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Simple Summary: Ovarian cancer is one of the deadliest cancers affecting women, primarily due to
its tendency to spread to the peritoneum, causing severe symptoms and making early detection
challenging. Despite advancements in surgery and chemotherapy, ovarian cancer remains difficult
to treat because of its high rates of recurrence and resistance, especially once metastasis occurs. This
has created an urgent need for more effective treatment strategies. The tumor microenvironment,
which includes various immune cells and signaling pathways like TGF-p, NF-xB, and
PI3K/AKT/mTOR, plays a crucial role in promoting the spread of ovarian cancer. Understanding how
these pathways interact within the tumor microenvironment can aid in the development of targeted
therapies to improve patient outcomes. This review includes the complex mechanisms driving
metastatic ovarian cancer and highlights the potential for immunotherapy to enhance treatment
options.

Abstract: Ovarian cancer is the leading cause of cancer-related death among women, which ranks as
the eighth most common gynecological cancer. Although several cytoreductive surgeries and
chemotherapies have been attempted to address ovarian cancer, the disease still shows poor
prognosis and survival rate due to prevalent metastasis. Peritoneal metastasis is recognized as the
primary route of metastatic progression in ovarian cancer, leading to severe symptoms in patients
and is generally difficult to detect at an early stage. Current anti-cancer therapy is insufficient to
completely treat ovarian cancer, particularly in cases where the disease has progressed to metastasis,
due to its high rates of recurrence and resistance. Therefore, it is imperative to develop effective
strategies for treating metastatic ovarian cancer. Given that various signaling pathways, including
TGF-, NF-kB, and PI3K/AKT/mTOR pathways, influence cancer progression, their interactions
within the tumor microenvironment (TME) are particularly significant. TME plays a critical role in
driving metastatic features in ovarian cancer through altered immunologic interactions. Recent
therapeutic advances have focused on targeting these distinct features to improve treatment
outcomes. Deciphering the complex interaction between signaling pathways and immune
populations contributing to metastatic ovarian cancer provides an opportunity to enhance anti-
cancer efficacy. Hereby, this review highlights the mechanisms of signaling pathways in metastatic
ovarian cancer and immunological interactions to understand improved immunotherapy against
ovarian cancer.

Keywords: ovarian cancer; peritoneal metastasis; tropism; signaling pathway; tumor
microenvironment; immunotherapy

1. Introduction

Ovarian cancer (OC) is one of the most common gynecologic cancers and has the highest
mortality rate due to prevalent malignant metastasis [1]. A hallmark of OC metastasis is its

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202501.2085.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 January 2025 d0i:10.20944/preprints202501.2085.v1

2 of 16

preferential spread to the peritoneal cavity, a process referred as peritoneal metastasis [2]. Unlike
hematogenous dissemination common in other cancers, OC cells dissociate form the primary tumor,
persist within the ascitic fluid, and adhere to the mesothelial layer of the peritoneum [3]. This process
is facilitated by versatile interactions between tumor cells and the peritoneal microenvironment,
including mesothelial cells, immune infiltrates, and extracellular matrix (ECM) components [4,5].
These metastatic mechanisms make peritoneal dissemination an important contributor to the poor
prognosis of OC [5]. Despite continuous developments in diagnostic techniques, surgical
interventions, and the advancement of therapeutic approaches, the five-year survival rate for OC
remains unsatisfactory [6]. Currently, standard treatment, which combines maximal cytoreductive
surgery and postoperative platinum-based chemotherapy, frequently leads to high recurrence rates
and limited long-term benefits [7,8]. Moreover, the cumulative toxicity of chemotherapy often results
in severe adverse effects, further deteriorating patient outcomes [9]. Considering these challenges, it
is crucial to develop advanced therapeutic strategies targeting metastatic OC [10].

Metastatic OC arises from intricate signaling networks that not only regulate tumor progression
but also confer resistance to existing treatments [11,12]. The transforming growth factor-f3 (TGF-3)
pathway exerts contrasting roles in OC pathogenesis, serving as a tumor suppressor in the initial
stages of the disease while adopting tumor-promoting characteristics in advanced metastatic stages
[13]. Loss of tumor-suppressive TGF-f3 signaling promotes epithelial-to-mesenchymal transition
(EMT), a critical process in peritoneal dissemination and metastasis [14]. In chemoresistant OC cells,
TGF-B signaling is often impaired, particularly through the disruption of suppressor of mothers
against decapentaplegic 3 (SMAD3) phosphorylation, reducing its tumor-suppressive effects [15].
Beyond its canonical SMAD-mediated pathway, TGF-{ activates non-SMAD pathways, such as
phosphoinositide 3-kinase (PI3K)/protein kinase B (AKT)/mammalian target of rapamycin (mTOR)
and mitogen-activated protein kinase (MAPK)/extracellular signal-regulated kinase (ERK) cascades,
which are essential for sustaining tumor cell survival, proliferation, and invasive traits [16-18].
Notably, the hyperactivation of the PI3K/AKT/mTOR axis is a representative feature of OC, resulting
in chemoresistance by enhancing cellular growth, metabolic reprogramming, and autophagy [19,20].
This multifaceted participation of signaling transductions highlights its therapeutic significance in
managing OC progression. The nuclear factor of kappa-light chain of enhancer-activated B cells (NF-
kB) pathway also plays a pivotal role in OC metastasis by building the immunosuppressive tumor
microenvironment (TME) [21]. Tumor-associated macrophages (TAMs) release tumor necrosis
factor-alpha (TNF-a), creating a positive feedback loop that sustains NF-«B activation [22]. It
promotes tumor metastasis, immune evasion, and cancer stem cell proliferation [23]. Elevated NF-kB
signaling correlates with increased tumor aggressiveness and poor clinical outcomes, indicating the
potential of signaling pathway as a therapeutic target. Concertedly, it is sophisticated that the critical
roles of TGF-, NF-«kB, and PI3K/AKT/mTOR signaling transductions in inducing metastatic
progression and resistance in OC, underlining the desire for improved therapeutic strategies
targeting these networks.

Although immunotherapy has rapidly evolved as an anti-cancer treatment, its efficacy in OC
has been limited, with clinical trials often reporting suboptimal response rates [24]. Conventional
immunotherapy such as immune checkpoint inhibitor fails to adequately overcome the
immunosuppressive barriers established by the OC TME [25]. It has prompted interest in
combination therapies that integrate immunotherapy with targeted inhibitors of major signaling
pathways including TGF-3, NF-xB, and PI3K/AKT/mTOR. Such approaches aim to disrupt the pro-
metastatic and immunosuppressive signaling networks while enhancing anti-tumor immune
responses [26].

In this review, we discuss the molecular mechanisms associated with OC metastasis, focusing
on the vital signaling pathways that produce tumor progression and therapeutic resistance.
Furthermore, this paper explores emerging strategies to address these pathways, with an emphasis
on combination therapies that is promising for overcoming the present limitations of current
treatments.
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2. Ovarian Cancer Tropism

OC is characterized by its unique tropism and metastatic behavior, leading to poor survival and
high recurrence rates. Understanding tropism in cancer cells provides valuable insights into the
mechanisms of metastasis, particularly in explaining why cancer cells preferentially metastasize to
specific organs [27]. Metastatic organotropism is regulated by molecular signaling pathways, tumor-
intrinsic factors, and interactions with the TME [28]. OC metastasis often spreads from the primary
tumor site to adjacent organs through three major routes: transcoelomic, lymphatic, and
hematogenous dissemination [2] (Figure 1). Transcoelomic metastasis, facilitated by peritoneal fluid
or ascites, is known to be predominant [29]. Due to the proximity of the peritoneal cavity to the
ovaries and the absence of a physical barrier between the tumor and the peritoneum, this provides a
preferential route for metastasis to the omentum or peritoneum [2]. Lymph nodes connected to tumor
vascularization can act as drainage sites for cancer cells, allowing them to shed, circulate, and spread
via the lymphatic system [30]. Hematogenous metastasis is the least common route of OC
dissemination and is associated with the presence of circulating tumor cells in the bloodstream.
However, the lack of effective methods for detecting circulating tumor has hindered a comprehensive
understanding of the mechanisms underlying hematogenous spread [31].

Hematogenous metastasis
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Figure 1. Mechanisms of ovarian cancer tropism. OC metastasizes through multiple routes, including
transcoelomic, hematogenous, and lymphatic dissemination. Transcoelomic metastasis involves the direct
spread of cancer cells to the peritoneal cavity, where they attach to the mesothelial lining. Hematogenous
metastasis occurs when CTCs enter the bloodstream, enabling distant organ dissemination. Lymphatic
metastasis implies cancer cells spreading via lymphatic vessels. The TME comprises CAFs, MSCs, Tregs,
immune cells, and mesothelial cells, which overall contribute to tumor progression and immune evasion. They
play important roles in promoting metastasis through interactions within TME. OC, ovarian cancer; CTC,
circulating tumor cell; CAFs, cancer-associated fibroblasts; MSCs, mesenchymal stem cells; Treg, regulatory T

cell; TME, tumor microenvironment.

As mentioned above, peritoneal metastasis accounts for the majority of OC cases and involves
specific processes, including separation from the primary tumor, spread to the peritoneum,
colonization, and progression into metastatic tumors in the peritoneum [32]. The peritoneal
membrane, composed of epithelial-like peritoneal mesothelial cells (PMCs) supported by an ECM-
rich stroma, can play an essential role in tumor colonization [33]. This process is driven by integrins
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and ECM remodeling , which provide essential metabolic substrates, along with the immune
landscape of the peritoneal cavity that shapes the metastatic niche [2,34]. The peritoneal immune
microenvironment is dominated by cancer-associated fibroblasts (CAFs), TAMs, regulatory T cells
(Tregs), and myeloid-derived suppressor cells (MDSCs), all of which contribute to
immunosuppression [35,36]. CAFs contribute to OC peritoneal metastasis by promoting immune cell
recruitment, ECM remodeling, and the secretion of cytokines and chemokines that rebuild the TME.
In malignant ascites, CAFs express certain genes related to immune system, such as complement
factors, chemokines (e.g.,, CXCL1/2/10/12), and cytokines (e.g., IL6, IL10), which subsequently
enhance tumor formation, invasion, and progression through the activation cadherins and integrins
[36]. TAMSs in ascites facilitate tumor progression via ECM degradation, angiogenesis, and immune
evasion through cytokine secretion such as IL-10 and TGF-{ [37]. Tregs suppress cytotoxic T-cell
activity of immune effector cells, thereby enabling tumor survival and proliferation [38]. Therefore,
these immune populations generally induce a permissive environment that facilitates peritoneal
metastasis. Given that OC exhibits versatile immune dysregulation and metastatic organotropism, it
is required to elucidate the pivotal role of various signaling pathways regarding OC tropism and
metastasis. Additionally, this understanding can offer potential therapeutic targets for addressing
peritoneal metastasis.

3. Metastatic Signaling Pathways in Ovarian Cancer

The metastatic progression of OC is regulated by a complex network of signaling pathways
related to EMT, immune evasion, and tumor development [39]. EMT, a hallmark of metastasis,
enables epithelial cancer cells to acquire mesenchymal traits that promote their mobility and
invasiveness [40]. This process is closely correlated with immune regulation and metabolic
reprogramming within the TME, further reinforcing the metastatic potential of cancer cells [41].
Given that EMT is essential for cancer cells to migrate and settle in distant sites such as peritoneum,
understanding EMT-associated signaling pathways is critical for unraveling the mechanisms of
peritoneal dissemination in OC.

3.1. TGF-B Signaling Pathway

The TGF-3 family plays a dual role in tumorigenesis, acting as a tumor suppressor in the early
stages and as a promoter of metastasis in advanced stages [13]. In OC, TGF-3 signaling functions as
an early EMT inducer that regulates cancer cell metastasis and development [42]. EMT provides
metastatic characteristics through the reversible transition of epithelial cells into mesenchymal cells.
This process is characterized by the downregulation of transcriptional epithelial markers, such as E-
cadherin, and the upregulation of mesenchymal markers, such as N-cadherin and vimentin [43]. TGF-
f can impair the immune responses of NK cells, cytotoxic T lymphocytes (CTLs), and CD8* T cells,
allowing cancer cells to evade immune surveillance [44]. Within the TME, activated TGF-{ signaling
polarizes macrophages and neutrophils into TAMs, further facilitating immune evasion. Beyond
immune suppression, TGF-f3 induces CAFs, which recruit tumor-promoting factors that, in turn,
accelerate cancer progression [17]. TGF-B also contributes to tumor invasion and migration by
promoting the detachment of OC cells from the primary tumor, especially in the absence of TGF-f3
receptors and SMAD proteins [17,44]. Stimulated TGF-3/SMAD signaling enhances peritoneal
invasion through the secretion of matrix metalloproteinases (MMPs), which degrade the ECM and
enable cancer cells to invade surrounding tissues [45]. Additionally, MMPs activate various growth
factors in the ECM, contributing to tumor proliferation and angiogenesis [46]. Importantly, TGF-f3-
induced EMT through both SMAD and non-SMAD pathways is a canonical process in metastasis, as
it produces transcription modulators such as SNAIL, ZEB, and TWIST and triggers other EMT-
related signaling pathways [47]. TGF-3/SMAD signaling also enhances the PI3K/AKT pathway,
promoting cancer invasion and migration [48]. Furthermore, the MAPK cascade is activated,
contributing to tumorigenesis as dephosphorylation of SMAD at the MAPK site reduces its nuclear
stability and activity, counteracting the tumor-suppressive effects of TGF-3 [48]. The interaction
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between OC and its EMT induced by TGF-3 not only enhances cellular invasiveness but also
suppresses immune responses, and thus understanding the pivotal mechanisms underlying this
process is crucial for identifying therapeutic targets aimed at the metastatic downstream pathways
in OC.

3.2. NF-xB Signaling Pathway

The NF-«xB pathways is a central regulator of inflammation, cell survival, and proliferation,
playing a critical role in driving cancer metastasis, including OC dissemination and peritoneal
metastasis [49]. NF-kB contributes to tumorigenesis in various way. When damaged DNA strands
are detected, NF-kB promotes tumorigenesis by activating mutagenic enzymes, such as cytidine
deaminase, which induces mutations by converting cytosine to thymine during cell cycle progression
[49]. These mutations provide cancer cells with the genetic plasticity required for adaptation and
survival [50]. Furthermore, NF-kB promotes EMT by regulating EMT-associated transcription
factors, such as SNAIL and TWIST, thereby enhancing the migratory capacity and stemness of cancer
cells [51]. In addition, NF-kB drives the secretion of cytokines such as vascular endothelial growth
factor (VEGF) and TGF-p. VEGF induces angiogenesis and vascular remodeling, enabling cancer cells
to disseminate into the peritoneum. Concurrently, TGF-{3 upregulates metastatic genes and MMPs,
amplifying ECM remodeling and enhancing hypoxic conditions that support tumor progression
[49,52]. This dual function establishes a pro-tumorigenic environment that facilitates OC metastasis.
Within the TME, NF-«B signaling is activated by pro-inflammatory cytokines such as TNF-a and IL-
1B, which are prevalent in the peritoneal microenvironment. This persistent activation triggers NF-
kB-driven inflammatory responses and cytokine production, maintaining a TME conducive to
immune evasion, angiogenesis, and ECM remodeling, collectively driving ovarian cancer metastasis
[53]. Additionally, NF-kB signaling in the TME fosters immune evasion by polarizing macrophages
into TAMs and inducing CAFs, both of which facilitate peritoneal dissemination [54,55]. Thus, NF-
kB signaling interacts with EMT-associated transcription factors, further serving the metastatic
potential of OC.

3.3. PIBK/AKT/mTOR Signaling Pathway

The PI3K/AKT/mTOR pathway is frequently dysregulated in OC, , playing a significant role in
cell survival, proliferation, resistance to apoptosis, and chemotherapeutic resistance [56]. Malfunction
in this pathway supports tumor growth and adaptability, particularly under the metabolic and
immune pressures of the OC TME [57]. Key aberrants alteration in OC include PIK3CA amplification
as well as PTEN loss through deletion or epigenetic silencing [57]. Studies have demonstrated that
components of this pathway, such as phosphorylated AKT and mTOR-associated proteins, are highly
expressed in aggressive tumors and are associated with poor prognosis [20]. The PI3K/AKT/mTOR
signaling also influences immune interactions and promotes tumor progression within the TME [58].
In high-grade OC, CAFs release hepatocyte growth factor (HGF), activating the PI3K/AKT axis to
enhance OC proliferation, including integrin-mediated interactions [59]. It motivates tumor cell
adhesion to the mesothelial lining of the peritoneum, a crucial step in initiating peritoneal metastasis
[60]. Subsequently, genetic alterations such as mutations or upregulated in PIK3CA, AKT1, and
mTOR are significantly observed in OC, underscoring their role in promoting oncogenic signaling
[20,61]. Moreover, it facilitates metabolic reprogramming, enabling cancer cells to effectively utilize
lipids from omental adipocytes as a primary energy source, a pivotal process for their survival under
nutrient-deprived conditions [62,63]. Furthermore, the PI3K/AKT/mTOR pathway regulates
angiogenesis by enhancing VEGF expression, which ensures nutrient supply while supporting the
formation of blood vessels and oxygen delivery to establish secondary metastatic sites [64]. The
activation of AKT directly stabilizes SNAIL, a master regulator of EMT, and promotes the
suppression of E-cadherin, thereby reinforcing mesenchymal traits [40]. The role of PI3K/AKT/mTOR
in modulating immunoreaction, including the suppression of cytotoxic T cell responses and
recruitment of immunosuppressive TAMs, further contributes to OC progression and metastasis [58].
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Therefore, the PI3K/AKT/mTOR pathway is involved in EMT-related pathways in cancer cells,
controlling cytoskeletal reorganization, enhanced cellular motility, and tumor aggressiveness which
are hallmarks of metastatic competence [20,65].

Understanding the metastatic signaling pathways in OC provides a detailed perspective into the
molecular mechanisms regarding peritoneal metastasis. Overall, TGF-8, NF-«xB, and
PI3K/AKT/mTOR pathway closey cooperate within TME as a complex network, influencing EMT,
cell proliferation, and immune evasion (Figure 2). Therefore, targeting these pathways has the
potential to disrupt the metastatic cascade and improve clinical outcomes for OC patients.
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Figure 2. Key signaling pathways involved in ovarian cancer metastasis. It illustrates the molecular interactions
among major signaling pathways driving OC metastasis, including TGF-f, NF-kB, and PI3K/AKT/mTOR
pathways. Upon activation, TGF-{3 receptors phosphorylate SMAD proteins, which then associate with SMAD4
and translocate to the nucleus to regulate gene expression, enhancing EMT, angiogenesis, and metastasis.
SMAD? acts as a negative regulator, inhibiting this signal. RTKs and TGF-f3 activate PI3K, leading to the
generation of PIP3 and the recruitment of AKT. Stimulated AKT phosphorylates downstream targets, including
mTOR complexes, which modulate cell growth, proliferation, and survival via effectors like 4EBP-1 and S6K-1.
PTEN negatively regulates this pathway by dephosphorylating PIP3. Crosstalk between the PI3K/AKT and NF-
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kB pathways amplifies metastatic processes. AKT activation facilitates NF-kB signaling by promoting the
phosphorylation and degradation of kB, releasing the p50/p65 complex for nuclear translocation. This cascade
controls the expression of genes involved in inflammation, immune evasion, EMT, and stemness. OC, ovarian
cancer; TGF-p, transforming growth factor-3; NF-kB, nuclear factor of kappa-light chain of enhancer-activated
B cells; PI3K, phosphoinositide 3-kinase; AKT, protein kinase B; mTOR, mammalian target of rapamycin; RTK,
receptor tyrosine kinase; PIP2, phosphatidylinositol 4,5-bisphosphate; PIP3, phosphatidylinositol (3,4,5)-
triphosphate; PTEN, phosphatase and tensin homolog; INPP4B, inositol polyphosphate 4-phosphatase B; PDK1,
phosphoinositide-dependent protein kinase 1; SMAD, suppressor of mothers against decapentaplegic; MEK,

mitogen-activated protein kinase; ERK, extracellular signal-regulated kinase.

4. Therapeutic Applications for Ovarian Cancer Metastasis

Despite advancements in immunotherapy, the clinical management of metastatic OC remains
challenging mainly due to the immunosuppressive TME of OC [66]. Currently, solely use of antibody
targeting cytotoxic T lymphocyte-associated protein 4 (CTLA-4) or programmed cell death (PD-
1)/programmed cell death ligand (PD-L1) has shown limited efficacy in OC along with poor outcomes
[67]. Thus, it is urged to develop advanced treatment strategies, such as combination of traditional
immunotherapy with other anti-cancer treatments.

4.1. Recent Advanced Combination Immunotherapy in Ovarian Cancer Metastasis

Recent studies on NK cell therapy using oncolytic viruses demonstrated a promising anti-cancer
immune reaction [68]. While TGF-{3 in ascites exhibits immunosuppressive effect in OC, the proper
function of NK cell is compromised by downregulation of NK cell activating receptors [69]. Therefore,
recent research has focused not only on the direct killing of cancer cells but also boosting immune
cell activity. Oncolytic viruses infect cancer cells and stimulate "danger signals," which help construct
an immunogenic TME and regulate inflammatory and immunomodulatory cytokines with
transduction molecules [70]. According to studies with experimental cancer models, vesicular
stomatitis virus (VSV) and reovirus, both recombinant oncolytic viruses, have successfully induced
NK cell activation, resulting in an increased survival rate in peritoneal OC models compared to
single-agent therapies [68]. Notably, among the two viruses, infection of VSV enhanced antigen
presentation capabilities and activation of IFN-y generating NK, CD8*, and CD4* T cells which
accelerated anti-cancer immune response [68]. As a result, combination therapy of oncolytic virus
and NK cell immunotherapy presents potential for targeting metastatic cancer more effectively than
conventional monotherapy.

Several clinical trials are underway to address the challenges of OC metastasis. IMagyn050
(NCT03038100) evaluated the efficacy of atezolizumab, a PD-L1 inhibitor, in combination with
chemotherapy and bevacizumab in stage 3/4 OC patients [71,72]. Unfortunately, it has no statistically
significant changes of progression-free survival in PD-L1 positive patients [71]. While this clinical
trial has not demonstrated remarkable outcomes, it is still ongoing in phase 3, integrating immune
checkpoint inhibitors, and no severe side effects have been reported so far. LY2157299 (galunisertib)
is a small molecule TGF-f inhibitor which targets type I receptor (TRI) with decreased toxicity and
adverse effect [73]. A phase Ib trial (NCT03206177) is currently investigating the combination therapy
of galunisertib with paclitaxel and carboplatin, well-known chemotherapeutic agents, against
recurrent or newly diagnosed OC [74].

Bintrafusp alfa (BA) is a cutting-edge dual blockade of TGF-f3 and PD-L1, demonstrating the
anti-tumor efficacy on metastatic OC by promoting tumor-infiltrating CD8* T cells and provoking the
immune response within the TME [75]. As reported in the study using the mouse models, BA
treatments markedly hampered the ascites development, generated inflammatory cytokines, and
thus prolong long-term survival [76]. This effect is attributed to the increased expression of CD4 and
CD8 T effector memory cells and NK cells in the peritoneum [76]. In addition to BA, other dual
blockades targeting signaling pathways and immunogenic factors are being explored for metastatic
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OC. This approach shows promise, given the multifaceted roles of metastatic signaling pathways
discussed above.

4.2. Signaling Pathway Targeted Therapy in Ovarian Cancer Metastasis

Given the limitations of current immunotherapy in effectively managing metastatic OC and its
recurrence, there is a growing interest in targeting specific pathways that play a pivotal role in tumor
progression and the immunosuppressive TME. By integrating signaling pathway inhibitors with
present immunotherapeutic approaches, researchers aim to overcome resistance mechanisms and
enhance anti-cancer efficacy.

A-83-01is an inhibitor of the TGF-{3 which effectively repress transcriptional alterations occurred
by TGF-p1 [77]. A-83-01 treatment enable to reverse EMT-gene expression pattern and inhibit MMP2
and phosphorylated SMAD?2, along with restraining platelet-induced invasion [78]. The in vitro study
revealed that A-83-01 is more effective at reducing cell motility, invasion, and adhesion than cell
proliferation, suggesting its potential as a combination therapy with immunotherapies that target cell
proliferation. Additionally, A-83-01 has demonstrated anti-tumor efficacy and improved survival
rates in vivo [77]. Cordycepin (3’-deoxyadenosine) is a well-established polyadenylation inhibitor
with diverse capabilities, including anti-proliferative, anti-inflammatory, and anti-cancer activities as
well as immune-activation properties [79].  The study elucidated that cordycepin is related to
CCL5-regulated AKT/NF-kB signaling transduction in OC. AKT inactivation by downregulated
CCLS5 via cordycepin induced apoptosis of OC cells and suppressed expression of nuclear NF-«B [79].
In addition, cordycepin influenced OC cell growth and autophagy in vitro [80]. CMGO002, a
P13K/mTOR bifunctional inhibitor, can be synergized with paclitaxel or cisplatin and has shown
prominent tumor reduction , particularly in chemoresistant OC [81]. It restrained the cancer cell
proliferation and provoked apoptosis and G1 cell cycle arrest, suggesting its potential for managing
chemoresistant OC [82]. Notably, CMGO002 exhibits stronger anti-cancer activity at lower
concentrations compared to other PI3K/mTOR inhibitors and re-sensitizes chemoresistant cells to
paclitaxel or cisplatin [81,82]. Additionally, the PI3K inhibitor BKM120, when combined with the poly
(ADP-ribose) polymerase (PARP) inhibitor Olaparib, exhibited therapeutic effects by blocking cell
proliferation, cell growth, migration, and invasion of PIK3CA mutant OC cells. This combination also
regulated intraperitoneal dissemination in vivo [83]. Lastly, the mTOR kinase inhibitor CC223 caused
the degradation of mMTORC1 and mTORC2 complexes, effectively preventing tumor cell proliferation
[84]. It also increased reactive oxygen species (ROS) production , thereby inhibiting tumor growth
within the intraperitoneal cavity [82,84].

Comprehensively, signaling pathway-targeted therapies, when combined with
immunotherapy, present a promising approach to addressing the challenges of metastatic OC (Table
1). By modulating metastatic pathways such as TGF-3, NF-xB, and PI3K/AKT/mTOR signaling,
which are involved in tumor progression and metastasis, these combination strategies have the
potential to improve clinical outcomes and provide durable responses for OC patients with fewer
adverse effects.

Table 1. Therapeutic approaches in Ovarian cancer metastasis.

Related Signaling .
Type of Therapy pathway Drug Function Reference
NK cell therapy  Infect cancer cells to enhance immune response and [68]
with oncolytic virus anti-tumor effect
Combinati - IMAgyn050 Target PD-L1 (atezolizumab) with bevacizumab [87]
ombination o ; ;
immunotherapy TGF-p LY2157299 S;r;ggpri;cgicule TGF-B inhibitor with paclitaxel and 73]
. Block both TGF-{3 and PD-L1 to promote immune
TGE-B Bintrafusp alfa reaction including CD4, CD8, and NK T cells [75]
Signaling TGF-p A-83-01 Suppress EMT, MMP2, and pSMAD?2 to regulate cell [77.78]

pathway invasion and adhesion
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targeted Modulate cell proliferation, infl ti ti-
argete AKT/NF-kB Cordycepin odulate cell proliferation, inflammation, anti [79]
therapy cancer effect as a polyadenylation inhibitor

PI3K/mTOR CMGO02 ir}llci;cjrzgzggzs and G1 cell cycle arrest to address (82]

Repress cell growth, migration, and invasion with
PI3K BKM120 PARP inhibitor Olaparib [83]
MTOR CcCan3 Degrade mTORC complexes to inhibit cell [82,84]

proliferation and upregulate ROS generation
IMagyn050, NCT03038100; LY2157299, galunisertib, NCT03206177; TGF-f, transforming growth factor-{3; NF-
kB, nuclear factor of kappa-light chain of enhancer-activated B cells; PI3K, phosphoinositide 3-kinase; AKT,

protein kinase B; mTOR, mammalian target of rapamycin; PD-L1, programmed cell death ligand; EMT,
epithelial-to-mesenchymal transition; NK, natural killer; MMP, matrix metalloproteinases; pSMAD,
phosphorylated suppressor of mothers against decapentaplegic; PARP, poly (ADP-ribose) polymerase; ROS,

reactive oxygen species.

5. Conclusions and Perspective

OC remains a significant clinical challenge due to its high metastatic potential, complex signaling
pathways, and the immunosuppressive TME. Deciphering the mechanisms related to OC metastasis,
particularly though TGF-f, NF-kB, and PI3K/AKT/mTOR signaling transduction, is crucial for
developing effective therapeutic strategies. These pathways contribute to EMT, immune evasion, and
tumor progression, facilitating the dissemination of OC cells to distant regions, especially the
peritoneum. Furthermore, despite versatile immunotherapeutic approaches, the OC TME diminishes
the effectiveness of conventional therapies. Within malignant ascites, cancer cells evade immune
process by correlation between immune cells and tumor, leading to EMT and chemoresistance [85].
The compromised function of cytotoxic effector T cells weakens both innate and adaptive immunity,
reinforcing the immunosuppressive characteristics of OC [86]. As a result, metastasis is exacerbated,
and traditional therapies are hindered.

Recent advances in combination therapies targeting both signaling pathways and the immune
system, such as oncolytic virus therapy, NK cell therapy, and immune checkpoint inhibitors, hold
promise for overcoming these challenges Additionally, as the aforementioned signaling pathways
serve as key modulators in metastasis, combination therapies are anticipated to exhibit synergistic
effects against metastatic OC. These approaches are expected to improve clinical outcomes by
disrupting the metastatic cascade, reducing recurrence, and providing more durable responses with
fewer side effects. Further research is required to optimize these therapies to maximize their long-
term effects on patient outcomes. Also, signaling pathways are not only involved in specific
tumorigenic processes but are also intricately interconnected, exerting complex effects. Thus,
identifying molecules to inhibit these pathways requires delicate consideration, as targeting one
pathway may inadvertently affect others, potentially causing undesirable consequences. In summary,
addressing the complex networks of metastasis, immune evasion, and tumor progression offers a
promising strategy to improve the prognosis and survival of OC patients. Therefore, this review
highlights the mechanisms of OC metastasis and the major pathways involved, demonstrating how
targeting these pathways presents a promising approach to combating OC metastasis.

Author Contributions: SC mainly designed and wrote the manuscript; SC and M] wrote the manuscript; HY
supervised, organized, and wrote the manuscript; all authors revised the manuscript. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was supported by the Catholic University of Korea, Research Fund, 2022 (#
M2022B00080009) and the Ministry of Food and Drug Safety in Korea (22213MFDS421).

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

The following abbreviations are used in this manuscript:


https://doi.org/10.20944/preprints202501.2085.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 January 2025 d0i:10.20944/preprints202501.2085.v1

10 of 16

TME Tumor microenvironment

ECM Extracellular matrix

TGF- Transforming growth factor-3

EMT Epithelial-to-mesenchymal transition
SMAD Suppressor of mothers against decapentaplegic
PI3K Phosphoinositide 3-kinase

mTOR Mammalian target of rapamycin

MAPK Mitogen-activated protein kinase

ERK Extracellular signal-regulated kinase

NF-«B Nuclear factor of kappa-light chain of enhancer-activated B cells
TAMs Tumor-associated macrophages

TNF-a Tumor necrosis factor-alpha

PMCs Peritoneal mesothelial cells

CAFs Cancer-associated fibroblasts

Tregs Regulatory T cells

MDSCs Myeloid-derived suppressor cells

NK Natural killer

CTLs Cytotoxic T lymphocytes

MMPs Matrix metalloproteinases

VEGF Vascular endothelial growth factor

HGF Hepatocyte growth factor

CTLA-4 Cytotoxic T lymphocyte-associated protein 4
PD-1 Programmed cell death

PD-L1 Programmed cell death ligand

VSV Vesicular stomatitis virus

TPRI TGEF-{ receptor type I

BA Bintrafusp alfa

PARP Poly (ADP-ribose) polymerase

ROS Reactive oxygen species

CTIC Circulating tumor cell

MSCs Mesenchymal stem cells

RTK Receptor tyrosine kinase

PIP2 Phosphatidylinositol 4,5-bisphosphate

PIP3 Phosphatidylinositol (3,4,5)-triphosphate
PTEN Phosphatase and tensin homolog

INPP4B Inositol polyphosphate 4-phosphatase B
PDK1 Phosphoinositide-dependent protein kinase 1
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