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1. INTRODUCTION

Ovarian cancer stands as the eighth most prevalent cancer among women and is the fifth leading cause of
cancer-related deaths [1, 2]. This alarming mortality rate is primarily attributed to the disease's heterogeneous
nature and the absence of effective targeted therapies [3, 4]. Our research has been focused on unveiling the
oncogenic pathways influenced by the gep oncogene, specifically the a-subunit of Gal2, encoded by GNAI12.
This exploration led to the discovery of a previously unrecognized role of UCAI1, a long noncoding RNA
(IncRNA) with oncogenic properties, in the initiation and progression of ovarian cancer. Since the identification
of IncRNAs in 2005 [5], their involvement in cancer biology has only recently begun to be fully appreciated. A
number of these IncRNAs have been found to actively participate in gene regulation [5, 6]. While Recent
studies highlight the oncogenic role of various IncRNAs in several cancers[7-12], their role in ovarian cancer is
poorly understood. Our findings, indicating the upregulation of UCA1 by LPA through the gep oncogenes, take
on added significance considering the substantial elevation of LPA levels in ovarian cancer patients [13]. Given
that IncRNAs can control diverse gene sets involved in specific cellular responses through both cytosolic and
nuclear regulatory mechanisms, the UCA1 signaling pathway, which is the focus of our study, is poised to be a
crucial factor in the development, progression, and treatment resistance of ovarian cancer. We pursued three
specific aims in this project: 1) Elucidating the mechanism through which gep-oncogenes activate UCA1
expression; 2) Deciphering the process by which UCA1 modulates oncogenic signaling; and 3) Investigating
UCAI's role in the growth of ovarian cancer in vivo, as well as evaluating its potential as a therapeutic target
using preclinical mouse models. The successful completion of this project is expected to significantly contribute
to identifying new therapeutic targets and developing novel treatment strategies for ovarian cancer. Moreover,
assessing the therapeutic potential of UCAT1 inhibition in combination with cisplatin or epigenetic inhibitors
promises to enhance treatment options, potentially overcoming therapy resistance in ovarian cancer patients.

2. KEYWORDS:

Ovarian Cancer; Gep oncogene, GNA12 gene; Long Non-coding RNA; Urothelial Cancer associated-1 (UCA);
Spliceosome; microRNA; Mammalian Enabled (MENA); Therapy-resistance; Cancer epigenome;
Lysophosphatidic Acid (LPA); Polycomb Group Proteins; Tumor-suppressors.

3. ACCOMPLISHMENTS:
What were the major goals of the project?

The major goals of this project were centered on elucidating the mechanisms and therapeutic potentials
associated with UCAL1 in ovarian cancer. Firstly, we aimed to define the process by which Lysophosphatidic
Acid (LPA) stimulates UCAT1 expression. This involved understanding the interaction between LPA and the gep
oncogenes, and how this interaction leads to the activation of UCAI. Our second goal was to unravel the
mechanisms by which UCA1 regulates oncogenic signaling. This step was crucial in comprehending the
broader impact of UCA1 on cellular processes and its potential role in cancer progression. Moreover, the project
sought to thoroughly analyze the role of UCA1 in the growth of ovarian cancer in vivo. This included assessing
the therapeutic potential of UCA1, both as a standalone target and in conjunction with its downstream effectors.
This approach was anticipated to expand the range of therapeutic options, potentially overcoming therapy
resistance in ovarian cancer. The successful completion of these objectives was expected to significantly impact
the development of novel therapeutic targets and treatment regimens for ovarian cancer.

What was accomplished under these goals?
The primary objective of our research was to elucidate the mechanisms by which UCA1 regulates oncogenic

signaling in ovarian cancer and to identify potential therapeutic targets. This project was structured around
4



specific aims, focusing on understanding UCA1's role in cancer progression, therapy resistance, and exploring
avenues for targeted treatments.
Aim 1. Define the Mechanism by Which LPA Stimulates UCA1 Expression

Gene Amplification Analysis: Our initial focus was on the genetic basis for UCA1 overexpression. We
identified a key mechanism: We discovered a dual mechanism for UCA1 expression upregulation in ovarian

cancer: genomic amplification (Figure 1) and stimulation by growth factors, including LPA (Figure 2).
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Our further analyses revealed that LPA-receptor sub-types (LPARI, LPAR2, and LPAR3) are capable of
stimulating UCA1 expression, with a significant attenuation upon their simultaneous silencing.

251 i Figure 3. Expression of UCAI by LPA,
LPAR, and gep oncogene. OV90, CaOV’3,

and OVCARS3 cells, after 24 hours of serum
starvation, were treated with 10 uM LPA
for 16 hours and analyzed for UCAI
expression via gqRT-PCR (Left Panel). In
X : parallel, SKOV3-ip cells were transfected
oo with siControl or siLPA1/2/3, stimulated

with LPA (10 uM) post-transfection, and

UCAI expression was quantified by RT-qPCR, normalized against GAPDH (Middle Panel). Additionally,
SKOV3-ip cells with overexpressed constitutively active Gal2 and Gal3 were analyzed for UCAI expression,
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compared to vector control cells (Right Panel).

Interpretation and Significance: Our finding that the increased expression of UCAIL in ovarian cancer
involves gene amplification as well as gene expression was crucial as it provided a genetic explanation for
UCA1 overexpression, laying the groundwork for understanding its regulatory functions in ovarian cancer. The
stimulation of UCA1 by growth factors like LPA suggests potential therapeutic targets. Inhibiting these
pathways could be a strategy to control UCA1 expression and its oncogenic effects. This suggests that targeting
the LPA pathway could be a viable strategy for modulating UCA1 expression, offering new insights into



therapeutic interventions. This suggests that targeting the LPA pathway could be a viable strategy for
modulating UCA1 expression, offering new insights into therapeutic interventions.

Aim 2. Define the mechanism by which UCA1 regulates oncogenic signaling:

Functional Interaction with miRNAs: We discovered that UCA1 functions as a competing endogenous RNA
(ceRNA), interacting with let-7 miRNAs (Figures 4A-E). This interaction quenches the activity of let-7
miRNAs, leading to increased expression of their target oncogenes, such as c-Myc and Ras.

Figure 4. Functional quenching of Let-
A e | 7 miRNA by UCAL. A. In silico analysis
oL S . 5 S " indicating the interaction between UCAI
\ Yy and Let-7 miRNA. B. Sequence analysis
%\ P of UCAI indicating the Let-7 interaction
p A\ 7 sites. In  silico analysis  derived
interaction of the different members of
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e - == == piotinylated UCAI in OVCARS lysates.
wor e——  D. Let-7 sensor (psiCHECK2-let-7 4x)
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ng of UCAl-expression construct for 48 hrs. Expression of Ras and cMyc, representative targets Let-7 miRNA
target proteins were monitored by immunoblot analysis. Results are from a typical experiment.
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Identification of UCA1-Targeted Tumor Suppressors: We have also identified and validated the interaction
of UCAI with polycomb repressive complex (PRC) proteins, including EZH2, Suz12, RinglA, and RinglB,
using crosslinking-immunoprecipitation (CLIP) assays. Further investigations expanded this interaction to other
PRC2 complex proteins like AEBP2, EED, JARID2, and RbAp46/48 (Figure 5). These results reinforce
UCAT1’s role in repressing tumor suppressor genes via interactions with multiple PRC family members.
1 Figure 5. UCAI interactions with PRC proteins. Crosslinked complexes
201 L were immunoprecipitated using IgG, or antibodies to H3K27me3, AEBP2,
EED, JARID2, or RbAp46/48 from OVCRS lysates. After the reversal of
3 the crosslinking, RNA was reverse transcribed and RT-gPCR was
" performed for the expression of UCAI. Fold enrichment (Fold) is
presented for the respective polycomb group of proteins with UCAI, in
comparison to the IgG control

1gG H3K27me3  IgG AEBP2 igG  EED 1gG JARID2 1gG RbAp

Figure 6. Changes of PRC-target protein
detected by RPPA. Top Panel. Heat map
of protein levels detected by RPPA. The
levels of each protein are presented with
colors, with red for highest and green for
lowest. Bottom Pane. Fold change in the
protein  levels are calculated and
presented with red for highest and green
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for lowest. RPPA analysis was carried out three times and the representative heat map is presented.

Employing an antibody array (RPPA) approach, we identified 18 tumor suppressor genes significantly repressed
by UCALI (Figures 6). This repression highlights UCA1’s role in promoting tumorigenesis in ovarian cancer.
The RPPA analysis provided a visual representation of the protein expression changes, underscoring UCA1’s
extensive regulatory impact.

Pathway and Network Analysis: Pathway analyses using Cytoscape software revealed that UCA1-targeted
tumor suppressors are predominantly involved in crucial biological processes and regulatory pathways,
including Notch and Hippo signaling. This novel finding positions UCA1 as a key regulator of Notch signaling
in ovarian cancer, a pathway previously known for its role in the disease but lacking a defined genetic activation
mechanism. Further network analysis our results indicated that for significant proteins (BRCA2, RARB, HESI,
and RUNX1) constituted major signaling
hubs underlying UCA1 effect on ovarian
cancer cell (Fig. 7).

Figure 7. UCAI targeted hub genes in
ovarian cancer cells.

To validate that these tumor suppressor
genes are indeed repressed by UCAL, we
analyzed the expression levels of these
proteins upon silencing. As shown in
Fig. 8, the silencing of UCA1 led to an
increase in the levels of RARB, HESI,
BRCA2, and RUNXI1. These tumor
suppressors, identified through RPPA
analysis, can serve as biomarkers for
disease progression or therapeutic
response. Targeting the pathways

leading to their repression could provide new therapeutic avenues.

Figure 8. Silencing of the UCAI increases the expression of RARB, BRCA2, HES1,
and RUNXI. OVCARS cells in which UCAI was silenced (siUCAI) along with non-
targeting sh-control cells (C) were serum lysed at 48 hrs following transfection of the =
SiRNAs. Expressions of RARB, BRCA2, HESI, and RUNXI were monitored by the

sequential immunoblots using the respective antibodies. Stripped blot was also probed e - =
with GAPDH to monitor equal levels of protein loading.

- RARB

BRCA2

. . X ”” RUNX1
Of the candidate genes suppressed by UCAI, deletions or decreased expressions c

TP53BP1, BRCA2, and NEFH are known to be associated with poOr prognosis an s s oo+
therapy resistance in ovarian cancer [14-18]. Therefore, we tested the expression of thes
genes in OVCARS and OVCAR3 cells independent of array results. To test the expressio..
of UCA1 was knocked down using two different siRNAs. The lysates were processed for the analyses of the
expression of TP53BP1, NEFH, or BRCA2. As shown in Figure 9 panel A and B, the silencing of UCA1 led to an
increase in the expression of TP53BP1, BRCA2, and NEFH, thus suggesting the role of UCALI in suppressing the
expression of these PRC1/2 targeted tumor-suppressor genes presumably via PRC1/2.

Cc siUCA1
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Figure 9. Knockdown of UCAI Relieves the Repression of Tumor Suppressor Genes. Upregulated expression of
representative tumor-suppressor genes upon silencing of UCAI was validated using OVCAR3 (A) and OVCAR3
(B) cells in which the expression of UCAI was silenced using two different siRNAs targeting UCAI. Cells
transfected with non-targeting scrambled siRNA pool were used as the control (SiCON). After validating the
silencing of UCAI with the respective siRNAs, upregulated genes were validated by monitoring the expression of
TP53BPI1, BRCA2, and NEFH by qRT-PCR. Statistical significance was determined by Student's t-test (**P <
0.005; ***P < 0.0005; ****P < (0.0001).

ChIRP-Seq Analysis for UCA1-Targeted Gene Identification: Through ChIRP-Seq analysis, we identified a
broad array of genes as potential UCAI targets in the chromatin of the cancer genome, suggesting UCA1’s
involvement in diverse pathways and processes linked to cancer. The high-density data derived from the ChIRP

sequencing is subjected to bioinformatic data analysis.

Statistics of Pathway Enrichment
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Investigation of UCA1 Interactomes and Spliceosome Regulation: Our research focused on identifying
therapeutic targets within the UCA1-regulated transcriptomic network in ovarian cancer, leading us to explore
UCAL's interactome in OVCARS cells, a high-grade serous ovarian cancer (HGSOC) cell line. We conducted
RNA-pulldown assays followed by liquid chromatography-mass spectrometry using biotinylated UCA1. Our
findings revealed that UCA1 associates with proteins critical for mRNA splicing. Using STRING and Cluster
algorithms for interactome analysis, we uncovered UCA1's potential role in activating oncogenic alternative
splicing (AS), which appears to promote ovarian cancer growth and progression (Figure 11). This was
particularly evident from the observed correlation between UCA1 expression and the altered ratio of MENA
(ENAH) splice variants: the anti-invasive MENAIlla and the pro-invasive MENAAlla/A6 (Figure 12).
Remarkably, UCA1 knockdown in OVCARS cells resulted in the increased expression of the anti-invasive
MENAI11a variant. In line with this, treatments using spliceosome inhibitors or MENA silencing reduced the
invasive potential of ovarian cancer cells. These results collectively highlight the UCA1-regulated AS switch as
a key driver in ovarian cancer progression, presenting it as a promising target for precision cancer therapies.

@® Cluster1 3 AQR,CCDC94,DHX15,DHX8,EFTUD2,EIF4A3, LSM7,LSM8 MFAP1,PHF5A, PRPF19,PR

X9, HNRNPLHNRNPR HNRNPU,ILF3 MATR3,MOV10,P TBP1,PTBP3S.

Figure 11. Protein-Protein Interaction Network of UCAI-
interacting  Proteins. A. Using web-based STRING
application, PPI network of the UCAI-interactome was
constructed. Clustering of the interactome was carried out
using MCL clustering algorithm. Clusters are color-coded. B.
the constituent proteins in the respective clusters are listed.

Alternative Splicing and Cancer Progression: A hallmark
discovery of our project has been the identification of UCA1's
involvement in alternative splicing, particularly impacting the
MENA gene. This finding underscores the complexity of
cancer progression and highlights UCA1's role in the post-transcriptional modification of key proteins.

Figure 12. Expression MENAIla upon silencing of UCAL

This figure displays the impact of UCAI silencing on the

expression of MENA splice variants in OVCARS cells, as
MENA  w— . = O0EWNE analyzed by Western blotting. B-actin is used as the loading
control. The experimental setup includes a scrambled siRNA
control (siCon) and two distinct UCAI-targeting siRNAs
(siUCAI#1 and siUCAI#2), illustrating the changes in
MENAI la expression post-UCAI silencing.
Therapeutic Targeting of Spliceosomes in ovarian cancer. Since our results indicated a role for UCA1 in
regulating the splicing switch in ovarian cancer cells, we sought to test whether small molecular inhibitors of
spliceosomes can be used to inhibit ovarian cancer growth. Previous studies have shown that small molecular
inhibitors of spliceosomes such as isoginkgetkin, pladienolide B, and indacaterol inhibits the growth of many
cancer cells [19, 20]. Therefore, we tested whether the inhibition of spliceosome activity can attenuate the
invasive migration of OVCARS. Our results indicated that all of the tested inhibitors attenuated the invasive
migration of OVCARS cells. However, pladienolide B that inhibits SF3B complex, more potently inhibited the
invasive migration of OVCARS cells (Figure 13).

siCON
siUCA1#1
siUCA1#2

B-Actin T D —



Figure 13. Effects of spliceosomal
inhibitors on migration of ovarian
cancer cells. OVCARS cells, which
were serum starved for 24h, was
suspended in 200ul (5x10¢ cells)
serum-free media and placed in the
upper well of the transwell insert.

Isoginkgetin Indacaterol Pladienolide B

100 100 100

" " " Each well of the companion plate
£ w & £ contained 500 uL media containing
fe “ S serum-free media (control) or serum-

2: 2: 2: free media with 10% FBS (control) or

Control 1uM 10uM 25uM Control 1uM 10uM 25uM Control 1nM_10nM 25nM Serum_f‘ree medl'a Wlth ]0% FBS

containing 1uM, 10uM or 25 uM each of Isoginkgetin or Indacaterol or InM, 10nM and 25nM of Pladienolide
B. The cells were incubated for 24 h. Non-migrating cells on the proximal side of the inserts were removed with
a cotton swab and the migrated cells on the distal side of the insert were fixed stained with Hemacolor. Images
were obtained of random fields of view at 4X magnification. The images shown are representative of the three
replicate fields. Migrated cells were quantified from six different fields at 20x magnification from each well and
averaged to three independent wells (mean + SEM; n = 3) and plotted as percent inhibition over control with
10%FBS in serum free media.

Similarly, shRNA to MENA drastically inhibited the invasive migration of OVCARS cells (Figure 14)

FBS (10%) siCON SsiIMENA

Figure 5. Effects of MENA on migration of ovarian
5 cancer cells. OVCARS cells were transfected with
4 SiRNA for MENA or scrambled siRNA control. After
3 24h of transfection, the cells were serum starved for
2 24h. Cells were then suspended in 200ul (5x10* cells)
! serum-free media and placed in the upper well of the
° transwell insert. Each well of the companion plate
contained 500 ul. media containing serum-free media
or serum-free media with 10% FBS. The cells were
incubated for 24 h. Non-migrating cells on the proximal side of the inserts were removed with a cotton swab
and the migrated cells on the distal side of the insert were fixed stained with Hemacolor. Images were obtained
of random fields of view at 4X magnification. The images shown are representative of the three replicate fields.
Migrated cells were quantified from six different fields at 20x magnification from each well and averaged to
three independent wells (mean £ SEM; n = 3) and plotted as fold change of migrated cells over control (siCON
cells in serum free media). SS denotes serum free media and FBS denotes serum free media with 10% FBS.

Fold change over control
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The successful inhibition of ovarian cancer cell invasiveness using spliceosome inhibitors highlights the
therapeutic potential of targeting the UCA1-spliceosome-MENA axis. This approach is a testament to the
effectiveness of precision medicine strategies in oncology. This finding paves the way for clinical trials testing
spliceosome inhibitors in ovarian cancer, offering a promising new treatment modality for patients with UCA1-
driven tumors.

Conclusion and Project Fulfillment:

Comprehensive Understanding of UCAL1's Role in Ovarian Cancer: Our project's journey to decode the role
of UCALI in ovarian cancer has led to several pivotal discoveries, each contributing to a holistic understanding
of this complex disease. One of the key aspects of this research was the implementation and analysis of Reverse
Phase Protein Array (RPPA), which significantly enriched our findings.

10



1. Elucidation of UCA1 Expression and Oncogenic Signaling: The dual mechanism driving UCALI
expression—genomic amplification and stimulation by growth factors, especially LPA—was a critical
discovery. Additionally, our insight into UCA1's modulation of let-7 miRNAs and its involvement in
alternative splicing, particularly affecting the MENA gene, has provided a nuanced understanding of
cancer progression.

2. Pioneering RPPA Analysis: The use of RPPA allowed for a high-throughput, quantitative analysis of
protein interactions and expression levels affected by UCAIL. Our findings from the RPPA analysis
revealed that UCA1 silencing relieved the repression of 18 key tumor suppressor genes. This
information is pivotal in understanding the epigenetic influence of UCA1 in ovarian cancer and
identifies potential markers for prognosis and therapy resistance.The RPPA analysis not only confirmed
our hypotheses about UCA1's role in gene expression regulation but also provided tangible targets for
future therapeutic interventions, underscoring the utility of this technology in cancer research.

3. Innovative Therapeutic Strategies and Epigenomic Mapping: The project has opened new avenues
in cancer treatment, particularly through the exploration of spliceosome inhibitors. Additionally, our
extensive epigenomic mapping via ChIRP-Seq analysis offers a comprehensive view of UCA1's impact
on the cancer genome.

4. Targeting the UCA1-Spliceosome-MENA Axis: Our studies with spliceosome inhibitors, informed by
the understanding of UCA1's role in mRNA splicing, have shown promising results in attenuating
ovarian cancer cell invasiveness. This approach exemplifies the potential of targeting specific molecular
pathways for cancer therapy.

5. Rich Resource for Future Research: The ChIRP-Seq analysis has provided an extensive dataset,
mapping UCAL1's influence across the cancer epigenome. This resource is invaluable for identifying
novel targets and understanding the broader implications of UCA1 in cancer biology.

Implications for Precision Medicine and Future Resarch: The cumulative findings of our project have
profound implications for precision medicine. By delineating UCA1's diverse roles, we have identified multiple
potential targets for personalized treatment strategies. Our research not only meets the project's objectives but
also serves as a catalyst for future explorations into targeted therapies and personalized medicine in ovarian
cancer.

Project Legacy and Future Directions: As we conclude, we reflect on a legacy marked by scientific discovery
and innovation. The methodologies and insights gained, especially through RPPA analysis, have not only
enhanced our understanding of ovarian cancer but also set a new standard for cancer research. The project lays a
foundation for future studies to build upon, with the ultimate goal of improving patient outcomes and advancing
the field of oncology. In summary, this project has achieved its objectives and more, significantly advancing our
understanding of ovarian cancer and opening new paths for treatment. The findings, particularly from the RPPA
analysis, represent a substantial contribution to cancer research, with lasting implications for future studies and
clinical practice.

4. IMPACT

This project has significantly advanced our understanding of UCA1 in ovarian cancer, from its regulation and
function to its potential as a therapeutic target. By bridging gaps in knowledge and introducing innovative
therapeutic strategies, the project has made substantial contributions to the fields of oncology and precision
medicine. The findings not only enhance the scientific community's understanding of IncRNA roles in cancer
but also offer hope for improved patient outcomes through more targeted and effective treatments.

What was the impact on the development of the principal discipline(s) of the project?
1. Dual-Regulation of UCA1: Our research uncovered a dual-regulation mechanism of UCA1 involving

gene amplification and growth factor stimulation. This key discovery enhances the understanding of
IncRNA regulation in ovarian cancer, offering new perspectives on its role in cancer biology.
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UCAI1-let7 Interaction: We demonstrated that UCA1 acts as a competing endogenous RNA,
modulating the activity of let-7 miRNAs. This interaction leads to the upregulation of oncogenes such as
c-Myc and Ras, providing insight into the molecular mechanisms of oncogenesis driven by IncRNAs.
RPPA Analysis - Pathways and Tumor Suppressors: Through Reverse Phase Protein Array (RPPA)
analysis, we identified critical pathways and tumor suppressors regulated by UCAI1. This has
significantly contributed to the understanding of how IncRNAs like UCA1 can influence key cancer-
related pathways and tumor suppressor genes.

ChiRP Sequencing Insights: Utilizing ChiRP sequencing, we explored the broader genomic impact of
UCALI, revealing its extensive role in the ovarian cancer epigenome. This comprehensive approach has
identified numerous potential targets for therapy and furthered our understanding of the genomic
landscape influenced by UCAL.

Alternative Splicing of MENA: Our findings on the alternative splicing of MENA, regulated by
UCALI, highlight a novel aspect of IncRNA function in cancer progression. This has implications for
developing targeted therapies aimed at splice variants influencing cancer cell invasiveness.

What was the impact on other disciplines?

1.

Advancement in Therapeutic Strategies in Oncology: The project's findings have significantly
contributed to the advancement of therapeutic strategies in the field of oncology. The demonstration of
siRNA and spliceosome inhibitors' effectiveness in targeting UCA1-regulated pathways supports the
development of novel, precise treatment modalities for ovarian cancer. The integration of our RPPA
analysis data has been instrumental in this context, revealing key proteins and pathways modulated by
UCA1, which can be targeted therapeutically.

Development of IncRNA-Targeted Therapies: We are currently developing innovative therapeutic
strategies targeting UCA1, including siRNA-UCA 1-encapsulated targeted nanoparticles. This approach
is based on our findings from RPPA analysis and epigenomic studies, which have identified specific
pathways and tumor suppressors regulated by UCA1. The outcomes of these studies could establish a
groundbreaking IncRNA-targeted therapeutic paradigm for ovarian cancer.

Alignment with Precision Medicine: Our research aligns with the evolving field of precision medicine,
aiming to offer patient-specific treatments informed by genetic, environmental, and lifestyle factors. The
discoveries concerning UCA1's dual-regulation, interaction with let-7 miRNAs, and the impact on
MENA's alternative splicing are pivotal in developing these targeted therapies. Furthermore, our ChiRP
sequencing data, revealing UCA1’s extensive role in the cancer epigenome, enriches our understanding
of its function and potential as a therapeutic target.

Broader Applications Beyond Ovarian Cancer: The potential of these therapeutic strategies extends
beyond ovarian cancer, offering valuable insights and frameworks applicable to other types of cancers
where IncRNAs play critical roles. Our comprehensive approach, combining RPPA analysis and cancer
epigenome studies, provides a template for exploring IncRNA functions and therapeutic targeting in
various cancer forms.

What was the impact on technology transfer?

Our research on UCAI's regulatory mechanisms holds significant promise for technology transfer,
particularly in the realm of RNA-based therapeutics. The knowledge gained about UCA1's function and
its network in ovarian cancer cells provides a valuable foundation for the development of new RNA-
based drugs.

Since Splicing Switch Oligonucleotides (SSO)-based therapeutics are being developed for the treatment
of many different diseases including cancer [21, 22], SSO based on UCA 1-target spicing sequence can

be developed for ovarian cancer therapy. Therefore, our studies will have a significant impact on
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technology transfer focused on the the development of new class of SSO-based therapeutics for ovarian
cancer.

The translational potential of these findings is vast, with the possibility of revolutionizing ovarian cancer
treatment protocols. These innovative therapeutic approaches, stemming from our understanding of
UCAT’s interactions and impact on gene expression, could be pivotal in treating other IncRNA-
influenced malignancies as well.

The integration of our findings into pharmaceutical development pipelines could lead to the creation of a
new class of therapeutics, bolstering the arsenal against cancer with more targeted and effective
treatments.

What was the impact on society beyond science and technology?

Our research has the potential to significantly enhance cancer treatment and patient care. By developing
therapies that are more targeted and specific to the molecular profile of a patient's cancer, we can reduce
the side effects often associated with conventional treatments.

The paradigm shift towards personalized and targeted cancer treatments, as evidenced by our project,
has immense implications for patient quality of life. By improving the efficacy of treatments and
minimizing collateral damage to healthy cells, these therapies could lead to better patient outcomes and
quicker recoveries.

The societal impact of these advancements is substantial. By reducing the physical, emotional, and
financial burden of cancer treatments on patients and their families, our research contributes to a more
sustainable and efficient healthcare system. The identification of UCA1 as a key target in ovarian cancer
treatment is a step forward in precision oncology, with the potential to transform the landscape of cancer
care and benefit society at large.

5. CHANGES/PROBLEMS:

Actual or anticipated problems or delays and actions or plans to resolve them

During the period of 2019 t0 2021, we were hampered drastically by the COVID-19 lock-down and the
departure of postdoctoral associates to their respective countries due to COVID-19 outbreak during this period
as well. However, we could resolve these issue through the recruitment of new research personnel during the
follwing.

Changes that had a significant impact on expenditures

Nothing to Report.

Significant changes in use or care of human subjects, vertebrate animals, biohazards, and/or select agents

Nothing to Report.

Significant changes in use or care of human subjects

Nothing to Report.

Significant changes in use of biohazards and/or select agents

Nothing to Report.
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Publications, conference papers, and presentations

Journal publications

Published:

1.

Ha JH, Jayaraman M, Yan M, Dhanasekaran P, Isidoro C, Song YS, Dhanasekaran DN. Identification of
GNA12-driven gene signatures and key signaling networks in ovarian cancer. Oncol Lett. 2021
Oct;22(4):719. doi: 10.3892/01.2021.12980. Epub 2021 Aug 10. PMID: 34429759 (Ref. [23]).

Federal support including this grant is acknowledged.

Ha JH, Jayaraman M, Yan M, Dhanasekaran P, Isidoro C, Song YS, Dhanasekaran DN. GNAi2/gip2-
Regulated Transcriptome and Its Therapeutic Significance in Ovarian Cancer. Biomolecules. 2021 Aug
14;11(8):1211. doi: 10.3390/biom11081211. PMID: 34439877 (Ref. [24]). Federal support including
this grant is acknowledged

Nadhan R, Dhanasekaran DN. Decoding the Oncogenic Signals from the Long Non-Coding RNAs.
Onco 2021, 1, 176-206. (Ref. [25]). Federal support including this grant is acknowledged.

Nadhan R, Isidoro C, Song YS, Dhanasekaran DN. Signaling by LncRNAs: Structure, Cellular
Homeostasis, and Disease Pathology. Cells. 2022 11:2517. doi: 10.3390/cells11162517. PMID:
36010595 (Ref. [26]). Federal support including this grant is acknowledged.

Nadhan R, Dhanasekaran DN. Regulation of Tumor Metabolome by Long Non-Coding RNAs. Journal
of Molecular Signaling. 2022; 16: 1, pp. 1-19. DOI: https://doi.org/10.55233/1750-2187-16-1 (Ref.
[27]). Federal support including this grant is acknowledged.

These publications are included under “Appendices”.

Under Revision for Resubmission:

1.

Ha JH, Radhakrishnan R, Jayaraman M, Yan M, Fung KM, Moxley KM, Sood AK, Isidoro C,
Bhattacharya R, Mukherjee P, Song YS, Dhanasekaran DN. Unraveling a GPCR-IncRNA-miRNA
Nexus: Identification of an Aberrant Therapeutic Target in Ovarian Cancer (Under revision for
resubmission to Science Advances).

This manuscript , which is under revision, is included under “Appendices.
Jayaraman M, Ha JH, Radhakrishnan R, Song YS, Bhattacharya R, Mukherjee P, Dhanasekaran DN.

Transcriptomic analysis of IncRNAs and mRNAs in ovarian cancer (Under revision for resubmission to
Cells).

Manuscript Under Preparation:

1.

Jayaraman M, Ha JH, Radhakrishnan R, Song YS, Dhanasekaran DN. Regulation of ovarian cancer
epigenome by UCAI. Jayaraman M, Ha JH, Radhakrishnan R, Song YS, Dhanasekaran DN.
Transcriptomic analysis of IncRNAs and mRNAs in ovarian cancer (Under revision for resubmission to
Biomolecules).

Nadhan R, Ha JH, Radhakrishnan R, Jayaraman M, Isidoro C, Bhattacharya R, Mukherjee P, Song Y,

Dhanasekaran DN. Oncogenic Splice-switching by the Long Non-coding RNA UCAI1 In Ovarian
Cancer (In preparation for submission to Cancer Communications).
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Books or other non-periodical, one-time publications.

1. Book Chapter: Nadhan R, Isidoro C, Song YS, and Dhanasekaran DN. Long non-coding RNAs in
Cancer, Handbook of Oncobiology: From Basic to Clinical Sciences. R. C. Sobti et al. (eds.), Springer
Nature Singapore Pte Ltd. 2023. https://doi.org/10.1007/978-981-99-2196-6_37-1. (Ref. [28]). Federal
support including this grant is acknowledged.

2. Published AACR Meeting Abstract: Nadhan R, Ha JH, Jayaraman M, Kashyap S, Dhanasekaran, DN.
Ovarian cancer cell-derived exosomal UCA1 reprograms glucose metabolism in stromal fibroblasts
[abstract]. In: Proceedings of the American Association for Cancer Research Annual Meeting 2023; Part
2 (Clinical Trials and Late-Breaking Research); 2023 Apr 14-19; Orlando, FL. Philadelphia (PA):
AACR; Cancer Res 2023;83(8_Suppl):Abstract nr LB039.

These publications are included under “Appendices”.

Other publications, conference papers, and presentations.

1.

“LncRNA UCA1 Regulation of Ovarian Cancer Genesis and Progression”, December 28, 2020;
Fifth Meeting of the International Society of Precision Cancer Medicine, Virtual Conference,
Seoul, S. Korea.

“GPCR, IncRNA, miRNA: An Emerging Pathological Alliance in Ovarian Cancer”, November
01, 2021; Winthrop P. Rockefeller Cancer institute, University of Arkansas Medical Center,
Little Rock, AR.

“LncRNAs and Spliceosomes”, November 12, 2021; Webinar on Non-Coding RNAs, Virtual
Conference, University of Novara, Italy.

“Oncogenic Splice-switching by LncRNAS in Ovarian Cancer”, September 28-30, 2022; 6th
Cancer World Congress, Lisbon, Portugal

“Ovarian Cancer Cell-derived Exosomal UCAI Reprograms Glucose Metabolism in Stromal
Fibroblasts”, April 15, 2023; AACR Meeting, Orlando, Florida.

“ExoLnc Signaling: Reprogramming Cancer Metabolism in the TME by UCA1”, October 5-7,
2023; First International Cancer Science Congress, Palermo, Italy.

“LncRNAs and Oncometabolism”, November 1-3, 2023; International Conference hosted by the
Journal of Traditional and Complimentary Medicine, Taipei, Taiwan.

Website(s) or other Internet site(s)

Nothing to Report.

Technologies or techniques

Nothing to Report.

Inventions, patent applications, and/or licenses

Nothing to Report.

Other Products

Data or databases

15


https://doi.org/10.1007/978-981-99-2196-6_37-1

7. PARTICIPANTS
What individuals have worked on the project?
No Change from previous annual submission:

Name: Dr. Danny Dhanasekaran

Project Role: Principal Investigator

Nearest person month worked: 1
Contribution to Project: Supervised the study.

Name: Dr. Kar-Ming Fung
Project Role: Co-Investigator
Nearest person month worked: 1

Name: Dr. Katherine Moxley
Project Role: Co-Investigator
Nearest person month worked: 1
Contribution to Project: Collaborator

Name: Dr. Jihee Ha
Project Role: Postdoc