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ABSTRACT

Objectives: Our purpose was to evaluate the expression of long non-coding RNA (IncRNA) zinc finger E-box binding homeobox 1-antisense
1 (ZEB1-AS1) and the transcription factor ZEB1 in prostate cancer (PCa) cells, and to explore their potential role in tumor aggressiveness and
epithelial-mesenchymal transition (EMT) regulation.

Materials and methods: PC3, DU145, LNCaP, and PNT1A were cultured under standard conditions. miRNeasy Tissue/Cells Advanced Mini Kit was used
to isolate total RNA. RT? First Strand Kit was used to synthesize complementary DNA for IncRNAs, and miRCURY LNA RT Kit for microRNAs (miRNAs).
Rotor-Gene Q (Qiagen) system was used to carry out quantitative real-time PCR (qRT-PCR) using SYBR Green chemistry. ZEB1-AS1 and ZEB1 levels were
measured in the PCa in vitro model.

Results: The gRT-PCR analysis revealed that ZEB1-AS1 and ZEB1 were significantly upregulated in androgen-independent PC3 and DU145 cells
compared with PNT1A (p<0.01), while LNCaP showed lower expression levels. Elevated ZEB1-AS1 was linked to higher ZEB1 expression, especially in
PC3 cells, indicating EMT activation.

Conclusion: Our findings suggest the ZEB1-AS1/ZEB1 axis has a crucial role in PCa progression by promoting EMT and metastatic potential. This
regulatory network could act as a possible marker and treatment goal, particularly in aggressive, androgen-independent PCa subtypes.
Keywords: Epithelial-mesenchymal transition, PNT1A, prostate cancer, ZEB1, ZEB1-AS1.

Among men, prostate cancer (PCa) ranks drive PCa progression in order to identify new
as the second most frequent malignancy and biomarkers and therapeutic targets.
continues to be a major contributor to cancer-
associated mortality globally, according to
GLOBOCAN 2022 estimates.!! Despite advances
in surgery, radiotherapy, hormone therapy, and
chemotherapy, the incidence of PCa continues
to rise. Many patients eventually experience
relapse and develop metastatic disease, which
is associated with poor survival rates. These
challenges highlight the urgent need to better
understand the molecular mechanisms that

Over the past decade, genomic research
has revealed that although less than 2% of
the human genome encodes proteins, a large
portion is transcribed into non-coding RNAs
(ncRNAs).2 Among these, IncRNAs, which are
over 200 nucleotides in length and do not encode
proteins, are increasingly recognized as crucial
modulators of gene regulation at transcriptional,
post-transcriptional, and epigenetic levels.34 A
particularly important role of IncRNAs involves
functioning as competing endogenous RNAs
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these transcription factors enhance cell motility,
plasticity, and metastatic potential.l®’ High ZEB1
expression has been linked to advanced disease
stages and poor prognosis in several cancers,
including PCa.” Consequently, deregulation
of EMT pathways is now seen as a central
mechanism promoting tumor aggressiveness
and resistance to therapy.

Recent studies suggest that specific IncRNAs,
especially ZEB1-AS1 (antisense 1), may regulate
EMT by interacting with ZEB family transcription
factors. However, the precise role of ZEB1-AS1
in PCa remains not fully understood. Exploring
this regulatory relationship could provide
valuable insights into the molecular basis of
PCa aggressiveness and offer opportunities
for developing new biomarkers and targeted
treatments.

MATERIALS AND METHODS

Cell culture

All studies were conducted at Istanbul
University, Department of Medical Biochemistry,
Research Laboratory. PC3, DU145, and LNCaP
PCa cell lines (ATCC, Manassas, VA, USA),
along with the immortalized normal prostate
epithelial line PNT1A, were cultured at 37°C
in 5% CO2 in RPMI-1640 (10% fetal bovine
serum (FBS), 1% penicillin-streptomycin (Sigma-
Aldrich, Darmstadt, Germany).

RNA isolation and cDNA synthesis

Ribonucleic acid isolation was performed with
the miRNeasy Tissue/Cells Kit (Qiagen, Hilden,
Germany), and concentrations were determined
spectrophotometrically with a NanoDrop.
Complementary DNA (cDNA) was synthesized
using the RT? First Strand Kit (Qiagen, Hilden,
Germany); ZEB1 and ZEB1-AS1 were amplified
with gene-specific primers (Qiagen, Hilden,
Germany).

Quantitative real-time PCR analysis

Reactions were performed on a Rotor-gene
Q system (Qiagen, Hilden, Germany) with
RT?2 SYBR Green ROX FAST Mastermix
(Qiagen, Hilden, Germany) under standard
cycling conditions: (i) Initial denaturation
10 min 95°C, (ii) denaturation 15 sec 95°C, and
annealing/extension 60 sec 60°C, 40 times.
Melt-curve analysis verified specificity.
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Statistical analysis

The relative level of gene expression was
determined using the 224¢t method. Each
experiment was repeated three times. A
one-way ANOVA and a Tukey's post hoc test
were conducted using GraphPad Prism version
10.0 software (GraphPad Software Inc., La
Jolla, California, USA). A p-value of less than
0.05 was considered statistically significant.

RESULTS

Differential expression of ZEB1-AS1 in
prostate cancer cell lines

Quantitative real-time PCR (qRT-PCR)
analysis demonstrated distinct expression
patterns of IncRNA ZEB1-AS1 across PCa cell
lines compared with normal prostate epithelial
cells (PNT1A). ZEB1-AS1 was markedly
upregulated in PC3 cells (8.6-fold, p<0.001) and
significantly increased in DU145 cells (3.2-fold,
p<0.01%), whereas LNCaP cells exhibited
relatively lower expression levels (1.4-fold, not
significant), as shown in Figure 1la. These
results indicate that ZEB1-AS1 expression
correlates with androgen-independent and more
aggressive PCa phenotypes.

ZEB1 expression in prostate cancer
cell lines

Consistent with the IncRNA findings, ZEB1
mRNA expression was strongly upregulated in
PC3 cells (6.9-fold, p<0.001) and moderately
increased in DU145 cells (2.8-fold, p<0.01%).
In contrast, LNCaP cells showed only a slight
upregulation (1.2-fold, not significant) compared
with PNT1A, as shown in Figure 1b. These data
suggest a positive regulatory relationship between
ZEB1-AS1 and ZEB1 in aggressive PCa cell lines.

Interaction between ZEB1-AS1 and ZEB1

Pearson correlation analysis showed a strong
and positive relationship between ZEBI-AS1
and ZEB1 levels across the PCa cell lines
(r=0.87, p<0.01), supporting the hypothesis that
ZEBI1-AS1 functions as a regulatory enhancer of
ZEB1 expression.

DISCUSSION

Our results show that both the transcription
factor ZEB1 and the IncRNA ZEBI1-AS1 are
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Figure 1. RT-qPCR experiment for IncRNA-ZEB1-AS1 and ZEB1. (a) Relative expression of ZEB1-AS1
in prostate cancer cell lines (PC3, DU145, LNCaP) compared to PNT1A. (b) Relative expression of ZEB1
mRNA in prostate cancer cell lines compared to PNT1A. Bars represent mean + standard deviation of three
independent experiments. Statistical significance was determined by one-way ANOVA followed by Tukey's

post-hoc test.
* p<0.05; ** p<0.01.

significantly upregulated in aggressive, androgen-
independent cells PC3 and DU145 compared
with the androgen-sensitive LNCaP line and
the non-malignant control PNT1A. This distinct
expression pattern strongly suggests that the
ZEB1-AS1/ZEB1 axis is a key driver of EMT,
a critical process involved in metastasis and
therapy resistance in PCa.l8?!

On a mechanistic level, ZEB1-AS1 promotes
EMT by increasing ZEB1 expression-either
through epigenetic mechanisms involving
the recruitment of the MLL1 (mixed lineage
leukemia protein-1) complex and enrichment
of H3K4me3 (tri-methylation of histone H3 at
lysine 4) histone marks at the ZEB1 promoter,
or by serving as a ceRNA that sequesters
members of the miR-200 family.1%1 ZEB1, in
turn, facilitates EMT by repressing epithelial
markers such as E-cadherin and activating
genes associated with the mesenchymal
phenotype, thereby enhancing cellular motility
and invasion.!'? The high levels of ZEB1-AS1
and ZEB1 found in PC3 and DU145 cells
correlate with their invasive behavior, while the
comparatively low expression in LNCaP cells
suggests that androgen receptor (AR) signaling
may suppress EMT regulation. Previous
research supports this, showing that AR activity
can inhibit EMT-related gene expression and
maintain epithelial characteristics.!'3! Therefore,
loss of AR signaling in castration-resistant

contexts may reveal the pro-EMT effects of the
ZEB1-AS1/ZEBI1 axis.

Despite the strong link between ZEB1-AS1
and ZEB1 expression, the precise regulatory
mechanisms are still unclear. Functional
studies-such as luciferase reporter assays to test
promoter activity, RNA immunoprecipitation
to identify miRNA interactions, and gene
knockdown experiments-are needed to
determine  whether ZEB1-AS1 directly
regulates ZEB1 or acts through intermediary
ncRNA networks.'¥ From a translational
perspective, the ZEB1-AS1/ZEB1 axis offers
a promising biomarker and therapeutic
target. In other cancers, silencing ZEB1-AS1
with small interfering RNAs or antisense
oligonucleotides has been shown to suppress
EMT and increase chemotherapy sensitivity.!
This approach could be especially useful for
treating castration-resistant PCa. Additionally,
since circulating IncRNAs like ZEB1-AS1 are
detectable in patient plasma, they could serve as
non-invasive biomarkers for disease monitoring
and therapy response evaluation.!'%”1 However,
this study has limitations. It is restricted to in
vitro PCa models and uses only PNT1A as a
normal control. To improve clinical relevance,
validation should be conducted using more
physiologically relevant models, such as
patient-derived organoids, in vivo xenograft
models, and large-scale transcriptomic datasets.
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Moreover, measuring circulating ZEB1-AS1
levels in patient samples could help determine
its diagnostic and prognostic value.

In conclusion, our data support a model where
ZEB1-AS1 enhances ZEB1 expression, promotes
EMT, and drives metastatic progression in
PCa. The identified ZEB1-AS1/ZEB1 pathway
deepens insights into PCa progression and
highlights a promising direction for biomarker
discovery and therapeutic intervention.
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