sh-NC) were injected into the underarms of nude mice, and tumor volumes were calculated 
every 3 days after injection (n = 6). (B, C) Tumors were removed from nude mice, photographed, and their weights 
were recorded. Scale bar = 1 cm (B: 5×). (D, E) Immunostaining for the Ki67 proliferation index in tumor sections 
(n = 3). Scale bar = 20 μm (D: 200×). (F) Relative ZBTB46-AS1 expression in tumors was detected by RT-qPCR. *P 
< 0.05, **P < 0.01 and ***P < 0.001.
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downregulation of ZBTB46-AS1 suppressed 
the expression of N-cadherin and vimentin, but 
increased the expression of E-cadherin (Fi- 
gure 4D and 4E). These findings suggest that 
ZBTB46-AS1 promotes ovarian cancer cell pro-
liferation and migration, and induces EMT.

ZBTB46-AS1 acts on the target protein TAF6

To further characterize the proteins that inter-
act with ZBTB46-AS1 in OC, we performed bio-
tin-labeled RNA pull-down assays on SKOV3 

cells to isolate the protein complexes asso- 
ciated with ZBTB46-AS1, followed by proteomic 
analysis of the pull-down products (Figure 5A). 
We identified two overlapping proteins, TAF6 
and DNAJC9, in three independent RNA pull-
down experiments using label-free quantitation 
(LFQ) analysis with a Venn diagram, as shown  
in the graph (Figure 5B). The transcription initi-
ation factor TFIID Subunit 6 (TAF6) exhibited 
the highest expression levels. Based on the lit-
erature review, TAF6 was selected as the main 
protein of interest for further investigation 

Figure 4. Effects of ZBTB46-AS1 knockdown on OC metastasis in vivo. (A) SKOV3 cells were transfected with sh-
ZBTB46-AS1 or an empty vector and injected into the tail vein of nude mice (n = 4). After 2 months, the lung tissues 
were removed and photographed. Scale bar = 1 cm (A: 5×). (B) Number of lung nodules were counted. (C) H&E stain-
ing of paraffin sections from mouse lung tissues. Scale bar = 100 μm (C: 100×). (D) Multiplex immunofluorescence 
staining of EMT in OC progression. Scale bar = 50 μm (D: 200×). (E) Quantification of (D). *P < 0.05, **P < 0.01 
and ***P < 0.001.
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Figure 5. ZBTB46-AS1 interacts with TAF6. A. Flow chart of RNA pull-down assays. B. Venn analysis of the RNA-pro-
tein interactome in ovarian cancer cells. C. Two overlapping proteins are shown. D. Validation of the TAF6 interaction 
in RNA-protein complexes. E, F. RNA immunoprecipitation (RIP) assay for the interaction between ZBTB46-AS1 and 
TAF6 in OC cell lysates (n = 3 for each group). G-L. TAF6 suppressed the proliferation and migration capacity of OC 
cells in vitro. Assessment of proliferative and migratory phenotypes in OC cell lines following TAF6 overexpression (n 
= 3. Scale bar = 100 μm. (K: 200×). *P < 0.05, **P < 0.01 and ***P < 0.001).
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(Figure 5C). SKOV3 and A2780 cell extracts 
were used for western blot analysis and RNA 
immunoprecipitation (RIP) assays to further 
validate the interaction between ZBTB46-AS1 
and TAF6 (Figure 5D-F).

TAF6 overexpression suppresses the prolifera-
tion and migration ability of OC cells in vitro

To explore the role of TAF6 in OC, we overex-
pressed it in SKOV3 and A2780 cells. CCK-8 
and cell clonal formation experiments revealed 
that TAF6 overexpression drastically reduced 
OC cell proliferation, viability, and colony forma-
tion (Figure 5G-J). Similarly, Transwell assays 
revealed that the number of migrated OC cells 
in the TAF6 overexpression group was lower 
than that in the control group (Figure 5H-L). 
These findings suggested that TAF6 inhibits OC 
cell proliferation and migration in vitro.

ZBTB46-AS1 attenuates p53 activity through 
TAF6 protein

Thut et al. [23] discovered that TAF6 directly 
interacts with the activation domain of p53, 
making it a critical target for transmitting the 
activation signal between p53 and the initia-
tion complex. Therefore, we conducted dual-
luciferase reporter assays to assess the re- 
gulatory effects of ZBTB46-AS1 and TAF6 on 
p53 activity in OC cells. We found that ZBTB46-
AS1 knockdown or TAF6 overexpression in 
SKOV3 and A2780 cells significantly increased 
p53 activity compared with that in the control 
group. Conversely, ZBTB46-AS1 overexpres-
sion or TAF6 knockdown dramatically inhibit- 
ed p53 activity (Figure 6A and 6B). To confirm 
the mechanistic relevance, we detected p21 
(CDKN1A), a canonical p53 target. RT-qPCR 
results (Figure S1) showed that p21 expression 
was significantly upregulated by ZBTB46-AS1 
knockdown or TAF6 overexpression, and sup-
pressed by ZBTB46-AS1 overexpression or 
TAF6 knockdown, consistent with p53 acti- 
vity changes. To elucidate the interaction be- 
tween these three factors, we first examined 
variations in TAF6 expression in response to 
ZBTB46-AS1 knockdown or overexpression. In- 
terestingly, whether ZBTB46-AS1 was knocked 
down or overexpressed in SKOV3 and A2780 
cells, western blotting indicated that TAF6 
expression levels remained unchanged (Figure 
6C-F), demonstrating that ZBTB46-AS1 did  
not affect the stability of the TAF6 protein. 

Co-immunoprecipitation (Co-IP) experiments 
were performed on SKOV3 and A2780 cells, 
and the results showed that knockdown or 
overexpression of ZBTB46-AS1 significantly in- 
fluenced the interaction between TAF6 and 
p53. The interaction between TAF6 and p53 
was enhanced following ZBTB46-AS1 knock-
down, whereas ZBTB46-AS1 overexpression 
weakened the interaction between TAF6 and 
p53 (Figure 6G and 6H). Based on these find-
ings, we propose that ZBTB46-AS1 modulates 
the transcriptional activity of p53 by influenc- 
ing the assembly of TAF6-p53 complexes by 
binding to the TAF6 protein, thus controlling 
p53 target genes such as p21.

Simultaneous knockdown of ZBTB46-AS1 and 
p53 reversed the regulatory effect of ZBTB46-
AS1 on OC cell behavior

Functional rescue experiments were perform- 
ed to elucidate the regulatory mechanism of 
ZBTB46-AS1 in OC. Co-transfection with si-
ZBTB46-AS1 and si-p53 effectively mitigated 
the cellular phenotype inhibition induced by 
ZBTB46-AS1 knockdown alone, as demonstrat-
ed by CCK8, Cell clonal formation experiments, 
and Transwell assays (Figure 7A-F). This implies 
that ZBTB46-AS1 exerts its effects through the 
p53 pathway. In summary, our findings support 
the following observations: ZBTB46-AS1 inhib-
its the interaction between TAF6 and p53 by 
binding to the TAF6 protein, decreasing the 
activity of the transcription factor p53, and pro-
moting the proliferation and migration of OC 
cells (Figure 7G).

Discussion

Most patients with OC are often diagnosed at 
an advanced stage with tumor metastases, 
missing out on surgical treatment opportuni-
ties, which leads to a poor prognosis. However, 
considering that only a few therapeutic targets 
for OC have been identified, there is room for 
further research on alternative therapies. The 
biological functions of lncRNAs are complex 
and diverse, and lncRNAs are widely recogniz- 
ed as essential molecules that mediate gene 
transcription and regulation [24]. A substantial 
body of research has highlighted the significant 
role of lncRNAs in the pathogenesis of various 
human cancers including OC. Therefore, inves-
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Figure 6. ZBTB46-AS1 regulates p53 activity by interacting with TAF6. (A, B) Dual-luciferase reporter assay was per-
formed to measure p53 transcriptional activity. Distinct transfection groups were established in A2780 and SKOV3 
cells by co-transfecting the luciferase reporter plasmid, pGL3-p53-TA-luc, with siRNA plasmids targeting ZBTB46-
AS1 (si-ZBTB46-AS1), TAF6 (si-TAF6), or overexpression plasmids for ZBTB46-AS1 (OV-ZBTB46-AS1). Following a 
48-hour incubation period, luciferase activity was evaluated using the Dual-Luciferase Reporter Assay Kit. (n = 3). 
(C) Western blotting analysis of TAF6 expression after ZBTB46-AS1 downregulation in SKOV3 and A2780 cells. (D) 
Quantification of (C). (E) Western blotting analysis of TAF6 expression after ZBTB46-AS1 overexpression in SKOV3 
and A2780 cells. (F) Quantification of (E). (G, H) CO-IP assays were used to test the binding between TAF6 and p53. 
Three independent experiments were performed. *P < 0.05, **P < 0.01 and ***P < 0.001; ns: not significant (P 
> 0.05).
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tigating the biological mechanisms and regula-
tory effects of lncRNAs in OC can potentially 
lead to innovative therapeutic approaches for 
OC treatment [25-27].

In our study, ZBTB46-AS1 was markedly up-
regulated in OC cell lines (A2780 and SKOV3) 
and in clinical specimens (n = 22). High ex- 
pression levels independently predicted a poor 
prognosis. To investigate the functional role of 
ZBTB46-AS1 in OC, we used specific siRNAs  
to construct OC cell models with low ZBTB46- 
AS1 expression (si-ZBTB46-AS1#1 and si-
ZBTB46-AS1#2). We then assessed the impact 
of ZBTB46-AS1 knockdown on OC cell prolifera-
tion and metastasis in vitro using a suite of 
assays, including CCK-8, clonal cell formation, 
and Transwell migration assays. A nude mouse 
xenograft model was used to evaluate the in 
vivo effects of the ZBTB46-AS1 knockdown  
on OC cell growth and metastasis. Our data 
revealed that ZBTB46-AS1 actively promoted 
OC cell growth and metastasis both in vitro and 
in vivo, suggesting its role as an oncogenic driv-
er in OC tumorigenesis. Importantly, ZBTB46-
AS1 has not been extensively studied to date; 
thus, our findings contribute a new perspective 
to the understanding of this area.

We further explored the mechanistic underpin-
nings of ZBTB46-AS1 in OC by focusing on its 
interaction with TAF6. This interaction was ini-
tially probed using Biotin-labeled RNA pull-
down assays, with subsequent validation by 
western blotting and RNA immunoprecipitation 
(RIP) assays. TAF6, a core subunit of the RNA 
polymerase II transcription factor (TFIID), inter-
acts with multiple proteins, including TAF9, 
TAF12, and TAF1, to form intricate preloaded 
and polymerase complexes that dynamically 
regulate gene expression during transcription 
initiation. Multiple subtypes of TAF6 splice  
variants have been identified, with the most 
researched being the widely expressed primary 
TAF6a and inducible TAF6δ subtypes [28, 29]. 
TAF6, with its high pro-apoptotic activity, has 
been established as a critical factor for the sur-

vival of various organisms, including humans. 
Moreover, TAF6 has been implicated in the pro-
liferation and differentiation of stem cells and 
tumor cells, positioning it as a potential the- 
rapeutic target for disorders stemming from 
apoptotic dysregulation, such as cancer [30-
33]. Notably, experimental evidence from TAF6 
gene-deletion mouse models points to the 
development of cellular transformation charac-
teristics and tumorigenesis, underscoring the 
essential role of TAF6 in tumor suppression 
[34, 35].

As a pivotal transcription factor, p53 orches-
trates gene expression, which is pivotal for cell 
cycle arrest and apoptosis induction, thereby 
playing an essential role in safeguarding ge- 
nomic integrity and tumor suppression [36, 
37]. p53 primarily functions by activating its 
downstream target genes. In response to DNA 
damage, p53 specifically binds to its target 
genes within response elements (RE) in a 
dimeric form, recruiting a variety of transcrip-
tional regulatory factors. This action leads to 
the activation or repression of target gene tran-
scription, thereby modulating gene expression. 
Such intricate regulation is crucial for the 
p53-dependent apoptotic response to DNA 
damage [38, 39]. Extensive research has con-
firmed that the genesis of most tumors is linked 
to TP53 mutations or factors that hinder p53 
transcriptional activation, leading to dysregula-
tion of the p53 pathway [36, 40]. To date, more 
than 125 protein-coding genes and non-coding 
RNAs have been identified as direct transcrip-
tional targets of p53, facilitating transcriptional 
activation upon p53 induction [41].

P53-mediated transcriptional activation is initi-
ated by the binding of p53 to specific recogni-
tion sites within the promoter regions of target 
genes. In eukaryotes, transcription initiation is 
commonly triggered by the formation of the 
pre-initiation complex (PIC), which includes 
RNA polymerase II and six basal transcrip- 
tion factors: TFIIA, TFIIB, TFIID, TFIIE, TFIIF, and 
TFIIH. The TFIID complex, a multiprotein assem-

Figure 7. Simultaneous knockdown of ZBTB46-AS1 and p53 reversed the regulatory effect of ZBTB46-AS1 on OC 
cell behavior. (A, B) SKOV3 and A2780 cells were co-transfected with si-NC, si-ZBTB46-AS1, or si-ZBTB46-AS1+si-
p53, and the proliferative ability of OC cells was detected using CCK8 assays at a specified time point. (C) Growth of 
SKOV3 and A2780 cells was evaluated using a colony formation assay. (D) Quantification of (C). (E) Cell migration of 
SKOV3 and A2780 cells was detected using Transwell assays. (F) Quantification of E. Scale bar = 100 µm (E: 200×). 
*P < 0.05, **P < 0.01 and ***P < 0.001. (G) Schematic representation of the ZBTB46-AS1-mediated oncogenic 
regulation of OC.
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bly, is a general transcription factor that inter-
acts with gene promoters and directs the tran-
scription of approximately 90% of protein-cod-
ing genes. It exerts a pivotal regulatory influ-
ence on the transcriptional machinery of pro-
tein-coding genes in eukaryotes [42, 43]. TFIID 
recognizes and binds to multiple core promoter 
elements, and p53 has been shown to recruit 
TFIID to promoter regions, enhancing the bind-
ing of the transcription factor TFIID to gene pro-
moters, thereby promoting gene expression 
[44, 45]. Moreover, several studies have indi-
cated that in the absence of p53, assembly of 
the pre-initiation complex (PIC) is impeded, and 
TFIID recognition of the core promoter is dimin-
ished, constraining transcription initiation [46, 
47]. Consequently, the interaction between 
p53 and TFIID components (e.g., TAFs) is es- 
sential for transcription initiation, enabling the 
recruitment of RNA polymerase II to target gene 
promoters. TAF6 can function as a coactivator 
of p53, especially in the context of p53-mediat-
ed gene regulation. Studies have demonstrated 
that TAF6 and p53 exhibit functional interac-
tions during assembly of the transcription in- 
itiation complex [48]. The TAF6-p53 complex 
enhances p53 DNA-binding and transcriptional 
activity, enabling the precise regulation of ge- 
nes involved in DNA repair and tumor suppres-
sion pathways [49].

In a subsequent series of experiments, we  
conducted immunoprecipitation assays to de- 
termine physical interactions between TAF6 
and p53. These results unequivocally demon-
strated that p53 is capable of co-precipitating 
with TAF6, indicating a direct interaction be- 
tween these two critical proteins. Moreover,  
our findings indicate that the overexpression  
of ZBTB46-AS1 significantly diminishes the 
interaction between TAF6 and p53. Conversely, 
the knockdown of ZBTB46-AS1 led to enhanc- 
ed interactions, implying that the levels of 
ZBTB46-AS1 may modulate the formation of 
the TAF6-p53 complex. This modulation is an- 
ticipated to exert downstream effects on the 
p53 transcriptional activation of its target 
genes, thereby influencing cellular responses.

In further experiments, we constructed a firefly 
luciferase reporter gene vector containing a 
p53 response element and meticulously de- 
signed multiple transfection groups to investi-
gate the effects of ZBTB46-AS1 and TAF6 on 
p53 activity. The reduction in luciferase activity 

indicated that both overexpression of lncRNA 
ZBTB46-AS1 and knockdown of TAF6 repressed 
p53 expression. Simultaneously, Western blot 
analysis revealed that TAF6 expression levels 
remained unaltered irrespective of whether 
lncRNA ZBTB46-AS1 was knocked down or 
overexpressed. This observation suggests that 
lncRNA ZBTB46-AS1 does not affect the sta- 
bility of the TAF6 protein; instead, it appears to 
engage in a direct interaction with TAF6, poten-
tially influencing the transcriptional landscape 
governed by the TAF6-p53 axis.

Based on our experimental observations,  
we speculate that in OC, elevated levels of 
ZBTB46-AS1 modulate the formation of the 
TAF6-p53 complex by directly interacting with 
TAF6. This interaction has been proposed to 
inhibit p53’s transcriptional activation capacity 
on its target genes. This speculation was con-
sistent with the results of our subsequent in 
vitro experiments, in which we found that TAF6 
overexpression diminished OC cell proliferation 
and migration capabilities, consistent with the 
effects observed after siRNA-mediated knock-
down of ZBTB46-AS1. Ultimately, rescue exper-
iments confirmed that the concurrent knock-
down of ZBTB46-AS1 and p53 rescued the 
migration and proliferation of OC cells, which 
were suppressed by siRNA-mediated knock-
down of ZBTB46-AS1.

In conclusion, our study is the first to reveal  
the upregulation of ZBTB46-AS1 in OC and its 
critical role in tumor progression. Moreover, we 
not only confirmed the promoting effects of 
ZBTB46-AS1 on OC cell proliferation and migra-
tion but also offered new theoretical support 
and experimental evidence for understanding 
the regulatory mechanisms of ZBTB46-AS1 on 
p53 activity, thereby presenting potential ther-
apeutic targets for the molecular treatment of 
OC.
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Figure S1. ZBTB46-AS1 regulates p53 activity by interacting with TAF6. A, B. RT-qPCR analysis of the expression 
level of a canonical p53 target, p21, in SKOV3 and A2780 cells transfected with the indicated siRNAs and plasmids. 
ZBTB46-AS1 knockdown or TAF6 overexpression in SKOV3 and A2780 cells significantly increased p21 expression 
compared with that in the control group. Conversely, ZBTB46-AS1 overexpression or TAF6 knockdown dramatically 
inhibited p21 expression. **P < 0.01 and ***P < 0.001.


