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ABSTRACT

Cisplatin resistance presents a considerable hurdle in the treatment of ovarian cancer, significantly
impacting patient outcomes and limiting the effectiveness of chemotherapy. This study employs
advanced bioinformatics techniques-including RNA sequencing (RNA-seq), DNA sequencing (DNA-
seq), and chromatin immunoprecipitation sequencing (ChIP-seq)-to elucidate the molecular mechanisms
underlying this resistance, with a particular focus on the long non-coding RNA (IncRNA) LINC02381.

Our findings reveal that LINC02387 is significantly upregulated in ovarian cancer cells
exhibiting resistance to cisplatin, suggesting its pivotal role in mediating this phenomenon. We
further demonstrate that cytokines, particulatly interleukin-12 (IL-72), secreted by immune cells
within the tumor microenvironment, activate the Wnt signaling pathway. This activation leads to
the binding of the transcription factor TCF7 to the promoter region of LINC02381, resulting in
enhanced expression of this IncRNA.

Notably, this interaction establishes a positive feedback loop in which LINC02381 not only
promotes its own expression but also amplifies Wnt signaling activity. This cascade ultimately drives
the upregulation of ATP-binding cassette (ABC) transporters, which are crucial for the efflux of
cisplatin from cancer cells. Thus, the drug's intracellular concentration is reduced, and cell survival
under chemotherapy pressure is facilitated. These insights uncover a novel mechanism of cisplatin
resistance driven by the I1.-72/Wnt/TCF7/I.INC02381 axis, highlighting the complex interplay
between immune signaling and drug resistance in ovatian cancer.

Our findings suggest that targeting this regulatory pathway may offer promising therapeutic
strategies to overcome chemotherapy resistance, paving the way for improved treatment outcomes in
patients with ovatian cancer. Future research should focus on validating these mechanisms and
exploring potential interventions that disrupt this feedback loop.
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INTRODUCTION

Ovarian cancer is one of the most lethal forms of
gynecological cancer,! primarily due to its propensity to
develop resistance to chemotherapy, especially cisplatin,
which is the standard first-line treatment.? Cisplatin
functions by inducing DNA damage, ultimately
triggering apoptosis in cancer cells.® Unfortunately,
many patients develop resistance to this treatment,
significantly diminishing its effectiveness and leading to
relapse. Therefore, understanding the underlying
molecular mechanisms that contribute to cisplatin
resistance is crucial for informing the development of
new therapeutic strategies.

Long non-coding RNAs (IncRNAs), which are
transcripts longer than 200 nucleotides that do not code
for proteins,* have been implicated in regulating drug
resistance across various cancers, including ovarian
cancer.® These IncRNAs play roles in modulating
cellular pathways associated with drug transport,
apoptosis, and immune responses.®  Recently,
LINC02381 has been identified as a potential regulator
of cancer progression; however, its specific involvement
in ovarian cancer chemoresistance remains largely
unexplored.’

In this study, we aimed to elucidate the contribution
of LINCO02381 to cisplatin resistance through advanced
bioinformatics analyses. By examining RNA-seq, DNA-
seq, and ChlP-seq datasets, we hypothesized that IL-12, a
cytokine released within the tumor microenvironment,
activates the Wnt signaling pathway,® which subsequently
activates TCF7, this transcription factor that binds to the
promoter of LINC02381 and upregulates its expression.®
In turn, LINC02381 amplifies Wnt signaling, establishing
a positive feedback loop that enhances the expression of
ATP-binding cassette (ABC) transporters. These
transporters actively expel cisplatin from cells, thus
contributing to drug resistance. Our study proposes a
novel regulatory pathway that underlies cisplatin
resistance in ovarian cancer.

MATERIALS AND METHODS

Data Sources

We conducted our bioinformatics analysis using
publicly available RNA-sequencing (RNA-seq) and
chromatin immunoprecipitation sequencing (ChlIP-seq)
datasets sourced from repositories the Gene Expression
Omnibus (GEO) and specifically, we analyzed data from
both cisplatin-sensitive (A2780) and cisplatin-resistant
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(A2780-CP) ovarian cancer cell lines (GSE176218&
GSE172510). To enhance transparency in our data
selection process, we provided detailed criteria for
choosing the publicly available RNA-seq, DNA-seq,
and ChIP-seq datasets used in this study. Our selection
focused on datasets representing cisplatin-resistant and
cisplatin-sensitive ovarian cancer cell lines, with
particular attention to quality indicators such as read
depth, alignment efficiency, and consistency across
biological replicates. These criteria were crucial for
ensuring that our bioinformatics analyses were reliable
and meaningful with respect to our study objectives.

RNA-seq Analysis

To preprocess the RNA-seq datasets, we employed
FastQC for quality control. Next, we used HISAT2 to
align the reads to the human genome (GRCh38).
StringTie was utilized for transcript assembly and
quantification, while DESeq2 was applied to identify
differentially expressed genes, focusing particularly on
LINC02381 and other genes involved in the Wnt
signaling pathway.

DNA-seq Analysis

For DNA-seq analysis, we followed the Genome
Analysis Toolkit (GATK) pipeline for variant calling.
Our focus was on identifying mutations within genes
associated with drug resistance and the Wnt signaling
pathway. ANNOVAR was used for annotating the
variants and assessing their potential functional impacts.

ChlIP-seq Analysis

The ChlIP-seq datasets were analyzed using Bowtie2
for read alignment and Model-based Analysis of ChIP-
Seq (MACS2) for peak calling. We identified TCF7
binding sites within the promoter region of LINC02381,
alongside  H3K27ac  peaks, which indicate
transcriptionally active regions.

Pathway Enrichment and Network Analysis

We performed gene and pathway enrichment
analyses using the Kyoto Encyclopedia of Genes and
Genomes (KEGG) and Gene Ontology (GO) databases
to understand the role of LINC02381 in regulating drug
resistance pathways. The STRING database was utilized
to construct a protein-protein interaction network,
elucidating the connections between LINC02381, Wnt
signaling components, and ABC transporters.
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Predictive Modeling

Using Cytoscape software, we developed a
bioinformatics model to simulate the feedback loop
involving IL-12, Wnt signaling, TCF7, and LINC02381.
This model predicts how these interactions affect the
expression of ABC transporters and contribute to the
progression of cisplatin-resistant ovarian cancer

RESULTS

LINCO02381 is Upregulated in Cisplatin-Resistant
Ovarian Cancer Cells

RNA sequencing (RNA-seq) analysis demonstrated a
significant upregulation of LINC02381 in A2780-CP
cells, which are resistant to cisplatin, compared to their
cisplatin-sensitive  counterparts, A2780 cells. The
differential expression analysis revealed that LINC02381
is not an isolated factor but part of a larger gene network
implicated in the Wnt signaling pathway and drug
transport mechanisms. This suggests that LINC02381
may play a critical role in mediating resistance to cisplatin
by influencing multiple cellular processes (Figure 1).
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IL-12 Induces Activation of the Wnt Signaling
Pathway in Cisplatin-Resistant Ovarian Cancer
Cells

To investigate the role of IL-12 in modulating the
Whnt signaling pathway in cisplatin-resistant ovarian
cancer cells, we performed differential gene expression
analysis using RNA-seq data from A2780-CP cells
treated with 1L-12. The heatmap (Figure 2A)
demonstrates significant upregulation of key Wnt
pathway components, including WNT3A, CTNNB1 (B-
catenin), and TCF7, following IL-12 stimulation. These
results suggest that IL-12 may contribute to the
activation of the Wnt pathway, which is known to be
associated with drug resistance mechanisms.

Quantitative analysis via bar plots (Figure 2B)
confirmed the increased expression of WNT3A and
CTNNB1, which were markedly higher in IL-12-treated
cells compared to untreated controls. This upregulation
correlates with the increased activation of downstream
Whnt signaling targets, suggesting that IL-12 enhances
the transcriptional activity of the pathway.
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Figure 1. Differential Expression of LINC02381 in Cisplatin-Resistant vs. Sensitive Ovarian Cancer Cells. The heatmap
illustrating the differential expression of LINC02381 and related genes in A2780 (cisplatin-sensitive) and A2780-CP (cisplatin-
resistant) ovarian cancer cells based on RNA-sequencing data.
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Additionally, volcano plot analysis (Figure 2C)
identified several genes within the Wnt signaling
cascade that were significantly upregulated following
IL-12 exposure (p < 0.05, fold change>2). Among these,
CTNNB1 and TCF7 were the most prominent,
suggesting a potential mechanism through which IL-12
may drive cisplatin resistance.

Finally, the scatter plot (Figure 2D) comparing
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overall gene expression between IL-12-treated and
untreated cisplatin-resistant cells revealed widespread
transcriptional changes, with a clear shift in genes
associated with the Wnt pathway. This global analysis
underscores the importance of IL-12 in reprogramming
cellular pathways that contribute to drug resistance, with
the Wnt signaling axis playing a central role.
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Figure 2. Bioinformatics Analysis of IL-12-Induced Wnt Signaling Activation in Cisplatin-Resistant Ovarian Cancer Cells. (A)
Heatmap illustrating the differential expression of WNT3A, CTNNB1 (g-catenin), and TCF7 in cisplatin-resistant ovarian
cancer cells before and after IL-12 stimulation based on RNA-seq data. (B) Bar plot quantifying the relative expression levels
of key Wnt pathway genes. (C) Volcano plot highlighting statistically significant up regulation of Wnt-related genes following
IL-12 stimulation. (D) Scatter plot comparing global gene expression changes between resistant and sensitive cells,

demonstrating prominent activation of Wnt pathway.
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ChIP-seq Confirms TCF7 Binding at the LINC02381
Promoter

Chromatin immunoprecipitation sequencing (ChlP-
seq) data provided direct evidence of TCF7 binding to
the promoter region of LINC02381. The presence of
H3K27ac marks at this region further supports the
notion that it is transcriptionally active, particularly in
cisplatin-resistant cells. This indicates that TCF7 may
regulate LINC02381 expression, contributing to the
resistance mechanism (Figure 3).

LINC02381 Activates ABC Transporters to Promote
Drug Efflux

Results demonstrate a significant upregulation of
LINC02381 in A2780 cells treated with cisplatin
compared to untreated controls. This increase indicates
that LINC02381 may play a crucial role in modulating
drug resistance pathways. Additionally, the expression
of ABCB1 and ABCB2 also shows a corresponding rise,
particularly in the A2780-cp and A2780-cp+cisplatin
groups, highlighting the relationship  between
LINC02381 expression and the activation of these efflux
pumps.
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Overall, the data supports the hypothesis that
LINCO02381 contributes to the development of cisplatin
resistance in ovarian cancer by upregulating ABC
transporters, thereby facilitating greater drug efflux and
reducing intracellular drug accumulation. This
underscores the importance of targeting LINC02381 as
a potential therapeutic strategy to overcome drug
resistance in cancer treatment (Figure 4).
Bioinformatics  Model of the IL-12/Wnt/
TCF7/LINC02381 Feedback Loop

To further elucidate the interactions within this
signaling network, a bioinformatics model was
constructed. This model illustrates a feedback loop
wherein IL-12 activates Wnt signaling, leading to TCF7
binding at the LINC02381 promoter. The subsequent
upregulation of LINCO02381 enhances Wnt pathway
activity, creating a positive feedback mechanism that
further stimulates the expression of ABC transporters.
This complex interplay highlights the potential of
targeting this feedback loop in therapeutic strategies
aimed at overcoming cisplatin resistance in ovarian
cancer (Figure 5).
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Figure 3. Chromatin immunoprecipitation sequencing (ChlP-seq) Analysis of TCF7 Binding to the LINC02381 Promoter

Region ChlP-seq analysis showing TCF7 binding peaks at the promoter region of the LINC02381 gene. The x-axis represents
genomic coordinates, while the y-axis indicates the signal intensity of TCF7 binding. Overlapping peaks of H3K27ac histone
modification marks are observed, indicating transcriptional activation. The region surrounding the promoter of LINC02381 is
highlighted, demonstrating co-localization of TCF7 binding and H3K27ac signals, suggesting a regulatory role of TCF7 in

LINC02381 expression.
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Figure 4. Impact of LINC02381 on ABC Transporter Expression in Response to Cisplatin Treatment. This figure illustrates the
expression levels of LINC02381 and ABC transporters (ABCB1 and ABCB2) in A2780 ovarian cancer cells under different
treatment conditions. The bars represent LINC02381 expression, while the line indicates the combined expression of ABCB1
and ABCB2. The data shows that LINC02381 expression increases in response to cisplatin treatment (A2780+cisplatin) and is
further elevated in cells treated with cisplatin in combination with the chemo resistant variant (A2780-cp). This suggests that
LINCO02381 may play a crucial role in enhancing the expression of ABC transporters, which are involved in drug efflux and
resistance mechanisms.
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Figure 5. Bioinformatics Model of the IL-12/Wnt/TCF7/LINC02381 Feedback Loop Description: A bioinformatics model
illustrating the positive feedback loop whereby IL-12 activates Wnt signaling, which triggers TCF7 to bind and upregulate
LINC02381. This IncRNA then enhances Wnt signaling, promoting the expression of ABC transporters.
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DISCUSSION

Our bioinformatics analyses uncover a novel
mechanism in which LINC02381 mediates cisplatin
resistance through the activation of Wnt signaling by IL-
12.%% This finding highlights the intricate interplay
between the tumor microenvironment and cancer cell
behavior.!! Specifically, IL-12, a cytokine known for its
role in immune responses, is secreted within the tumor
milieu and activates key components of the Wnt
signaling pathway, namely WNT3A and CTNNB1
(B-catenin).'? The activation of these components leads
to the subsequent activation of the transcription factor
TCF7, which is crucial for various cellular processes,
including proliferation and differentiation.*

ChlP-seq analysis provides compelling evidence that
TCF7 directly binds to the LINC02381 promoter,
thereby enhancing its expression in cisplatin-resistant
cells. This direct interaction suggests that TCF7 acts as
a transcriptional regulator of LINC02381, linking Wnt
signaling to the expression of this long hon-coding RNA
(IncRNA). The upregulation of LINC02381 creates a
scenario where Wnt signaling is further amplified,
establishing a positive feedback loop that not only
sustains but enhances the expression of ABC
transporters.’* Transporters such as ABCB1 and ABCG2
play a critical role in the efflux of cisplatin from cancer
cells, leading to reduced intracellular drug
concentrations and ultimately facilitating the survival of
ovarian cancer cells under chemotherapy pressure.

The role of cytokines, particularly IL-12, in
modulating tumor behavior and drug resistance (is a
critical aspect of this study.’®* By demonstrating that
cytokine-mediated activation of Wnt signaling and
LINC02381 plays a significant role in drug resistance,
we introduce an immune component to the regulation of
chemotherapy response. This suggests that strategies
aimed at modulating immune responses- either through
the inhibition of IL-12 or the manipulation of Wnt
signaling- could be viable approaches to overcome
cisplatin resistance.’

Importantly, targeting components of the Wnt
signaling pathway, particularly the LINC02381-TCF7
axis, may provide novel therapeutic opportunities.
Inhibiting TCF7 or disrupting its interaction with
LINC02381 could potentially restore sensitivity to
cisplatin in resistant ovarian cancer cells. However,
further experimental validation is essential to confirm
these bioinformatics predictions. In vitro and in vivo
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studies will be necessary to assess the feasibility and
efficacy of these targets in clinical settings.

The identification of LINC02381 as a key player in
the resistance mechanism opens new avenues for
research into IncRNAs as potential biomarkers for
predicting treatment responses in ovarian cancer.®
Understanding the broader implications of LINC02381
in other cancer types and treatment modalities could
further enhance its therapeutic potential.

Future research could involve in vitro CRISPR
knockdown studies to inhibit LINC02381 expression and
analyze its impact on Wnt signaling and drug resistance.
Additionally, in vivo studies using ovarian cancer models
could confirm the relevance of this pathway in
physiological conditions. These experimental directions
aim to establish a framework for future research and
therapeutic exploration based on our findings.

In summary, our research underscores the
complexity of drug resistance mechanisms in ovarian
cancer and highlights the significance of the
IL12/Wnt/TCF7/LINC02381 axis in mediating cisplatin
resistance. Future studies focused on unraveling the
detailed molecular interactions within this pathway will
be essential for developing effective therapeutic
strategies to combat chemotherapy resistance.

This study identifies LINC02381 as a key mediator
of cisplatin resistance in ovarian cancer, based on
comprehensive bioinformatics analysis. The IL-
12/Wnt/TCF7/LINCO02381 axis forms a crucial feedback
loop that drives drug resistance by upregulating ABC
transporters and facilitating cisplatin efflux from ovarian
cancer cells. This novel mechanism presents potential
therapeutic targets, particularly in interrupting the Wnt
signaling cascade or inhibiting LINC02381 expression,
to overcome chemotherapy resistance.

Our findings open avenues for future research,
where experimental validation and in vivo studies will
be necessary to confirm the clinical relevance of this
bioinformatics-driven model and to translate these
findings into therapeutic interventions.
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