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Summary

Cancer presents in multifarious forms and remains a paramount contributor to global
mortality. Unfortunately, existing local and systemic interventions for diverse neoplasms exhibit
suboptimal efficacy. A longstanding acknowledgment endures regarding the immune system’s
potential to combat nascent tumors. However, the presence of immunosuppressive factors, as
expressed by malignant cells, may obscure the host’'s capacity to eradicate established
neoplasms, thereby disrupting the equilibrium between regulatory and effector immune
constituents. Consequently, concurrent with conventional modalities, immunotherapeutic
strategies have flourished in recent years, yielding promising outcomes in the field of oncology.
Central to immunotherapy is the innate capacity of the organism to elicit an anti-tumor

response through deliberate immunostimulation.

Our primary objective encompassed scrutinizing the therapeutic efficacy of in situ
vaccination in murine models afflicted with two distinct tumor phenotypes, hitherto unexplored
in analogous therapeutic paradigms. The envisioned mechanism of action of the low molecular
weight compounds under investigation — that we have vaccinated directly into the tumor —
suggests a promising avenue for therapeutic tumor ablation, owing to their facilitation of
immune response directed towards cellular pathways. These entities offer potential
advantages compared to conventional chemotherapeutic agents, due to their purported
specificity, and compared to targeted immunotherapies, due to their purported cost-

effectiveness.

In our experiments, we utilized 132 mice (C57BL6/N or BALB/c). Over the span of four
years, we conducted three large-scale experiments employing two types of tumor cell lines
(MB49, Renca CRL-2947) and six different treatment combinations (CpG + anti-OX40, LPS +
anti-OX40, CpG + 3p-hpRNA, 3p-hpRNA, IV-RNA + anti-OX40, PPV1-DNA + anti-OX40).

One of the treatment combinations mentioned above (LPS + anti-OX40) yielded clearly
negative results. We believe that the highly aggressive nature of the tumor did not allow
sufficient time for a humoral immune response to develop. Another combination (PPV1-DNA
+ anti-OX40) produced mixed results. We suggest that increasing treatment concentrations or
fragmenting the DNA genome might enhance the treatment's efficacy. The remaining four
treatments (CpG + anti-OX40, CpG + 3p-hpRNA, 3p-hpRNA, IV-RNA + anti-OX40) showed
promising results, although there is potential for further improvement. Enhancements could be
achieved by increasing treatment concentrations, the number and frequency of treatments, or

using agents that slow down the absorption of components.



1. Introduction

In contemporary times, mortality attributable to cancer stands as the secondary principal
cause of death subsequent to cardiovascular ailments (Bloom et al., 2019). Various
methodologies are extensively used to manage diverse neoplasms, encompassing localized
modalities such as surgical excision or radiation therapy alongside systemic interventions like
cytotoxic agents. Nevertheless, these conventional therapeutic methods are beset by manifold
shortcomings in terms of both efficacy and cost-effectiveness considerations. In spontaneous
malignancies, the host immune system orchestrates a repertoire of natural innate defenses to
impede the proliferation of neoplastic cells. Nonetheless, through a phenomenon recognized
as immune evasion, an evolving tumor possesses the capacity to incapacitate extant T
lymphocytes (or T cells), thereby facilitating unhindered cellular replication and proliferation.
Over the past two decades, the evolution of immunotherapeutic methodologies has profoundly
influenced the landscape of oncological interventions, increasingly integrated in conjunction
with conventional therapeutic methods (e.g., surgery or radiation therapy) (Palumbo et al.,
2013; Emens and Middleton 2015).

Consequently, the immune system is progressively acknowledged as a pivotal contributor
in the anticancer armamentarium (Wages et al., 2018). The 2018 Nobel Prize in Physiology or
Medicine attribution to James P. Allison and Tasuku Honjo for their groundbreaking
advancements in modern immunotherapeutic strategies exemplifies this paradigm shift. The
2011 Nobel Prize also recognized the meticulous exploration of the innate immune system,
notably dendritic cells, underscoring its intricate involvement in antitumor immunity, surpassing
the classical understanding of the adaptive immune response. T lymphocytes with the
capability to recognize tumor-specific antigens populate the microenvironment of the
neoplastic lesion; however, the established tumor engenders an immunosuppressive milieu,
leading to the attenuation of T cell functionality (Staveley-O’Carroll et al., 1998; Sotomayor et
al.,, 1999). Through immunotherapeutic interventions, the immune system is invigorated,
enabling tumor eradication. Notably, this approach not only elicits a potent antitumor response
at the primary tumor site but also exhibits efficacy against distant metastases disseminated
throughout the body (Luo et al., 2019). Presently, many of immunotherapeutic modalities are
available, delineated comprehensively in Section “1.3. Tumor Immunotherapies” In recent
years, the utilization of diverse immunotherapeutic interventions has demonstrated efficacy in
managing numerous malignancies, including advanced melanoma, lung carcinoma, gastric
adenocarcinoma, and renal cell carcinoma. This success can be attributed to their capacity to
elicit a durable antitumor immune response (Hodi et al., 2010; Topalian Suzanne L. et al.,
2012; Kyi and Postow 2016; Spranger 2016).



1.1. Neoantigens

Tumor neoantigens, representing novel protein entities (pathogen-associated molecular
pattern, PAMP) absent in physiologically normal human tissues, are pivotal in eliciting tumor-
specific T cell-mediated responses. Due to their non-concordance with the host's germline,
these neoantigens are deemed optimal targets for therapeutic intervention, leveraging the
immune system's inherent ability to discern self from non-self (Jiang et al., 2019). Recent
findings have elucidated that the T cell-mediated immune response is activated in response to
these neoantigens, precipitated by deoxyribonucleic acid (DNA) damage events within the
organism. The discernment and targeting of these neoantigens have emerged as pivotal
determinants driving the clinical efficacy of T cell checkpoint blockade and adoptive T cell
therapy modalities employed in immunotherapeutic protocols (Schumacher et al.,, 2019).
Multiple immunotherapeutic strategies target these neoantigens, focusing on tailoring
interventions to the unique antigenic profile of individual tumors. Nonetheless, recent
advancements have showcased a broader spectrum of neoantigen-targeting approaches,
specifically targeting recurrent mutations prevalent across various malignancies. This latter
approach is oriented towards intercepting key proteins vital for malignant proliferation, thereby
promising a more universally applicable therapeutic strategy across diverse patient cohorts
(Pearlman et al., 2021).

1.2. Therole of the immune system

The process of immune activation initiates upon the release of tumor-associated antigens
(TAASs) by neoplastic cells, commonly expressed on tumor cell surfaces. Antigen-presenting
cells (APCs), aptly named, present these TAAs via major histocompatibility complexes (MHC),
notably MHCI and MCHII, facilitating T cell recognition of TAAs. (Charles A Janeway et al.,
2001). T cell activation ensues upon receipt of diverse co-stimulatory signals, including CD
(cluster of differentiation ) 80 and CD86 ligands, alongside the CD28 antigen (Linsley and
Ledbetter 1993; Laidlaw et al., 2016; O’Neill and Cao 2019). Members of the tumor necrosis
factor receptor (TNFR) superfamily play pivotal roles as co-stimulators in initiating immune
responses (Alves Costa Silva et al., 2020). These activated T cells differentiate into effector T
cells (Teffs), comprising cytotoxic CD8+ T cells (Tc) and helper CD4* T cells (Th). Activated
CD8" T cells target altered cells presenting recognized TAAs, inducing apoptosis through
cytotoxic molecules such as tumor necrosis factor a (TNFa) and interferon y (IFNy) (Wajant et
al., 2003). Conversely, effector CD4" T cells are instrumental in fostering long-term memory
CD8* T cells (Bourgeois et al., 2002; Janssen et al., 2003; Zloza et al., 2012; Laidlaw et al.,
2016) and augmenting dendritic cell MHC expression, thereby enhancing CD8* T cell

activation and persistence (Thaiss et al., 2011; Laidlaw et al., 2016). CD4* T cells can further
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delineate into type 1 helper (Th1) and type 2 helper (Th2) cells, producing cytokines like IFNy,
interleukin (IL)-2, TNF-B (Th1), and IL-4, IL-5, IL-10, and IL-13 (Th2), modulating cell-mediated
and humoral immune processes, respectively (Constant and Bottomly 1997; Romagnani
1999). Activating these innate immune-signaling pathways alongside immunomodulatory
cytokines facilitates efficient neoplastic cell eradication. However, alongside TAAs, tumor cells
release immunosuppressive cytokines such as transforming growth factor-p (TGF-) and IL-
10, endowed with potent anti-inflammatory properties, potentially impeding immune
responses. TGF-3, a multifaceted cytokine, serves as a regulatory checkpoint for immune cells
traversing barrier tissues, playing a crucial role in maintaining tissue integrity and preventing
undue damage under homeostatic conditions. It facilitates the maintenance of tolerance to
environmental antigens by aiding autoreactive T cells (Li and Flavell 2008; Tauriello et al.,
2022). Specifically, TGF-B directly fosters the expansion of regulatory T cells (Tregs). The
genesis of Tregs is initiated when naive CD4" T cells encounter TGF-B, triggering the
expression of Forkhead box P3 (FOXP3), a pivotal regulator in regulatory T cell (Treg)
differentiation (Li and Flavell 2008; Tauriello et al., 2022). Furthermore, TGF-B exerts a
downregulatory effect on the generation and function of effector T cells, natural killer (NK) cells,
and antigen-presenting cells (Li and Flavell 2008). In the context of a healthy individual, TGF-
B assumes a critical role in tumor suppression by inducing apoptosis in unestablished
neoplastic cells and mitigating inflammatory damage. However, upon circumvention of this
regulatory pathway by a tumor, the immunosuppressive attributes of TGF-B are exploited,
facilitating untrammeled tumor proliferation (Batlle and Massagué 2019). Similar to TGF-f3,
interleukin-10 (IL-10) manifests both beneficial and inhibitory influences on cancer
progression, contingent upon the contextual milieu in which it operates (Gonzalez-Garza et al.,
2020). Notably, IL-10 production is markedly induced upon programmed cell death protein
(PD-1) activation in immune cells (Said et al., 2010). The principal role of IL-10 is to mitigate
potential collateral damage to neighboring healthy cells during infection, thereby averting the
escalation of inflammation to detrimental levels (Trinchieri 2007; Li and Flavell 2008). During
the initial phases of carcinogenesis, this entails dampening tumor-associated inflammation.
However, in advanced stages, tumor cells exploit the immunosuppressive capacity of IL-10 to
incapacitate natural killer and T cells, curtailing antigen-presenting cells ability to orchestrate
heightened production of pro-inflammatory cytokines such as interleukin-12 (IL-12) (Trinchieri
2007; Dennis et al., 2013; Gonzalez-Garza et al., 2020).
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1.2.1. Damage Associated Molecular Patterns (DAMPS)

In numerous tissues, the encounter with spontaneous malignancy, succeeded by the
proliferation of aberrant cells, prompts a pivotal response from the immune system, relying
predominantly on releasing damage-associated molecular patterns (DAMPs). DAMPs, elicited
in response to stress and cellular death, are fundamental contributors to sterile inflammation.
The recognition of DAMPs augments the fortification of protective mechanisms within the
innate immune system (Hernandez et al., 2016). Notably, phagocytic cells, including
macrophages and neutrophil granulocytes, play a significant role in responding to DAMPs.
These cells bind to DAMPs, engulfing and digesting abnormal cells, thereby eliminating
cancerous cells from the body. Macrophages, in particular, are indispensable for tissue
homeostasis, effectively modulating unwanted processes such as angiogenesis and
metastasis (DeNardo and Ruffell 2019). Central to the understanding of the processes above
is the recognition of DAMPs, facilitated by pattern recognition receptors (PRRs), notably toll-
like receptors (TLRs) (Kaur et al., 2022). Initially characterized in the context of innate immune
responses against microbial pathogens, TLRs have since been recognized for their crucial role
in bridging innate and adaptive immunity. They exhibit multifaceted functions in inflammation,
autoimmune diseases, and cancer (Yang et al., 2022). Appreciation of the stimulatory potential
of TLRs and the development of Toll-like receptor (TLR)-targeted therapeutic strategies for
cancer have yielded promising outcomes in regulating tumor microenvironment and the

induction of tumoricidal phenotypes.
1.2.2. Toll-like receptors (TLRS)

Structurally, TLRs are type | transmembrane glycoproteins (Rakoff-Nahoum and Medzhitov
2009), exhibiting evolutionarily conserved features across plants and vertebrates (Loiarro et
al.,, 2010). Since their discovery in 1966, thirteen functional homologs of TLRs have been
identified in humans and mice, with both species conserving TLR9 and TLR11 (Kawai and
Akira 2010; Patidar et al.,, 2018; Anwar et al., 2019). Toll-like receptors (TLRs) are
indispensable components of the innate immune system, pivotal in detecting and responding
to pathogenic threats by initiating intracellular signaling cascades. This culminates in
orchestrating an immune response to eradicate pathogens and infected cells (Kawai and Akira
2010). TLRs are ubiquitously expressed across various immune cell types, encompassing B-
lymphocytes (or B cells), macrophages, dendritic cells, neutrophils, mast cells, and non-
immune cells such as endothelial and epithelial cells, adipocytes, and cardiomyocytes. The
recognition of TLRs by these diverse cell populations triggers a downstream signaling pathway
(Takeuchi and Akira 2010), mediated notably by myeloid differentiation factor 88 (MyD88) and

the toll-interleukin-1 receptor domain (TIR), ultimately resulting in the activation of nuclear
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factor kappa-light-chain-enhancer (NF-kB) in activated B cells. This activation event
subsequently facilitates the transcription of pro-inflammatory cytokines, including but not
limited to tumor necrosis factor-alpha (TNF-a), IL-1, and IL-6 (Takeda and Akira 2004). Recent
investigations have unveiled the expression of TLRs within tumor cell populations,
encompassing tumor stem cells, alongside stromal constituents like cancer-associated
fibroblasts, tumor-associated macrophages, myeloid-derived suppressor cells (MDSCs),
regulatory T cells, and adipocytes. The involvement of TLRs in the modulation of tumor growth
is complex, as evidenced by their dual capacity to exert both inhibitory and promotional effects
on tumorigenesis (Figure 1) (Chang 2010; Bayraktar et al., 2019; Chen et al., 2019).

/ Cancer Cell \

TLR2,4,7/8 | TLR2,3,4,5,7/8,9

Tumor Progression Tumor Inhibition
— Increased cell proliferation — Th1-biased immune response
— Resistanceto apoptosis — Long term anti-tumor
— Production of immunity
immunosuppressive cytokines — Metastasis suppression
— Induction of apoptosis

Figure 1: Toll-like receptor (TLR) stimulation in cancer (based on Urban-Wojciuk et al., 2019).

The exploitation of TLRs is a cornerstone in current anti-tumor therapeutic strategies,
eliciting profound enhancements in innate and adaptive immune responses, ultimately
culminating in the induction of apoptosis in neoantigen-expressing tumor cells (Kanzler et al.,
2007). Notably, a significant challenge confronting TLR-mediated therapies lies in their
inherent inability to discriminate between self and non-self, instead responding robustly to a
spectrum of “danger signals”, encompassing both exogenous and endogenous ligands (Khan
et al., 2016). TLR ligands can be categorized into three principal groups: natural exogenous
ligands, commonly known as pathogen-associated molecular patterns (PAMPS); natural
endogenous ligands, referred to as damage-associated molecular patterns; and a third
category comprising synthetically engineered agents. PAMPs primarily originate from microbial
elements present in bacteria, fungi, parasites, and viruses (Kanzler et al., 2007; Khajeh
Alizadeh Attar et al., 2018; Bayraktar et al., 2019). TLRs detect these PAMPs as indicators of
invading pathogens, triggering direct activation of the innate immune system while concurrently
orchestrating an indirect stimulation of the adaptive immunity, thus affording invaluable
protection against pathogenic threats (Satoh and Akira 2016). As previously alluded, DAMPs
arise in response to various forms of cellular stress and demise, serving as principal

contributors to sterile inflammation (Hernandez et al., 2016).
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1.2.3. Retinoic Acid-Inducible Gene | (RIG-1) and RIG-like receptors

Retinoic acid-inducible gene I, or RIG-I, denotes an RNA helicase renowned for detecting
viral single- and double-stranded RNA. Positioned within the pantheon of PRRs, RIG-I belongs
to the RIG-like helicases group, sharing a close lineage with the most common PRRs, the Toll-
like receptors. Within the RIG-I-like receptor family (RLR), RIG-I stands alongside melanoma
differentiation-associated 5 (MDA5) and Laboratory of Genetics and Physiology 2 (LGP2) as
the fundamental constituents (Offermanns and Rosenthal 2008). Extensive investigations have
centered on RLRs, particularly in the realm of antiviral immune signaling, given their adeptness
in binding to an assorted array of 5' uncapped triphosphate single- or double-stranded RNA,
derived from both viral and host origins (Kato et al., 2008; Rehwinkel and Gack 2020). Notably,
RIG-I exhibits a proclivity towards binding shorter single-stranded RNA and approximately 1
kilo-base pair (kbp) double-stranded RNA. At the same time, MDA5 has been implicated in
interferon production contingent upon approximately 2 kbp double-stranded RNA (Kato et al.,
2008). Both receptors, however, harbor a caspase activation and recruitment domain (CARD),
which, upon RNA binding, becomes exposed to instigate signaling cascades. In contrast,
LGP2 binds to double-stranded RNA and is postulated to transregulate other RLRs in the
presence of interferons, owing to its inherent lack of a CARD domain. Interferons modulate
the expression of all three RLRs, albeit RIG-I exhibits a constitutive presence in most tissues
at low levels (Saito et al., 2007). Upon RNA binding facilitated by a lysine-63 polyubiquitin
chain, the exposed CARD domain on RIG-I orchestrates the recruitment of mitochondrial
antiviral-signaling proteins (MAVS), thereby attracting an array of downstream effectors to
initiate the activation of interferon regulatory factors (IRF) 3 and 7 (Zeng et al., 2010).
Subsequently, IRF3 and IRF7, acting as transcription factors, translocate into the cellular
nucleus, thereby instigating the production of type | and Il interferons. A comprehensive

depiction of this intricate signaling pathway is provided in Figure 2 (Borg 2019).

A readily accessible synthetic influenza sequence, denoted as 5’ triphosphate hairpin RNA
(3p-hpRNA), serves as a commercially available ligand for RIG-I, thereby facilitating the
transcriptional induction of type | interferons (IFNs). The presence of 5' triphosphate caps
precludes recognition by melanoma differentiation-associated gene 5 (MDAS), thereby
ensuring selective binding of this ligand exclusively to RIG-I among the three members of the
RIG-I-like receptor family (Berke and Modis 2012).

-13-



viral RNA

infuenza NS1/

MAVS

DENV/zika NS4AcOmE—=fS
HCV NS3/4A

mitochondrion

ENV NS2B3, NS2A, NS4B

cytoplasm

nucleus

QOO
—IFNs |

Figure 2: The pathway of IFN induction is triggered by the interaction between RIG-I and viral RNA.:
Upon RIG-I recognition of RNA, the recruitment of MAVS (Mitochondrial antiviral-signaling protein)
ensues, facilitating the assembly of a signaling complex comprising TRAF (TNF receptor-associated
factor) 3, TBK (TANK-binding kinase) 1, and IKK (I-kappa-B kinase) €. This intricate cascade
culminates in the subsequent activation of IRF (Interferon Regulatory Factor) 3 or IRF7. Ultimately, the
engagement of these transcription factors with nuclear DNA prompts the initiation of interferon
production, thereby orchestrating an effective antiviral response (Borg 2019).

Further abbreviations in the figure: NS (non-structural protein); WNV (West Nile Virus); TRIM25
(Tripartite Motif Containing 25); Ub (Ubiquitin); DENV (Dengue Virus); ZIKV (Zika Virus); HCV
(Hepatitis C Virus); P (Phosphor).

1.2.4. Dendritic Cells (DCs)

Dendritic cells (DCs) were initially discerned within the epidermis and were named
Langerhans cells. They are now widely recognized as a fundamental constituent of the
lymphohematopoietic system, serving as sentinels for the immune system. DCs inhabit the
interstitium of most organs, albeit in scant quantities within the brain, a characteristic
contributing to the well-documented phenomenon of immune privilege. Initiating immune
responses, DCs capture small amounts of antigens, subsequently presenting them to antigen-
specific T cells, thus initiating their maturation. This process typically unfolds in three phases
while concurrently fostering the generation of lymphokine-secreting helper T cells and effector

Tc, which subsequently migrate to tumor cells. Only DCs activate memory cells and naive T
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cells among APCs, thus earning the epithet of professional APCs (Nizar et al., 2009).
Concerning their role in antitumor immunity, dendritic cells can capture antigens from dying
tumor cells and present them to adaptive immune cells, thereby orchestrating a more targeted
and specific immune response (Bell et al., 1999). In the pursuit of developmental vaccines
targeting cancer, DCs have emerged as a focal point for numerous researchers, attributed to
their recognized potential for robust antitumor activity (Murri et al., 2008). In their immature
state, DCs are primarily situated within tissues, intermittently traversing the bloodstream and
lymphatic vessels. These cells prominently express MHC molecules, albeit with limited
expression of costimulatory molecules, notably CD80 or CD86. During their journey through
the body, DCs encounter various antigens, which they promptly internalize through a repertoire
of mechanisms, including receptor-mediated endocytosis, phagocytosis, or micropinocytosis.
Following antigen uptake, DCs migrate towards the afferent lymphoid organs, where they
undergo a process of maturation. This maturation entails a series of phenotypic and functional
alterations characterized by upregulation of MHC expression and augmented levels of
costimulatory molecules such as CD80 and CD86 (Inaba et al., 1994). Along with DC
maturation, there is a concomitant increase in cytokine production, notably IL-6, IL-12, IL-13,
and TNF-a, alongside heightened secretion of chemokines, exemplified by CCL18.
Collectively, these factors facilitate the recruitment of naive T cells to the vicinity of activated
DCs. Upon encounter, DCs and T cells engage in interactions mediated by complementary
adhesion molecules, culminating in the formation of immunological synapses. This intricate
process results in effective antigen presentation by DCs to T cells, ultimately driving the
activation of T cells and eliciting antigen-specific immune responses (Murri et al., 2008). The

graphical representation of this process is shown in Figure 3.

The employment of DCs in cancer vaccination strategies necessitates a substantial quantity
of cells for their generation. Established protocols have been devised to facilitate the in vitro
production of these large quantities. It has been demonstrated that DCs can be derived from
CD34-positive precursors sourced from bone marrow or blood through incubation with cytokine
cocktails comprising granulocyte-macrophage colony-stimulating factor (GM-CSF), IL-4, or
TNF-a (Caux et al., 1992; Inaba et al., 1994; Caux et al., 1997). An alternative methodology
involves the utilization of CD14-positive monocytes from the blood along with cytokines GM-
CSF and IL-4, or CD40 ligand, to generate myeloid DCs (Peters et al., 1993; Romani et al.,
1994; Sallusto and Lanzavecchia 1994). These myeloid DCs exhibit an immature phenotype
characterized by limited expression of costimulatory molecules on their surface. However, they
can be induced to mature cells through exposure to various inflammatory stimuli such as TLR
ligands, TNF-a, or a combination of compounds containing prostaglandin E2 (PGE2), TNF-q,
IL-1B, and IL-6 (Lee et al., 2002).
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1.2.5. Effector T cells (Teff), regulatory T cells (Treg), and natural killer
(NK) cells

Stimulation of DCs leads to the upregulation of numerous membrane-bound costimulatory
molecules, notably CD80, CD86, and CD40, in addition to the cytokine IL-12, which plays a
pivotal role in the optimal activation of T cells, including both CD4* and CD8"* subsets (Iwasaki
and Medzhitov 2004; Boudreau et al., 2011). It has been well-established that TLR agonists
play a fundamental role in orchestrating the activation of both innate and adaptive immune
responses. The selection of TLR agonists was guided by their capacity to activate antigen-
presenting cells, notably DCs. However, recent investigations have revealed that TLRs also
exert modulatory effects on various T cell subsets, thus presenting a promising avenue for
augmenting the efficacy of cancer immunotherapies (Kaczanowska et al., 2013). In murine
experimental models, treatment with TLR agonists has demonstrated efficacy in diminishing

tumor size.

Furthermore, in select instances, the adjunctive administration of combination therapeutic
modalities, such as chemotherapy agents, monoclonal antibodies, and/or tumor antigen
vaccination utilizing proteins, peptides, or plasma DNA, has yielded enhanced outcomes,
including notable regression of established tumors (Stone et al., 2009; Davis et al., 2011,
Rudilla et al., 2012). FOXP3*CD25*CD4* regulatory T cells play a pivotal role in innate and
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adaptive immunity. Primarily recognized for their role in averting autoimmunity, these
immunosuppressive entities have also been implicated in fostering tumor progression (Wang
et al., 2017). The correlation between Treg abundance and cancer advancement is striking, as
evidenced by their enrichment within tumor microenvironments, ascitic fluid, and peripheral
blood of cancer patients, which correlates with unfavorable prognostic outcomes.
Accumulating evidence suggests that Tregs serve to shield tumors from effective immune

surveillance.

Consequently, interventions targeting Tregs represent a key objective in contemporary
oncological therapeutic endeavors (Nizar et al., 2009). Additional lymphocytes wielding
significant influence in impeding tumor proliferation are NK cells. Following activation, these
cells exhibit cytotoxicity and cytokine-producing effector capabilities, culminating in the
discharge of cytotoxic molecules that induce apoptosis in cancerous cells. Investigative
endeavors into the mechanistic underpinnings of NK cells have furnished compelling evidence
elucidating their ability to discern target cells from host healthy cells (Mansell and Jenkins
2013).

1.3. Tumor Immunotherapies

Advanced-stage malignant tumors frequently exhibit resistance to conventional
chemotherapy and/or radiation therapy, resulting in dismal survival rates despite aggressive
intervention. To substantially enhance clinical outcomes, there is an imperative need to devise
therapeutic strategies that are more efficacious and capable of circumventing the intricate
defense mechanisms deployed by the tumor (Vinay et al., 2015; Fouad and Aanei 2017). The
pivotal involvement of the immune system in the etiology and management of these
malignancies is underscored by a plethora of compelling evidence. Noteworthy examples
include instances of spontaneous remission observed in cancer patients devoid of therapeutic
interventions, the presence of tumor-specific cytotoxic T cells within the tumor
microenvironment or adjacent lymphoid tissues, as well as the infiltration of monocytes and
lymphocytes amidst aggressively proliferating cell populations. Furthermore, an augmented
incidence of certain malignancies has been documented in immunocompromised individuals,
thereby reinforcing the intricate interplay between immune function and tumor development
(Rosenthal 2001; Baxevanis et al., 2009). An intact and finely tuned immune system exerts
active surveillance against the emergence and progression of indolent tumors, a phenomenon
termed “cancer immunosurveillance”. Notably, interferon-gamma (IFNy) has been
demonstrated to impede tumor growth in immunocompetent murine models, whereas
genetically engineered mice lacking the IFNy receptor exhibit heightened susceptibility to

spontaneous tumor development. Analogously, ablation of crucial constituents of the adaptive
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immune response, namely T and B cells, predisposes mice to tumor development (Smyth et
al.,, 2001; Wallace and Smyth 2005; Itoh et al., 2009; Schmiedt et al.,, 2009). Recent
investigations spanning the past two decades have shed light on the nuanced and multifaceted
role of the innate immune response in orchestrating antitumor immunity, eclipsing the
traditionally emphasized role of adaptive immunity. Although tumor-infiltrating T cells
recognizing tumor antigens are discernible within the tumor microenvironment, the established
tumor engenders an immunosuppressive milieu typified by augmented expression of cytokines
such as transforming growth factor-beta (TGF-) and IL-10 (Hurwitz and Watkins 2012). These
immunosuppressive cues orchestrate an inhibitory effect on T cell activity, further fostering

tumor progression (see Figure 4) (Staveley-O’Carroll et al., 1998; Sotomayor et al., 1999).

Figure 4: Immunosuppressive Impact of Tumors: Tumor cells (green) secrete cytokines (envelope)

which impede the immune response of tumor antigen-specific T cells (blue).

Given these insights, immunotherapeutic modalities herald a paradigm shift in the
management of malignant tumors, owing to their unparalleled specificity and efficacy (Geering
and Fussenegger 2015). These innovative therapeutic approaches can remodel the tumor
microenvironment by selectively engaging with immunosuppressive proteins expressed on
tumor cells, activated T and B cells, macrophages, and regulatory T cells. They facilitate the
generation of local and systemic antitumor immune responses, culminating in the eradication
of cancer cells (Farkona et al., 2016; Gong et al., 2018; Kruger et al., 2019). Recently, various
approaches to antitumor immunotherapy have garnered significant attention. These
encompass therapies predicated on monoclonal antibodies, interventions centered on immune
cell manipulation, in situ vaccination strategies, checkpoint inhibitor therapies, and diverse
combinations with conventional treatment modalities (Gorbet and Ranjan 2020). Furthermore,
immune cell activity can be augmented by bolstering cell numbers via ex vivo proliferation
followed by adoptive cell transfer, often necessitating supplementation with homeostatic or

activating cytokines.
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Consequently, the manipulated immune cells acquire enhanced functionality or exhibit
antigen-specific responses (Lesch and Gill 2021). Antibody-based immunotherapy is a
preeminent and dependable strategy in the armamentarium against oncological afflictions. The
therapeutic mechanism of action may encompass diverse modalities such as indirect effects
such as antibody-dependent cellular cytotoxicity (ADCC) or direct induction of cell death,
including apoptosis (Lesch and Gill 2021). However, it is noteworthy that monoclonal
antibodies often demonstrate limited efficacy when administered as monotherapy (Coiffier et
al., 1998; Coiffier et al., 2002). As with human populations, the prevalence of cancer among
animals, particularly companion animals, presents a growing concern from a veterinary
standpoint. The Swiss Canine Cancer Registry has meticulously documented the incidence of
prevalent tumor types based on data over five decades. Analysis of data encompassing more
than one hundred and twenty thousand animals reveals that adenoma/adenocarcinoma
(18.1%), mastadenoma/mastocytoma (6.5%), lymphoma (4.3%), melanoma (3.6%),
fiboroma/fiborosarcoma (3.4%), hemangioma/hemangiosarcoma (2.8%), squamous cell
carcinoma (1.9%), and osteoma/osteosarcoma (1.2%) rank among the most prevalent tumor
types afflicting canines (Grintzig et al., 2016). Of particular note, lymphomas emerge as one
of the most commonly treated cancers (Schiffman and Breen 2015), alongside B cell
neoplasias, which constitute the predominant hematopoietic malignancies in both human and
canine populations (Seelig et al., 2016). According to research findings, genetic background
plays a pivotal role in both the incidence and progression of cancer. Certain dog breeds exhibit
a significantly elevated risk of developing the disease, including dachshunds, Pomeranians,
cairn terriers, and bichon frise dogs, comprising ten small and two medium or large breeds.
Observations have indicated that tumors may manifest in English bulldogs at an earlier age
than in other breeds (Bromberek et al., 2016). Literature reports suggest that the incidence of
breast tumors in female dogs can be mitigated through early ovariohysterectomy (Beauvais et
al., 2012). Presently, only a limited array of approved FDA (U.S. Food and Drug Administration)
or USDA (United States Department of Agriculture) licensed veterinary oncology therapies are
accessible to practitioners. The findings underscore the pressing need to develop tailored
treatment modalities explicitly catering to the unique requirements of canine and feline patients
(Mochel et al.,, 2019). The landscape of cancer immunotherapy research is prominently
characterized by two overarching and complementary strategies: the utilization of immune
checkpoint inhibitors, a groundbreaking advancement recently honored with the Nobel Prize
in Medicine (Kaiser and Couzin-Frankel 2018), and the engineering of chimeric antigen
receptor (CAR) T cells. The former approach is centered on potentiating T cell activation, while
the latter endeavors to elicit the generation of T cells equipped to target antigens harbored by
distinct cancer cell populations (Kenderian et al., 2014). In both therapeutic paradigms, the

attenuation of regulatory T cell formation and function assumes paramount significance.
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1.3.1. Therapeutic procedures using immune checkpoint inhibitors (ICls)

T cell activation represents a finely orchestrated process contingent upon signals emanating
from the T cell receptor (TCR) complex and its interplay with associated regulatory proteins.
The dynamic interaction between inhibitory and stimulatory proteins dictates the extent of T
cell activation, facilitating tolerance towards self-antigens (via inhibitory pathways) while
concurrently eliciting an adaptive immune response against foreign antigens (through
stimulatory pathways). Immune checkpoints play a pivotal role in orchestrating inhibitory cues
that transiently curtail T cell activity under physiological conditions, thereby ensuring the
maintenance of immune responsiveness within the requisite physiological confines (Lesch and
Gill 2021). Through the utilization of therapies directed at immune checkpoint inhibitors, which
modulate key checkpoints within the immune system, the activation of T cells within the tumor
microenvironment can be effectively orchestrated, thereby instigating an anti-tumor immune
response (Khalil et al., 2016). Immune checkpoint inhibitors encompass specific proteins or
monoclonal antibodies designed to target critical regulatory molecules such as CTLA-4
(cytotoxic T-lymphocyte associated protein 4) or PD-1/PD-L1 (programmed cell death protein-
1/programmed cell death ligand-1), which serve to regulate the immune system's response to
tumor cells. Among the foremost immune checkpoint inhibitors are anti-CTLA-4 (ipilimumab)
and anti-PD-1/PD-L1 (nivolumab) (Gorbet and Ranjan 2020). PD-1, a cell surface protein
predominantly expressed on activated T cells and B cells, interacts with the transmembrane
protein PD-L1 (B7-H1), which is ubiquitously present in both healthy and tumor cells (Zheng
and Zhou 2015). This interaction is pivotal in mitigating autoimmune complications and
preserving immune system homeostasis. Primarily, PD-1/PD-L1 signaling attenuates the
apoptosis of regulatory T cells while concurrently fostering the activation of antigen-specific
lymphocytes within the lymph nodes. Consequently, this signaling axis dampens immune
responsiveness under physiological conditions, fostering a milieu conducive to immune
tolerance. Certain malignancies, including metastatic melanoma, non-small cell lung cancer,
and renal cell carcinoma, exploit this regulatory mechanism by modulating the expression of
PD-1/PD-L1, thereby subverting an effective immune response (Hargadon et al., 2018). An
extensive analysis encompassing a large cohort of breast cancer (n=3647), non-small cell lung
cancer (n=4549), and stage Il malignant melanoma (n=37) patients revealed a positive
correlation between elevated tumor PD-L1 expression and treatment efficacy (for further
elucidation, see Figure 5 A) (Jacquelot et al., 2017; Kowanetz et al., 2018). CTLA-4, a
homolog of CD28 on T cells, engages with CD80 (B7-1) or CD86 (B7-2) molecules expressed
on APCs, notably dendritic cells, to modulate immune responses. Unlike CD28, which

augments immune activation, CTLA-4 exerts an inhibitory role and exhibits a heightened
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affinity for APC MHC co-receptors compared to CD28. Clinically, anti-CTLA-4 agents have

emerged as immunostimulatory therapeutics for cancer treatment (see Figure 5 B).

Anti-PD-L1 T ;
Y {\/\ APC

Anti-PD-L1 ==&

“ Anti-CTLA-4

Figure 5. A) Monoclonal Antibodies Targeting PD-1 and PD-L1: PD-L1, ubiquitously expressed on
both healthy and neoplastic cells, engages with PD-1 receptors present on cytotoxic T cells, thereby
attenuating immune responses. While this interaction serves to prevent autoimmunity, tumor cells
exploit it to evade immune surveillance by inducing T cell apoptosis. Blockade of PD-1 and PD-L1
axes enhances cytotoxic T cell-mediated tumor cell clearance.

B) Monoclonal Antibodies Against CTLA-4: Upon antigen presentation, the MHCII on antigen-
presenting cells engages with the T cell receptor, necessitating concurrent CD28 binding to CD80. As
a CD28 antagonist, CTLA-4 diminishes T helper cell activation. Therefore, monoclonal antibodies
against CTLA-4 fortify the CD28-CD80 interaction, promoting sustained T helper cell activation.

Notably, particular malignancies, including non-small cell lung cancer, small cell lung cancer,
gastric adenocarcinoma, and hepatocellular carcinoma, harness mechanisms to impede
immune activation (Walker and Sansom 2015), thereby rendering therapy efficacy in such
cases. Combinatorial therapy involving both CTLA-4 and PD-1/PD-L1 inhibitors has
demonstrated enhanced patient survival in select cancer types, including human metastatic
melanoma, advanced renal cell carcinoma, and colon cancer (Rotte 2019). Clinical trials in
human subjects have explored anti-PD-1/PD-L1 antibodies in conjunction with standard
chemotherapy or radiotherapy (Sato et al., 2020; Zhang et al., 2020). In a clinical study
involving canine patients, PD-1 inhibition exhibited favorable safety profiles and demonstrated
antitumor efficacy in oral malignant melanoma (OMM) cases with lung metastases. Although
the therapeutic outcomes, such as a measurable response in 26.7% of stage IV OMM cases
(4/15), did not mirror those observed in advanced melanoma cases in humans, the therapeutic

potential of PD-1 inhibition in canine melanoma is discernible (Lin et al., 2016).
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1.3.2. Chimeric antigen receptor (CAR) T cell therapy

The fundamental premise of this procedure involves the ex vivo generation of T cells
equipped with antigen-specific tumor recognition capabilities mediated by the T cell receptor.
Following genetic modification, these engineered cells are reintroduced into the host organism,
whereupon they exhibit potent tumor eradication capabilities (see Figure 6) (Mochel et al.,
2019). CAR T cell therapies hold significant promise, particularly in hematologic malignancies
(Neelapu et al., 2017; Maude et al., 2018).

? Chimeric antigen receptor (CAR)

CART cell

Figure 6: lllustration of T Cell Modification Using Chimeric Antigen Receptors.

In the realm of canine medicine, one of the inaugural clinical investigations was conducted
by Panjwani et al., (Panjwani et al., 2016), paving the way for subsequent protocol refinements
aimed at generating CAR T cells (Mata et al., 2014; Yin et al., 2018). Dogs have emerged as
invaluable candidates for preclinical evaluation of human cell-based therapies, owing to their
biological similarities and shared environmental exposures with the human populace.
Consequently, the manifestation of diseases in dogs parallels that observed in humans
(Gardner et al., 2016), rendering them promising models for spontaneous disease studies and
innovative CAR T cell investigations. Conversely, insights gleaned from human clinical trials
concerning the efficacy and safety of CAR T cells hold potential relevance for developing future
cell-based therapies in veterinary oncology, aligning with the overarching goals of the One
Health initiative (Schneider et al., 2018).
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1.3.3. Dendritic cell-based therapies

Over the past two decades, there has been escalating interest in leveraging DCs and other
APCs for potential immunomodulation therapy targeting solid tumors. Activation of dendritic
cells was achieved through liposomal delivery of the metastatic murine melanoma antigen
B16F10-OVA along with a DC maturation signal, such as IFNy or GM-CSF, demonstrating
robust antitumor efficacy both in vitro and in vivo. Notably, experimental murine models
exhibited a reduction in lung metastases following treatment with activated dendritic cells (van
Broekhoven et al., 2004). Waeckerleman et al., (2005) employed poly[lactic-co-glycolic acid]
(PLGA) microspheres for targeted delivery of antigens to human monocyte-derived dendritic
cells (hMoDCs). PLGA effectively extended antigen presentation by dendritic cells while
preserving T cell migration, cytokine secretion, survival, and allostimulation capabilities
(Waeckerle-Men and Groettrup 2005).

Moreover, using GM-CSF-stimulated dendritic cells yielded promising outcomes in a murine
fiborosarcoma model (Ebrahimi-Nik et al., 2018). In separate investigations, a synergistic
approach combining photodynamic therapy, involving the application of a photosensitizer
followed by exposure to sunlight or an artificial light source for reactive oxygen radical release,
alongside dendritic cell vaccination demonstrated efficacy in inducing an immune response
against squamous cell carcinoma (H. Zhang et al., 2018). Additionally, the adenoviral vector
(chimeric Ad5/3 vector) holds the potential for selective activation of dendritic cells, offering

further avenues for therapeutic exploration (Chondronasiou et al., 2022).
1.3.4. Cytokine therapies

The incidence of spontaneously occurring osteosarcoma (OSA) in dogs markedly exceeds
that in the human population, estimated to be approximately 30-50 times higher, with around
45,000 cases reported annually in the United States of America (Anfinsen et al., 2011). In
veterinary oncology, the conventional treatment modality for OSA involves surgical resection
followed by 4-6 cycles of chemotherapy employing carboplatin and/or doxorubicin (Kent et al.,
2004). This therapeutic regimen has demonstrated efficacy in significantly enhancing survival
outcomes (Chun et al., 2005). Notably, dogs undergoing solely surgical intervention, typically
amputation, face a staggering incidence of metastases in the lungs, bones, or soft tissues,
reaching as high as 90% within 14 weeks post-surgery. However, the incorporation of
chemotherapy has shown promise in reducing this rate to 25%. Nonetheless, the average
overall survival time post-diagnosis ranges from 8 to 12 months (Withrow et al., 1991; Mason
2020). A potential alternative therapeutic approach involves cytokine therapy, particularly IL-

2. By augmenting T cell activation, IL-2 administration insert can enhance anti-tumor immunity
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and delay the progression of lung metastases, with the potential for promoting their regression
through the differentiation and activation of NK and T cells (Mitchell et al., 1991).

In canine subjects, IL-2 therapy administration elicited discernible cytokine expression
within lung tissues, concomitant with systemic immune activation characterized by transient
fever and reductions in lymphocyte and platelet counts. Furthermore, heightened expression
of costimulatory molecules and MHCII on monocytes was observed, alongside augmented
cytotoxicity of NK cells. Notably, treated dogs exhibited markedly enhanced overall survival

rates compared to control counterparts matched for disease stage (Dow et al., 2005).
1.3.5. mRNA vaccines

In immuno-oncology, significant attention has been directed toward mRNA vaccines in
recent years, yielding promising outcomes (Van Hoecke et al., 2021). mRNA as an efficient
vehicle for delivering therapeutic proteins to patients, a capacity further enhanced through
molecular modifications (Tusup et al., 2019). Extensive investigation has been dedicated to
leveraging mRNA-encoding tumor antigens to develop efficacious cancer vaccines. The
versatility of mRNA vectors extends to facilitating the introduction of tumor-specific or immune
checkpoint-blocking monoclonal antibodies into patients. Moreover, mRNA vectors have been
explored for their potential in delivering recombinant monoclonal antibodies — complete or
fragmented — targeting tumor antigens, immune cells, or immune activation pathways (Lecocq
et al., 2019; Suurs et al., 2019).

Furthermore, mRNA vaccines hold promise in compelling cancerous transformed cells to
synthesize intracellular toxic proteins, instigating self-destructive mechanisms within the cells.
They also exhibit the potential to modulate the tumor microenvironment to mitigate
immunosuppression. Moreover, mMRNA vaccines have demonstrated utility in developing CARs
(Van Hoecke et al., 2021). These non-tumor antigen mRNA-based immunotherapy strategies

have succeeded in preclinical studies (Van Hoecke et al., 2021).
1.3.6. In situ vaccination

A burgeoning alternative for the eliciting immune response against tumors is in situ
vaccination, a novel approach entailing the local administration of immune-activating agents
into the tumor microenvironment. The mechanism underlying in situ vaccination entails optimal
immune activation without mandating biopsy in all patients (Hammerich et al., 2016). However,
its efficacy may exhibit variability at an individual level (Hammerich et al., 2019). In situ
vaccination instills immune reactions and fosters local inflammation by utilizing aspecific, low-

molecular-weight molecules that engage the innate immune system. These agents are
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delivered directly into the tumor or its microenvironment, harnessing its intrinsic reservoir of
antigens to spur a tailored immune response (Hammerich et al., 2015; Lizotte et al., 2016).
Consequently, a targeted anti-tumor cellular immune response is locally initiated and
propagated systemically throughout the organism, potentially eradicating metastases
(Marabelle et al., 2014; Hammerich et al., 2016; Sagiv-Barfi et al., 2018). TLRs discern diverse
ligands based on their foreign molecular properties. Human TLR1, 2, 4, 6, and 10 (as well as
their analogs in other species) recognize specific lipids, predominantly of bacterial origin.
Conversely, TLR5 and 11 identify foreign proteins, whereas TLR3, 7, 8, and 9 detect nucleic
acids unigue to non-vertebrates (Seledtsov et al., 2015). Furthermore, TLR2 identifies Gram-
positive bacteria, and TLR4 discerns lipopolysaccharides from Gram-negative bacteria. In
contrast, viruses are identified by TLR3 (double-stranded ribonucleic acid, dsRNA), TLR7
(ssRNA), and TLR9 (unmethylated cytosine and guanine separated by a phosphate group,
abbreviated as CpG-DNA). Numerous TLR agonists are promising potential
immunomodulators, with CpG-DNA notably employed in several studies as a TLR9 agonist
(Sagiv-Barfi et al., 2018). Recognition of the unmethylated CpG motif by TLR9 effectively
engenders protection against tumors by instigating cellular immune responses (Li et al., 2007,
Houot and Levy 2009; Marabelle et al., 2013; Sagiv-Barfi et al., 2015; Sagiv-Barfi et al., 2018;
Tsukamoto et al., 2019). Stimulation of APCs by TLR9 agonists augments antigen uptake and
presentation, fostering activation of Th2 cells and cytotoxic T cells (Sagiv-Barfi et al., 2015).
Additionally, TLR9 agonists induce OX40 expression on effector T cells within the tumor
microenvironment. OX40, a costimulatory molecule belonging to the TNFR superfamily
(Vosskuhl et al., 2010; Kursunel and Esendagli 2016), facilitates overcoming the activation
threshold of effector T cells that are already antigen-bound via TCR but remain inactive.
Stimulation of the OX40 molecule also curtails the function of regulatory T cells. Consequently,
combined therapy involving anti-OX40 and CpG has demonstrated favorable outcomes across
various tumor types, including lymphoma (A20), melanoma (B16-F10), colon cancer (CT26),
and breast cancer (4T1) (Sagiv-Barfi et al., 2018).

1.4. Low molecular weight substances and treatment combinations

Low molecular weight substances are capable of modulating the immune response. In our
experiments, we focused on three types of low molecular weight substances: 1) Substances
that act as DAMPs or PAMPs, thereby activating DCs and steering the immune response
towards a cellular direction; 2) Substances with previously proven antitumor effects that
primarily drive the immune response towards a humoral direction and possess strong pro-

inflammatory properties; 3) Preparations capable of inhibiting Tregs. These substances were
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used individually and/or in various combinations. Additionally, we hypothesized multiple effects

for certain molecules (see Figure 7), which will be discussed in detail below.

Figure 7: The three distinct mechanisms of action of the low molecular weight compounds we
employed may potentially facilitate the induction of anti-tumor immune responses. Nucleic acids (DNA
and RNA) act on CD4* and CD8* T cells through the Toll-like receptors of antigen-presenting cells.
Thus, acting on lymphocytes, they enhance the anti-tumor immune response. On the other hand,
these molecules inhibit the function of regulatory T cells via RIG-I receptors. Lipopolysaccharides also
affect T cells, but they induce inflammation.

1.4.1. OX40 and Anti-OX40 (Treg inhibitor)

A pivotal strategy in overcoming intratumoral immunosuppression involves regulating the
adverse effects of Tregs within the microenvironment. Anti-OX40 represents an agonistic
antibody targeting OX40, a costimulatory molecule expressed on both effector T cells and
Tregs (Smyth et al., 2014; Sagiv-Barfi et al., 2018). The OX40 possesses a cytoplasmic tail
capable of binding OX40 ligands present on numerous molecules within the immune signaling
cascade. This engagement induces the expression of proteins that prolong Teffs survival
(Survivin, Bcl-2, Bel-xl, Bfl-1), as delineated in Figure 8 (Jensen et al., 2010; Mascarelli et al.,
2021). Augmenting with anti-OX40 enhances the proliferation of CD4* and CD8* T cells and
amplifies their response to tumor-associated antigens (TAAS). In a particular investigation,
OX40 delineated a subset of high-affinity CD8" T cells that exhibited heightened IFNy
production in situ, with the count of CD8" T cells doubling upon combination therapy with anti-
0OX40 and anti-CTLA-4 (Moran et al., 2016; Deng et al., 2019). Moreover, the synergy between

anti-OX40 and anti-CTLA-4 demonstrated promising outcomes in a 2014 study conducted in
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Oregon, where the combined administration led to observable tumor regression. Notably, this
combination induced the generation of Thl CD4* T cells, known for IFNy expression, and Th2
CD4+ T cells, which produce IL-4, IL-5, and IL-13. These latter cytokines are implicated in B
cell differentiation (Constant and Bottomly 1997; Redmond et al., 2014).

Moreover, a study by Zhang et al., in 2018 elucidated that heightened OX40 expression
orchestrates the suppression of FOXP3 manifestation. OX40 augments the activity of basic
leucine zipper ATF-like transcription factor (BATF) and BATF3, pivotal protein-coding
transcription factors, thereby instigating the repression of FOXP3 synthesis within a
conformationally constrained chromatin milieu (X. Zhang et al., 2018). Essentially, OX40
signaling hinders the transcription of FOXP3 mRNA, thereby impeding the differentiation of
naive CD4" T cells into Tregs, thus furnishing a strategy to attenuate Tregs functionality without
perturbing effector T cells (So and Croft 2007). This orchestrated response proves
advantageous in cancer pathology by recalibrating the tumor microenvironment and
circumventing Treg-mediated immune evasion. Given the direct impact of OX40 and anti-OX40
interventions on T cell populations, they present as versatile therapeutic modalities across a
spectrum of malignancies, obviating the necessity for exhaustive comprehension of tumor-
associated antigenic structures and potentially surmounting issues of primary or acquired
resistance inherent to immune checkpoint blockade therapy (Aspeslagh et al., 2016; Alves
Costa Silva et al., 2020).
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Figure 8: The binding of OX40 receptor and their ligands initiates a signaling cascade that leads to
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CD4* T (Th), regulatory T (Treg) activation, and CD8* T (Tc) expansion. Although the OX40

T cell proliferation
Tcell survival

connection strengthens the antitumor effect, the activation of Th impairs Treg function, reducing tumor
immunosuppression and enhancing the antitumor immune response. Other signaling pathways on Th
cells enhance the cellular immune response, increasing the activation, survival, proliferation, and
cytotoxicity of T cells. Although the pro-inflammatory cytokines produced by Th also help B cell

proliferation, this is less pronounced. (based on Mascarelli et al., 2021).
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1.4.2. Cytosine-Phosphorothioate-Guanine (CpG) (PAMP/DAMP)

Cytosine-phosphorothioate-guanine, abbreviated as CpG, represents an
oligodeoxynucleotide (ODN) ligand that engages TLR9, a transmembrane PRR, assumes a
pivotal role in recognition of PAMPs expressed across a diverse array of infectious agents,
orchestrating subsequent cytokine responses through selective activation of NF-kB and other
transcription factors (Offermanns and Rosenthal 2008; Fagerberg et al., 2014). TLR9
encompasses a DNA binding domain specifically tailored for CpG, a motif ubiquitously
encountered in bacterial and viral genomes (Sun and Reddy 2013; Matz et al., 2019). Upon
localized engagement by CpG, TLR9 catalyzes DC maturation, thereby enhancing TAA
presentation (Jensen et al., 2010; Zhou et al., 2021), among other cascading effects. Mature
DCs exhibit augmented antigen presentation, notably of OX40 ligand (OX40L) (Jensen et al.,
2010). CpG ODNs manifest into three categories contingent upon their structural and
functional attributes: CpG-A, CpG-B, and CpG-C. CpG-A ODNs stimulate plasmacytoid
dendritic cells to elicit robust production of IFNa and TNFa, thereby fostering the activity of
CD8* T cells and NK cells reliant on these cytokines. NK cells, lacking TLR9, necessitate an
intermediary role facilitated by APCs (Marshall et al., 2006; Li et al., 2020). However, they
exhibit diminished NF-kB signaling capacity, producing subdued pro-inflammatory cytokines,
such as IL-6. Conversely, CpG-B ODNs escalate CD40, CD80, and CD86 expression on
APCs, thereby instigating the maturation of diverse immune cell populations, notably B cells.
This phenomenon concomitants a conspicuous elevation in IL-6 and TNFa expression
compared to CpG-A counterparts (Krieg 2002; Li et al., 2020). CpG-C, exhibiting a hybrid
profile of its predecessors, engenders robust cytokine expression, including IFNa, TNFa, and
IL-6. Additionally, CpG-C potently stimulates B cell activation akin to CpG-B, thus affording a
more comprehensive and efficacious immunostimulatory profile relative to CpG-A and CpG-B
variants (Krieg 2002; Li et al., 2020). These attributes position CpG-C as an optimal candidate

for immunotherapeutic applications, particularly in synergy with anti-OX40 interventions.
1.4.3. CpG and Anti-OX40

The synergy between CpG and anti-OX40 has been extensively investigated and delineated
in numerous studies (Sagiv Barfi et al., 2018; Sagiv-Barfi et al., 2018; Zhou et al., 2021; Pieper
et al., 2023), highlighting that CpG-mediated engagement of TLR9 potentiates OX40
expression specifically on CD4" T cells, predominantly among effector T cells. A
comprehensive investigation conducted by Stanford University in 2018 tested this combination
for the first time. It was elucidated the specificity of this phenomenon to OX40, excluding the
immune checkpoint inhibitors CTLA-4 and PD-1. Furthermore, this study revealed that in the

absence of intervention, T cells fail to continually express OX40 following the depletion of
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dendritic cells and macrophages in vitro, even in the presence of CpG. The conclusion
proposed by the investigators is that CpG instigates myeloid cells to secrete cytokines, notably
IL-12, IFNy, and TNFa, thereby fostering OX40 expression in T cells. This mode of action
necessitates an intermediary step for efficacy, both in vitro and in vivo. Intriguingly, intratumoral
administration of CpG was found to upregulate OX40 expression, culminating in significant
tumor regression locally; however, this effect was notably absent in distant, untreated tumors
within the same host. Anti-OX40 monotherapy demonstrated modest efficacy, resulting in
marginal delays in tumor progression at local and distant sites. In stark contrast, the
combination of anti-OX40 and CpG exhibited remarkable efficacy, precipitating complete
regression of treated and untreated A20 lymphomas (Sagiv-Barfi et al., 2018). Notably, this
combined regimen sustained an efficient immune response without inducing exhaustion of
requisite antibodies necessary for counteracting tumor proliferation, thereby facilitating
substantial, if not complete, targeted tumor regression.

Further investigations have corroborated the synergistic efficacy of co-administering CpG
and anti-OX40, elucidating their therapeutic potential across a spectrum of malignancies
including A20 B cell lymphomas (Sagiv Barfi et al., 2018; Sagiv-Barfi et al., 2018; Proskurina
et al., 2023), hepatocellular carcinomas (Zhou et al., 2021), Krebs-2 carcinomas, and Lewis
lung carcinomas (Proskurina et al., 2023). Notably, the latter two malignancies exhibited
comparatively diminished responsiveness to CpG and anti-OX40 therapy, attributed to the
subdued immunogenicity of their tumor-associated antigens (Proskurina et al., 2023).
Nevertheless, the combined regimen of anti-OX40 and CpG retains considerable promise as
immunotherapeutic modalities across diverse cancer phenotypes. Indeed, compelling
evidence underscores the beneficial outcomes of this synergistic approach even in managing

metastatic cancers (Hong et al., 2022).

1.4.4. Retinoic Acid-Inducible Gene | (RIG-1) agonists (PAMP/DAMP and Treg
inhibitor)

The structural characteristics of the viral-derived nucleic acids we employed allow the host
immune system to recognize them as foreign substances. Consequently, TLRs are capable of
detecting these nucleic acids. Additionally, their hairpin termini endow them with RLR agonist
properties. These nucleic acids also contain CpG motifs. This combination of features

enhances their potential to elicit a robust immune response.
1.4.4.1. Influenza A Virus RNA

The innate immune system promptly safeguards against diverse infections through its

capacity to recognize and respond to pathogens in a nonspecific manner. The commercially
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available 3p-hpRNA is a synthetic preparation based on influenza RNA. Upon encountering
influenza A virus (1AV), the innate immune responses are instigated through the recognition of
PAMPs by host PRRs, notably including RIG-I (Thoresen et al., 2021) and presumably TLRs.
Numerous synthetic RIG-I agonists have been scrutinized for their ability to elicit antiviral
defense mechanisms. They are invaluable tools for mechanistic elucidation and potential
pharmacological interventions against IAV infection (Lin et al., 2012; Kulkarni et al., 2014;
Chiang et al., 2015). Among these, a class of short synthetic stem-loop RNAs (SLRs) bearing
triphosphorylated moieties has been engineered to activate the RIG-I pathway, thus
precipitating a robust IFN response (Linehan et al.,, 2018). With a stable RNA tetraloop
strategically positioned to occlude the opposing end of the SLR duplex, RIG-I engagement
with the triphosphorylated terminus of the SLR duplex is ensured. These synthetic SLRs
represent valuable assets for interrogating the intricate mechanisms underlying RIG-I
activation. The genome of the influenza A virus consists of eight SSRNA segments in a
negative-sense configuration. Remarkably, except for plasmacytoid dendritic cells, the innate
immune sensing of 1AV is critically reliant on RIG-I (Diebold et al., 2004; Lund et al., 2004).
Activation of the RIG-I pathway within infected cells instigates the production of IFNs, thus
orchestrating a robust antiviral response against IAV (Kato et al., 2006; Pichlmair et al., 2006;
Habjan et al., 2008; Kato et al., 2008: 5; Schmidt et al., 2009; Rehwinkel et al., 2010).
Bioinformatics analysis unveils the panhandle structure, a concise dsRNA duplex formed
through partial complementarity at the extremities of the viral genome, as the sole conserved
RNA secondary structure among negative-strand viruses (Hofacker et al., 2004). Notably, this
panhandle configuration also serves as the viral promoter region for viruses harboring a

segmented genome (Weber and Weber 2014).

Consequently, it has been postulated that the panhandle structure inherent in the genomic
RNA of negative-strand viruses fulfills the dsRNA requisite for RIG-I activation. In alignment
with this hypothesis, the association of IAV genomic RNA and defective interfering RNA with
RIG-I has been established (Pichlmair et al., 2006; Baum et al., 2010; Rehwinkel et al., 2010).
Notably, the panhandle structure of IAV plays a direct role in RIG-I activation and subsequent
induction of IFN production (see Figure 9) (Liu et al., 2015). Despite its relatively diminutive
size compared to analogous structures in other viruses, in vitro-transcribed 1AV panhandle,

RNA demonstrates binding affinity towards RIG-I and elicits IFN production (Liu et al., 2015).
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Figure 9: RIG-I activation by genomic panhandle structures of IAV and other negative-strand RNA

viruses.: The IAV genomic promoter region adopts alternate RNA structures, such as the panhandle
and corkscrew configurations. The wild-type 1AV panhandle directly binds to and activates RIG-I, while
panhandle variants with destabilizing elements activate RIG-I more efficiently than the wild type.
Whether the IAV promoter region in the corkscrew configuration can activate RIG-I remains unknown
(Liu and Zhou 2019).

During the viral life cycle, the segmented negative-stranded RNA genome is liberated from
the endosomal compartment into the cytoplasm before translocation into the nucleus for viral
transcription and replication. Throughout this intricate process, IAV infection is discerned by
RIG-I, which selectively engages with the panhandle structures intrinsic to viral genomes
(Pichlmair et al., 2006; Weber et al., 2013). The 5-triphosphate segment of RNA, synthesized
by viral polymerases, assumes responsibility for mediating the detection of RNA molecules by
RIG-I. Notably, 5'-triphosphate RNA directly interacts with RIG-I, thereby serving as a critical
determinant for recognition. Consequently, a commercially available, uncapped 5'-
triphosphate hairpin RNA, now designated as 3p-hpRNA, emerges as a distinctive molecular
signature implicated in detecting viral infection by RIG-I. Remarkably, this signature feature is
conspicuous in viruses recognized by RIG-I but conspicuously absent in viruses detected by
MDA-5 (Hornung et al., 2006).

1.4.4.2. Porcine Parvovirus Type 1 DNA

The Porcine Parvovirus (PPV) genome consists of a ssDNA molecule with a negative
polarity, spanning approximately 4—6 kilobases in length. This genomic entity harbors two
distinct open reading frames (ORFs). ORF1 governs the expression of the nonstructural
proteins (NSs) like NS1, NS2, and NS3.

Conversely, ORF2 directs the synthesis of three viral capsid proteins (VPs), namely VP1,
VP2, and VP3, with the latter arising from the proteolytic cleavage of VP2 (Molitor et al., 1983;
Ranz et al., 1989; Bergeron et al., 1996). The terminal regions of the PPV genome feature two
palindrome sequences, which collectively form a characteristic stem-loop and hairpin structure

spanning approximately 120 to 200 nucleotides. This structural motif is facilitated DNA
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replication (Cavalier-Smith 1974; Astell et al., 1985; Cotmore and Tattersall 1987). The hairpin
structure of PPV plays a pivotal role in its replication process, with alterations in size, nucleotide
composition, and structural conformation potentially modulating the stability of this structure,
thereby exerting consequential impacts on viral DNA replication dynamics and possibly

influencing the biological attributes of the virus (Hanson and Rhode 1991).
1.4.4.3. Viral RNA and DNA purified in our laboratory

The purified influenza virus RNA from our laboratory contains the complete viral genome of
the PRS8 strain in segmented form. Due to its hairpin structure, it can act as an agonist for RIG-
| and as a ligand for TLR9, being recognized as foreign due to its negative single-stranded
RNA nature. It is not stable and therefore prepared freshly each time, yet it is non-cytotoxic.

Similarly, the purified DNA preparation from our own isolate of PPV1 also contains the
complete viral genome, with hairpin structures at both ends, and is expected to exhibit similar

effects as seen with influenza.

Literature data on these treatment combinations are currently unavailable.
1.5. IL10, IL6, and IFNy

This section provides a comprehensive overview of the signaling pathways governing the
expression of IFNs and ILs, elucidating their intricate roles in modulating inflammatory
processes. IFNs are stratified into three distinct categories: types |, I, and lll. Type | IFNs are
synthesized by monocytes and fibroblasts, primarily in response to viral incursions. Following
recognition of viral DNA or RNA by PRRs such as TLR9 or RIG-I, several signal transduction
cascades are activated, culminating in the induction of IFN production. Type | IFNs engage
with their cognate receptors upon secretion, subsequently triggering the synthesis of effector
proteins aimed at curtailing viral biopolymer replication (Levy et al., 2011). Similarly, type IlI
IFNs predominantly instigate antiviral signaling pathways and have demonstrated pronounced
efficacy against specific virus families — such as rotaviruses— in contrast to type | IFNs. Despite
their divergent functional profiles, both type | and type Il IFNs engage in closely intertwined
signal transduction pathways (Hermant and Michiels 2014), highlighting the
interconnectedness of these essential immune mediators. Type Il interferons exclusively
encompass IFNy. IFNy exerts pleiotropic effects, including stimulating MHC class | and I
expression on APCs to augment antigen presentation, activation of innate immune cells,
modulation of the Th1/Th2 balance, and mediation of apoptotic pathways. This cytokine is
synthesized by NK cells, CD8" T cells, and CD4* Th1l cells, rendering it a prime candidate for

cytokine enzyme-linked immunosorbent assays (ELISAs). Elevated levels of IFNy detected
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through these assays serve as a reliable indicator of the activation status of these innate
immune cell populations. The expression of IFNy is potentiated notably by IL-12, in addition to
IL-15 and IL-18. Specifically, IL-12, secreted by macrophages in response to IFNy, amplifies
the production of IFNy by activated T cells and NK cells, thereby perpetuating the immune
response (Tau and Rothman 1999). In general, cytokines operate through the Janus kinase
(JAK)-signal transducer and activator of transcription (STAT) pathway, abbreviated as the
JAK-STAT pathway. Lacking intrinsic kinase activity, cytokines rely on this pathway for signal
transduction, culminating in the initiation of gene transcription within the cell nucleus. IFNy
conforms to this paradigm. Upon production of IL-12, JAK2 is activated, followed by
subsequent phosphorylation of STAT4, thereby instigating target gene expression of IFNy
(Morinobu et al., 2002). IFNy triggers its own JAK-STAT signal transduction cascade upon
activation within the host. This process involves the recruitment of JAK1 and JAK2 to the IFNy
and type Il cytokine receptor dimer. Subsequently, JAK1 and JAK2 undergo phosphorylation
and, in turn, phosphorylate STAT1, which then dimerizes and facilitates the transcription of
interferon-stimulated genes (ISGs). These ISGs encode many IFN-dependent proteins, which
orchestrate diverse cellular responses, including the activation of innate immune cells through
MHC regulation, stimulation of NK cell activity, and promotion of Thl cell development and
differentiation (Bhat et al., 2018). Interleukin-6 (IL-6) exerts a pleiotropic immunostimulatory
influence to such an extent that it was initially construed as comprising at least four distinct
molecules. These entities were previously designated as B cell stimulatory factor 2 (BSF-2),
hybridoma growth factor (HGF), IFN-B2, and hepatocyte-stimulating factor (HSF). Subsequent
identification in 1989 revealed these factors to be functionally identical, prompting their
unification under the common appellation of IL-6. Consistent with their former designations, IL-
6 exerts direct effects on diverse cellular processes, including B cell maturation into antibody-
producing cells, stimulation of B cell fusion with myeloma cells, IFN-like antiviral activities, and
induction of protein synthesis in hepatocytes (Kishimoto 1989; Tanaka et al., 2014). The
underlying pathway through which IL-6 orchestrates an inflammatory response becomes
increasingly elucidated in light of these multifaceted actions. Upon synthesis by T cells or
monocytes at the site of inflammation, IL-6 traverses the bloodstream to reach the liver, where
hepatocytes represent one of the select cell types expressing the IL-6 receptor (IL-6R).
Following binding to IL-6R, a type | cytokine receptor, the resultant complex recruits
glycoprotein 130 (gp130), initiating cellular signaling cascades mediated through the JAK-
STAT pathway, notably involving JAK1, STAT1, and STAT3. Upon dimerization, this complex
translocates into the nucleus, thereby orchestrating the transcription of IL-6 target genes, most
of which encode pro- and/or anti-apoptotic proteins (Choy and Rose-John 2017). As previously
elucidated, IL-10 assumes a pivotal role in host immunoregulation, primarily through the

suppression of Thl cytokines, MHC antigens, and macrophage costimulatory molecules. The
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absence of IL-10 during disease states may precipitate dangerous consequences for the host.
While pro-inflammatory molecules may succeed in eliminating the causative agent, unbridled
inflammation could give rise to deleterious side effects. Conversely, an excess of IL-10 can
lead to the complete suppression of inflammatory cells, thereby impeding disease clearance.

The intricate interplay among IL-12, IL-10, and IFNy is depicted in Figure 10 (Trinchieri 2007).
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Figure 10: Three types of interactions between T-helper (Th) 1-mediated release of interleukin-10 (IL-
10), interleukin-12 (IL-12), and interferon-gamma (IFNy) during parasitic (blue marks inside the

macrophage) infections (Trinchieri 2007).

As previously discussed, numerous tumor types exhibit heightened production of IL-10
within their microenvironment, disrupting the delicate equilibrium between IL-10-mediated
immunomodulation and the actions of IFNy and IL-12. This dysregulation facilitates the tumor
cells’ unchecked proliferation. Consequently, quantifying IL-10 levels emerges as a viable
approach for assessing the efficacy of immunostimulatory agents in both untreated and treated

tumors.

1.6. Tumor models

We employed two tumor models that have not been previously utilized in immunotherapy
treatments according to the literature. In human cases, both types of tumors present numerous

challenges in treatment.

1.6.1. The MB49 cell line

Bladder cancer (BC) represents one of the foremost prevalent urogenital malignancies
globally, ranking tenth in incidence, with reported cases reaching up to 573,278 in 2021 (Sung
et al., 2021). Clinical-pathological categorization delineates bladder urothelial carcinoma as
constituting 90-95% of BC instances, with the remaining attributed to bladder
adenocarcinomas and squamous cell carcinomas (Kirkali et al., 2005). BC is classified into
either muscle-invasive BC (MIBC) or non-muscle-invasive BC (NMIBC). The 5-year overall
survival rate for MIBC sans metastasis stands at 36%-48%, whereas MIBC cases exhibiting

distant or regional metastasis yield rates of 5% and 36%, respectively (Lenis et al., 2020).
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Patient prognoses manifest variability contingent upon diverse clinical profiles and pathological
classifications. Presently, standard NMIBC therapy encompasses transurethral resection of
the bladder tumor followed by diverse chemotherapeutic modalities. Radical cystectomy is
contingent upon MIBC metastasis, wherein subsequent therapeutic interventions comprise
chemotherapy, immunotherapy, and targeted therapy (Lenis et al., 2020). Despite notable
advancements in BC diagnosis and treatment, metastasis, drug resistance, and tumor
recurrence persist at elevated rates, owing to profound genomic instability and marked
intratumoral heterogeneity (Witjes et al., 2017; Dy et al., 2017). A suitable orthotopic animal
model, characterized by reproducibility, reliability, and simplicity, assumes paramount
significance in elucidating BC mechanisms. A murine BC model offers numerous controllable
variables within laboratory settings, affording a plethora of experimental parameters (Ratliff
2000). Prior investigations posit the quintessential BC animal model to possess the following
attributes: (1) origination within the bladder; (2) tumorigenesis rooted in urothelial cell
carcinoma; (3) development within an immunocompetent host; and (4) facile reproducibility in
operational terms (Xiao et al., 1999). MB49 cells originate from C57BL mouse bladder
epithelial cells that transformed following a singular 24-hour exposure to the chemical
carcinogen 7,12-dimethylbenz[a]anthracene (DMBA) during the early stages of an extended
primary culture (Summerhayes and Franks 1979). Subsequent transplantation of these
transformed cells into syngeneic murine hosts yielded carcinoma development (Summerhayes
and Franks 1979). Despite their male provenance, karyotypic analyses have revealed a
complete loss of the Y chromosome in 100% of the scrutinized cells (Fabris et al., 2012). This
aberration mirrors a common early occurrence observed in human bladder cancer. Recent
investigations have underscored the ability of MB49 cells to faithfully recapitulate pivotal
aspects of sex-specific disparities in bladder tumor growth dynamics (White-Gilbertson et al.,
2016). Notably, MB49 cells display minimal to negligible expression levels of MHC-Class | and
Il molecules (Lattime et al., 1992). Nevertheless, exposure to interferon-gamma (IFNy) induces
a substantial upregulation in the expression of both MHC Class | and Il molecules (Lattime et
al., 1992).

1.6.2. The Renca CRL-2947 cell line

Renal carcinomas represent a predominant subset of kidney pathologies, constituting a
significant portion of kidney-related malignancies. Renal cell carcinoma, a human malignancy
not uncommonly encountered in clinical practice, exhibits a propensity for metastasis, primarily
within the pulmonary milieu (Cooley et al., 2021). The Renca CRL-2947 cell line, initially
derived from BALB/c mice, stands as a seminal entity among various Renca cell lines

employed as models for kidney adenocarcinoma, tailored for murine experimentation. Renca
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cell lines, including the renowned CRL-2947 strain, have garnered widespread adoption due
to their invasiveness and high proliferative capacity. Although not inherently metastatic, Renca
cells have been documented to incite secondary neoplasms. The metastatic potential of Renca
cells exhibits variability contingent upon the method of application, with instances of metastasis
akin to human disease presentations observed following subcapsular kidney injection and
intravenous administration, mainly manifesting in regional lymph nodes, lungs, and liver
(Hrushesky and Murphy 1973; Salup and Wiltrout 1986; Salup et al., 1987; Oliver et al., 2019;
He et al., 2021).

Conversely, subcutaneous administration tends to yield localized carcinogenic lesions
devoid of metastatic potential (Chakrabarty et al.,, 1994; Sobczuk et al., 2020). Renal
neoplasms portend an unfavorable prognosis within the pantheon of oncological pathologies
(Renca Syngeneic Murine Model), primarily due to insidious tumor initiation characterized by
a paucity of clinical manifestations. Consequently, by the time renal carcinoma manifests
clinically, the window for effective intervention may have closed, hindering the prospects of

tumor regression and patient remission.
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2. Aims

In the course of our inquiries, we investigated the impact of in situ vaccination as a
therapeutic strategy on tumorigenesis, employing diverse murine models. The therapeutic
interventions were conducted on two distinct tumor cell lines: murine bladder carcinoma
(MB49) and murine kidney adenocarcinoma (Renca mouse renal adenocarcinoma). Our
investigations encompassed the administration of numerous immune agonists and
antagonists, inclusive of substances targeting Toll-like receptors 4 and 9, retinoic acid-
inducible gene | (RIG-I), and an agonistic monoclonal antibody targeting the OX40 molecule.
Throughout our experimentation, we evaluated several commercially available agents

alongside those produced within our laboratory.

Our study aimed to identify similarities and differences in treating various tumor types using
low molecular weight therapeutic agents. The parameters examined encompassed survival
rates, incidence of tumor demarcation, and metastatic progression. To accomplish this, we

established the following objectives:

1) Based on the literature, we aimed to evaluate the efficacy of mouse-specific monoclonal
anti-OX40 antibody and CpG (TLR-9 ligand) treatment in two previously untested cell
lines using an in vivo mouse model.

2) We aimed to test lipopolysaccharide (TLR-4 ligand) treatment in an aggressive tumor
cell line to confirm or refute previous literature findings.

3) We aimed to conduct the first trial of harpin RNA (3p-hpRNA, RIG-I agonist) treatment
as a TLR and RLR ligand.

4) We aimed to conduct the first application of various nucleic acids with hairpin termini

(negative single-stranded RNA and single-stranded DNA) as treatments.

Our primary objective was to advance the translational potential of the treatments

described subsequently.
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3. Materials and methods

3.1. The fundamental framework of the investigations

For our investigations, we initially conducted in vitro propagation of the tumor cell lines in
tissue culture for our investigation. Subsequently, we subcutaneously implanted the cells into
the left or right thigh of mice (following a period of 7 days for the acclimatization of the animals),
employing a predetermined cell count established through prior experimentation and/or
literature review. Subsequent to this implantation, we randomly allocated the subjects into
control and treatment cohorts. Upon attaining a tumor diameter ranging between 5-8 (or 8-12)
mm, treatment commenced via intratumoral inoculation of mice. The mice were treated using
the in situ vaccination method, where the treatment cocktails were injected into the central part
of the mice's primary tumors without the use of anesthesia, in accordance with the approved
animal experimental protocols (permit number: PE/EA/00922-7/2021). This therapeutic
regimen was iterated twice for each experimental group, with mice in the control group
receiving no treatment. Our investigation herein sought to scrutinize the efficacy of treatment
in eradicating an established neoplasm. Following the prescribed treatments, diligent
monitoring of tumor dimensions alongside physiological parameters was conducted for both
control and treatment cohorts. The well-being of the murine subjects was assessed daily.
Deceased subjects underwent postmortem dissection, and histological analyses of resultant
tumors were performed. The efficacy of the treatment modality was appraised by evaluating

the presence of tumor progression and distant metastatic dissemination.
3.2. Cancer Cell Lines

In our experimental endeavors, we utilized two distinct cancer cell lineages. Specifically, the
12-dimethylbenzanthracene-induced MB49 murine bladder tumor cell line, MB49-
CVCL_7076-Millipore Cat. #SCC148, (Merck, Darmstadt, Germany) was employed. The MB49
carcinoma cell line was adeptly acclimated to C57BL6/N mice (Animalab, Budapest, Hungary),
ensuring the establishment of optimal experimental conditions. We utilized 75 cm? ventilated
tissue culture dishes (Merck, Darmstadt, Germany) for culturing tumor cells. Initially, cells were
seeded onto the culture plates at a density of 5x10° cells. Cultivation of tumor cells occurred
in RPMI-1640 medium (Merck, Darmstadt, Germany) supplemented with 10% inactivated fetal
bovine serum (FBS, Merck, Darmstadt, Germany), 2 mM glutamic acid (Merck, Darmstadt,
Germany), penicillin (100 U/ml), and streptomycin (100 pg/ml) (in combination, Merck,
Darmstadt, Germany), within an incubator set at 37°C under conditions of 95% humidity and
a 5% CO; atmosphere. The culture reached confluence after three days. Upon reaching 99%
confluency, cell cultures underwent treatment with trypsin-EDTA (Merck, Darmstadt,

Germany), subsequently, cells were washed with 10 ml of sterile phosphate-buffered saline
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(PBS) and centrifuged at 300 g for 10 minutes at 4°C. Lastly, cells were suspended in RPMI-
1640, devoid of FBS and antibiotics. A total of 1x10” MB49 cells (We determined the number
of cells for implantation based on the results of earlier (unpublished) experiments by Béla
Dénes), comprising a 0.2 ml suspension, were subcutaneously instilled into the left musculus
biceps femoris region. Only cell suspensions exhibiting 90% viability, as ascertained via trypan

blue (TB, Merck, Darmstadt, Germany) staining, were used for implantation.

The Renca Renal Adenocarcinoma CRL-2947 cell line, acquired from the ATCC
(Manassas, Virginia, USA), constituted another focal point of our investigations. These tumor
cells underwent cultivation at a controlled temperature of 37°C, under conditions of 95%
humidity and a 5% CO. concentration, within RPMI-1640 medium (Merck, Darmstadt,
Germany). In a manner similar to previous studies, we utilized 75 cm? ventilated tissue culture
dishes (Corning, New York, USA). Initially, cells were seeded onto the culture plates at a
density of 5x10* cells (Hara et al., 2019).This medium was supplemented with 10% inactivated
fetal bovine serum (Merck, Darmstadt, Germany), 2 mM glutamic acid, penicillin (100 U/ml),
and streptomycin (100 pug/ml). Upon reaching confluency (after four days), the cell cultures
underwent treatment with trypsin-EDTA. Subsequently, cells were washed with 10 ml of sterile
PBS and centrifuged at 300 x g for 10 minutes at 4°C, followed by suspension and subsequent
double washing with RPMI-1640 devoid of serum and antibiotics. A total of 3x10°> CRL-2947
cells (as we lacked prior experience with Renca cells, based on previous literature, where
values ranged between 5x10* and 5x10°, we determined the number of cells to be implanted)
(Shvarts et al., 2006; Hara et al., 2019), comprising a 200 pl suspension, were administered
subcutaneously into the region of each murine subject's right musculus biceps femoris (BALB/c
— Animalab, Budapest, Hungary). Only cell suspensions demonstrating 90% viability were

employed for implantation purposes, as determined through TB staining.
3.3. Mice

Throughout the progression of three extensive treatment protocols, we utilized a total of 30
C57BL6/N female mice (Animalab, Budapest, Hungary), aged between 4 and 5 weeks,
alongside 102 BALB/c female mice (Animalab, Budapest, Hungary) of the same age cohort,
each weighing 17 g. These animals were accommodated within mouse enclosures, with a
maximum occupancy of 10 individuals per enclosure, ensuring robust statistical power.
Housing conditions maintained a temperature of 20 + 2°C, humidity levels at 50 + 10%, and a
diurnal rhythm of 12 hours of light followed by 12 hours of darkness, with unrestricted access

to food and water ad libitum.

All procedures involving animal subjects strictly adhered to the guidelines outlined in the

“Care and Use of Laboratory Animals”, as delineated by the Veterinary Diagnostic Directorate,
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National Food Chain Safety Office, Hungary. Tumor implantation was performed following a

seven-day acclimatization period.
3.4. Therapeutic Agents

All interventions were administered utilizing a formulation meticulously selected for its
presumed efficacy. Mice were subjected to intratumoral treatment regimens involving a variety
of concoctions comprising distinct combinations and dosages of commercially available
unmethylated CpG oligodeoxynucleotide (TLR9 ligand — InvivoGen, San Diego, California,
USA), agonistic rat monoclonal anti-CD134/0OX40L receptor antibody (anti-OX40 — Abcam,
Cambridge, UK), lipopolysaccharide from Escherichia coli, serotype 055:B5 (LPS — InvivoGen,
San Diego, California, USA), 3p-hpRNA (5’ triphosphate hairpin RNA) — a selective agonist of
RIG-I (InvivoGen, San Diego, California, USA), or compounds synthesized within our
laboratory, such as influenza virus RNA (IV-RNA), extracted from the mouse-adapted H1IN1
influenza A virus strain PR8 (H1N1 strain A/Puerto Rico/8/1934), and parvovirus DNA (porcine
parvovirus type 1, PPV1-DNA), sourced from a porcine parvovirus 1 isolate. Prior to
administration, all treatment combinations were dissolved in pyrogen-free water. Injection of

the treatment cocktails was targeted at the central region of each neoplasm.
3.5.The purification protocol of nucleic acids produced in our own laboratory

We utilized PR8 influenza virus, propagated on Madin-Darby canine kidney cells (ATCC,
USA) for this study. Parvovirus was isolated on swine testicular cells (ATCC, USA) by Attila

Csagola.

Nucleic acid extraction followed a protocol adapted from Hoelzel AR (1998). Specifically,
200 pl of cell supernatant containing viruses was combined with 75 ul of extraction buffer
(50 mM Tris pH 7.5, 1 mM EDTA, 100 mM NacCl, 1% SDS — Merck, Darmstadt, Germany) and
1.5 ul of Proteinase K (20 mg/ml, Merck, Darmstadt, Germany). The mixture was then
incubated for 120 minutes at 55°C with occasional stirring. After incubation, 75 ul of phenol-
chloroform-isoamyl alcohol (25:24:1 ratio, Merck, Darmstadt, Germany) was added, mixed
thoroughly, and incubated for 5 minutes at room temperature (RT), followed by centrifugation
(5 minutes, 7000 x g). The upper aqueous phase was carefully transferred to a fresh Eppendorf
tube. Next, 75 ul of chloroform-isoamyl alcohol (24:1 ratio, Merck, Darmstadt, Germany) was
added to the aqueous phase, mixed thoroughly, incubated for 5 minutes at RT, and centrifuged
(3 minutes, 7000 x g). The resulting upper phase was transferred to a new tube, and 0.1 volume
(7-8 pl) of 3 M sodium acetate (Merck, Darmstadt, Germany) and 2-2.5 volumes
(approximately 150 pl) of cold (-20°C) ethanol (96%, Merck, Darmstadt, Germany) were

added. The mixture was then incubated overnight at -20°C, followed by centrifugation (5
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minutes, 11000 x g). After discarding the supernatant, the nucleic acids were washed with 150
bl of 70% ethanol (Merck, Darmstadt, Germany), followed by centrifugation (5 minutes, 11000
x g). Finally, the supernatant was removed, and the nucleic acids were dissolved in 100 ul of
TE buffer (10 mM Tris pH 8, 1 mM EDTA pH 8; Merck, Darmstadt, Germany) (Hoelzel A. R.
(1998) Molecular genetic analysis of populations, a practical approach. Oxford University
Press, Oxford, UK).

3.6. Humane endpoints

The animal experimentation conducted herein received explicit approval from the ethics
committee of the Veterinary Diagnostic Directorate, National Food Chain Safety Office.
Authorization for the animal protocols was duly granted by the Government Office of Pest
County Division of Food Chain Safety, Animal Health, Plant Protection Department (permit
number: PE/EA/00922-7/2021).

Mice were humanely euthanized via CO.-induced anoxia upon attainment of a mean tumor
diameter (MTD) measuring 20 mm, or in instances where the animal displayed signs of chronic
pain or distress, or manifested alterations in health and/or well-being (e.g., compromised
mobility, inability to maintain an upright posture, disruption of vital physiological functions).
Post-tumor implantation, mice did not receive any form of anesthetic or analgesic treatment,
as such interventions were deemed to elicit heightened stress (via animal capture and needle
insertion) surpassing the discomfort associated with the condition itself. The expeditious CO.-
mediated sacrifice adhered rigorously to the principles outlined in the Guide for the Care and
Use of Laboratory Animals, as delineated by the National Institute for Health (National
Research Council, 2011). Daily surveillance of the animals' health status was diligently

maintained.
3.7. Pre-Experiments on cell culture

The dosages allocated to each treatment cohort were predicated upon findings from
antecedent investigations conducted by the Department of Microbiology and Infectious
Diseases. Furthermore, an in vitro preliminary assay was performed within the departmental
laboratory antecedent to the commencement of the in vivo experimentation. This preliminary
assessment scrutinized the viability of peripheral blood mononuclear cells (PBMC) after
exposure to varying concentrations of the aforementioned therapeutic agents. Diverse
experimental groups were delineated to evaluate the cytotoxic impact engendered by distinct
dosages and combinations of CpG, anti-OX40, 3p-hpRNA, LPS, IV-RNA, and PPV1-DNA.
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On the 7th day post-tumor implantation and 15 days subsequent to the final treatment
administration, blood specimens were procured from all mice. After the sample collection,
standard cytokine ELISA assays were conducted to quantify the production levels of IFN-y, IL-

6, and IL-10 within each experimental group (our unpublished data).
3.8. Postmortem Data Collection

Throughout the progression of the in vivo experimentation, diligent daily surveillance of all
murine subjects was undertaken, with deceased specimens promptly subjected to necropsy
procedures utilizing stainless steel autopsy scissors and anatomical forceps. Following an
initial external inspection, mice underwent an abdominal incision to assess the primary tumor's
dimensions, any visible anomalies, and the spatial arrangement of internal organs, along with
ascitic fluid presence, if any. The overarching objective of these postmortem evaluations was
to identify overt signs of metastasis and secondary pathology. Given the propensity of
spontaneously arising bladder cancer and renal adenocarcinomas to metastasize to the lungs
and liver, organs including the spleen, liver, kidneys, and lungs were meticulously excised and
preserved in an 8% buffered formaldehyde (Merck, Darmstadt, Germany) solution, ensuring

optimal tissue fixation pending microscopic examination upon experimentation culmination.

Complete excision of the primary tumor was pursued whenever feasible, with observations
recorded regarding consistency, size, shape, as well as the presence of demarcations,
necrosis, or inflammatory foci. In instances where complete removal proved unattainable, a
substantial sample section, delineating the border between affected and unaffected tissues,
was excised instead and likewise preserved in 8% buffered formaldehyde (Merck, Darmstadt,

Germany) suspension.

The harvested organ and tumor specimens were meticulously cataloged within labeled
containers, detailing the treatment group and the dissection date of each murine subject.
Subsequently, these specimens underwent processing within the laboratory facilities of the
Directorate of Veterinary Diagnostics, housed within the National Food Chain Safety Office.
Organ cross-sections were meticulously prepared, labeled, and subjected to standard
hematoxylin-eosin (Merck, Darmstadt, Germany) staining procedures. Following the requisite
drying period, microscopic examination ensued, during which any manifestations of metastasis
or secondary pathology within the organs were documented alongside the histological

characteristics of the primary tumor.
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3.9. Statistical analysis

The average survival time for each experimental group was depicted via a Kaplan-Meier
survival analysis plot, with the statistical significance of the data points evaluated utilizing the
Mantel-Cox (log-rank) test, employing a predetermined significance threshold of p<0.05.
Additionally, to ascertain the statistical significance of average tumor sizes, comparisons were
conducted between each treatment cohort and the PBS control group utilizing the Mann-
Whitney test, or One-way ANOVA, F-test. All statistical analysis were made using GraphPad
Prism version 10.0.0 for Windows (GraphPad Software, Boston, Massachusetts USA,
www.graphpad.com).

3.10. Dosages and Course of Treatment

The selection of primary reagents employed as initial treatments was informed by a
meticulous review of pertinent literature, supplemented by insights gleaned from experimental
endeavors conducted within the Department of Microbiology and Infectious Diseases. Each
substance was procured by the department from diverse suppliers or synthesized within the
confines of the department's laboratory facilities. Table 1 comprehensively delineates the
parameters characterizing a series of three experiments, each involving a substantial cohort
of murine subjects and encompassing details regarding administered treatments and dosages,
murine data, and experimental methodologies. This table provides a comprehensive overview

of the investigative framework.

Table 1: The parameters of the series of experiments.

Experiment No.

First experiment

Second

experiment

Third experiment

Starting date

November 18, 2019

October 5, 2021

February 21, 2023

implanted per mouse

Ending date November 9, 2020 | November 2, 2021 | April 30, 2023

Cell line used MB49 - CVCL_7076 | Renca CRL-2947 | Renca  CRL-2947
(Bladder tumar) (Renal tumor) (Renal tumor)

Number of cells | 1*10’ 3*10° 3*10°

Site of implantation

subcutaneously, the
left musculus biceps

femoris

subcutaneously, the
right musculus

biceps femoris

subcutaneously, the
right musculus

biceps femoris

Mouse strain

C57BL6/N, female

BALB/c, female

BALB/c, female
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Number of mice| 30 30 72 (60 for primary

utilized investigation + 12 for
pre-experiment
cytokine level
assessment)

Number of treated | 10 10 10

mice / group

Number of different | 2 2 5

treatments

Number of control | 10 10 10

mice

Treatment group I.

CpG + anti-OX40

CpG + anti-OX40

CpG + anti-OX40

Dosage (per

occasion per mouse)

50 pg CpG + 5 g
anti-OX40

50 pg CpG + 5 g
anti-OX40

50 yg CpG + 5 ug
anti-OX40

Number of | 3 3 3
treatments
Treatment days (after | 11, 14, 17 14, 17, 20 10, 14, 17

tumor implantation)

Treatment group Il

LPS + anti-OX40

CpG + 3p-hpRNA

CpG + 3p-hpRNA

Dosage (per | 500 ng LPS + 5 ug | 50 pg CpG + 3 pg | 50 ug CpG + 3 ug
occasion per mouse) | anti-OX40 3p-hpRNA 3p-hpRNA

Number of | 3 3 3

treatments

Treatment days (after | 11, 14, 17 14, 17, 20 10, 14, 17

tumor implantation)

Treatment group Il - - 3p-hpRNA

Dosage (per

occasion per mouse)

3 ug 3p-hpRNA

Number of | - - 3
treatments
Treatment days (after | - - 10, 14, 17

tumor implantation)

Treatment group IV.

IV-RNA + anti-OX40

Dosage (per

occasion per mouse)

3,2 uyg IV-RNA + 5
Mg anti-OX40
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Number of | - - 3
treatments
Treatment days (after | - - 10, 14, 17

tumor implantation)

Treatment group V.

PPV1-DNA + anti-
OX40

Dosage (per

occasion per mouse)

1,2 uyg PPV1-DNA +
5 pg anti-OX40

Number of | - - 3

treatments

Treatment days (after | - - 10, 14, 17

tumor implantation)

Control group | No treatment No treatment PBS

treatment

Dosage (per | - - -

occasion per mouse)

Number of | - - 3

treatments

Treatment days (after | - - 10, 14, 17

tumor implantation)

Survival analysis Yes Yes Yes

Primary tumor size | Yes Yes Yes

analysis

Metastatic Yes Yes Yes

progression analysis

(histology)

Cytokine level | No No Yes

analysis

Statistical analysis Statistical analyses | No statistical | Statistical analyses
of survival and | analyses were | of survival and
primary tumor size | conducted. primary tumor size

changes were

conducted.

changes were

conducted.
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4. Results

4.1. First experiment — MB49

The foundation of antitumor immunotherapy lies in the stimulation of the immune system.
In this study, we employed two Pathogen-Associated Molecular Patterns (PAMPS):
unmethylated CpG oligonucleotide, a ligand of Toll-like receptor 9 (TLR9), and
lipopolysaccharide (LPS), acknowledged by TLR4. These were conjoined with an agonistic
monoclonal antibody specific to the OX40 receptor (anti-OX40), expressed not only by
activated regulatory T cells but also by other activated T cell subsets.

Based on prior investigations into the combination of anti-OX40 and CpG, favorable
outcomes have been observed across various malignancies (Sagiv-Barfi et al., 2018). Building
upon this foundation, we postulated that administering an agonistic anti-OX40 antibody
alongside the TLR9 ligand, unmethylated CpG oligodeoxynucleotide, could evoke antitumor
immune responses and eradicate established bladder tumors (MB49) as well as metastases.
To assess this conjecture, we subcutaneously implanted mice with MB49 bladder tumors in
the left thigh, allowing the tumors to establish until reaching an average diameter of 5-8 mm,
subsequently administering the combination of anti-OX40 and CpG or LPS. Post-treatment,
we monitored parameters including mouse survival, tumor growth, and regression alongside

metastatic events.
4.1.1. Assessment of survival times

The experimental timeline spanned 120 days, equivalent to a decade-long observation
period in human analog (The Mouse in Biomedical Research, Volume 3 — 2nd Edition). By day
60, all subjects in control and LPS + anti-OX40 cohorts had succumbed, contrasting with the
survival of five individuals in the CpG + anti-OX40 group. Over the subsequent 60 days, two
additional mice were either deceased or euthanized due to deteriorating health (both on day
79), exhibiting no discernible tumor lesions. Notably, three members of the CpG + anti-OX40
cohort endured until the experiment's conclusion. Noteworthy, the median survival for the CpG
+ anti-OX40 group (69.5 days) markedly exceeded that of the control cohort (28.5 days, p <
0.0042) and the LPS + anti-OX40 cohort (32 days, p = 0.0018). Conversely, no significant
variance was discerned between the outcomes of the LPS + anti-OX40 and control groups
(see Figure 11). Surviving mice from the CpG + anti-OX40 regimen underwent continued

monitoring until reaching respective endpoints on days 142, 236, and 357.
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Survival by different group
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Figure 11: The experimental timeline encapsulates tumor (MB49 — bladder) implantation, treatment
regimens, and survival durations across the various study groups. Our analysis has revealed
noteworthy disparities between the CpG + anti-OX40 treatment cohort and both the control and LPS +
anti-OX40 treated cohorts. The experimental timeline was previously defined to be 120 days, which is

equivalent to a ~ 10 year-long observation period in human analog.
4.1.2. Primary tumor growth and appearance

Three days after the final treatment, tumor dimensions were assessed across all
experimental cohorts and juxtaposed against their pre-treatment sizes (ranging from 5-8 mm).
Evident therapeutic effects of the CpG + anti-OX40 intervention were observed, with a marked
reduction in tumor size evident in 4 out of 10 subjects (20-50% reduction), complete eradication
in 1 subject, and cessation of further tissue proliferation in 2 subjects. Conversely, both the
LPS + anti-OX40 and control groups exhibited a significant escalation in mean tumor diameter
(refer to Table 2). Notably, within the control group, 5 subjects necessitated euthanasia post-

assessment due to surpassing a mean tumor diameter threshold of 20 mm.

In instances of tumor-associated mortalities, notable disparities were discerned across the
various treatment groups concerning the morphology of primary tumors and the extent of
metastatic spread. Among individual subjects within the CpG + anti-OX40 treated cohort where
tumor progression persisted despite therapeutic intervention, primary tumors exhibited signs
suggestive of early demarcation; nonetheless, two instances manifested local invasiveness.
Conversely, within the control group, primary tumors predominantly exhibited a diffuse
appearance, often accompanied by central necrosis, with incipient stroma formation observed

in three cases. Within the LPS + anti-OX40 treated cohort, primary tumors universally exhibited
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local invasiveness, with evidence of necrotic inflammation permeating the entire tumor

microenvironment.

Table 2: Mean tumor diameter (MTD) of primary tumors (measured in millimeters). Assessment was
conducted three days post-administration of the final (3rd) treatment across all three groups, noting that
the control group received no treatment. Remarkable discrepancies were evident among the three
groups (determined via One-way ANOVA, F-test, p < 0.0001).

Mice | Control LPS + anti-OX40 CpG + anti-OX40
1 22.2mm 24.8 mm 5.7 mm
2 20.1 mm 22.6 mm 7.2mm
3 20.9 mm 19.8 mm 8.2mm
4 13.6 mm 24.4 mm 6.4 mm
5 19.7 mm 16.0 mm 4.1 mm
6 20.2 mm 20.8 mm 0.0 mm
7 13.3 mm 20.1 mm 14.4 mm
8 19.2 mm 22.0mm 3.8 mm
9 22.1mm 21.5mm 3.7 mm
10 21.8 mm 19.6 mm 10.6 mm

4.1.3. Metastatic events

In terms of lung metastases, the most favorable outcomes were observed following CpG +
anti-OX40 treatment. Within this cohort, metastatic occurrences were identified in merely five
cases (50%), of which three were macroscopically evident, while two were solely detectable
via histopathological examination. Conversely, both the LPS + anti-OX40 treated, and control
cohorts exhibited macroscopically detectable lung metastases in all twenty subjects (100%)
(refer to Table 3). Notably, metastases in the LPS + anti-OX40 group displayed a more intricate
appearance. Hepatic metastases were identified in two cases (20%) among mice receiving
CpG + anti-OX40 treatment, accompanied by hepatomegaly observed in all dissected
specimens, featuring an inflammatory backdrop in three instances. Conversely, the highest
incidence of liver metastases was observed in the LPS + anti-OX40 treated cohort, occurring
in six cases (60%), compared to four cases (40%) in the control group (refer to Table 3). Renal
metastases were detected in one subject within the CpG + anti-OX40 cohort and in two
individuals within the LPS + anti-OX40 group, with no instances noted in the control group
(refer to Table 3). Notably, neither macroscopic nor histopathological evidence of tumor cell
proliferation was observed in the spleen or brain (refer to Table 3). Regarding splenic

observations, hyperplastic alterations, predominantly lymphoid in nature, were evident in
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several cases across both treatment groups. These findings collectively underscore a reduced
incidence of metastatic development in the CpG + anti-OX40 treated group relative to the LPS

+ anti-OX40 and control cohorts.

Table 3: Histopathological findings revealed a consistent association between tumor-related mortalities
and lung metastasis across all instances (n=25). Additionally, a smaller proportion of cases exhibited

metastases in the liver (n=12) and kidneys (n=3) beyond the predominant pulmonary metastatic

occurrences.
Metastatic events
Treatment : : :
Lung | Liver | Kidney | Spleen | Brain
CpG +anti-OX40 | 5 2 1 0 0
LPS + anti-OX40 | 10 6 2 0 0
Control 10 4 0 0 0

4.2. Second experiment — Renca |.

Building upon our previous findings (described in section “4.1. First experiment — MB49”),
we posited that concurrent administration of the agonistic anti-OX40 antibody alongside the
TLR9 ligand, unmethylated CpG, could elicit an antitumor immune response. Additionally, in
conjunction with CpG, we explored the efficacy of a RIG-I ligand (3p-hpRNA), which holds the
potential for activating immune responses suppressed by tumor cells through alternative
pathways. Our objective encompassed the assessment of inhibiting tumor dissemination and
reducing tumor size in the CRL-2947 model. Subcutaneous implantation of Renca CRL-2947
cells into the right thigh of mice facilitated tumor growth, culminating in an average MTD of 8-
12 mm. Subsequent inoculation with the combination of CpG and anti-OX40 or 3p-hpRNA
ensued. Following treatments, meticulous monitoring encompassed survival durations, tumor
dissemination, and tumor dynamics, including growth and regression. Post-sacrifice,
comprehensive autopsies were conducted on all subjects. Evaluation encompassed
characterization of primary tumor morphology and histological examination of pertinent organs,

including lungs, liver, and kidneys.
4.2.1. Assessment of survival times

The experiments were prematurely terminated 28 days following tumor implantation due to
progressive tumor growth. Notably, by day 26 post-implantation, the majority of mice (28 out
of 30) exhibited primary tumor sizes surpassing the predefined humane endpoint of 20 mm
MTD, necessitating intervention. Subsequently, the remaining two mice (one each from the

treated groups, respectively) were euthanized two days later. It is hypothesized that the

- 49 -



delayed initiation of treatments, commencing on the 14th day post-tumor implantation,
contributed to the irreversible tumor progression. Consequently, any comparison of survival

durations was deemed irrelevant in light of these circumstances.
4.2.2. Primary tumor growth and appearance

Primary tumor dimensions were assessed at baseline and six days subsequent to the final
treatment across all three experimental cohorts. Notably, none of the administered treatments
elicited any statistically significant effect on primary tumor growth. However, intriguing
disparities emerged between treated and untreated groups concerning primary tumor
morphology and metastatic progression. Notably, primary tumors in the CpG + anti-OX40 and
CpG + 3p-hpRNA treated cohorts exhibited signs indicative of incipient demarcation. In stark
contrast, primary tumors in the majority of control group subjects displayed a diffuse
appearance accompanied by necrotic regions (refer to Figure 12).
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Figure 12: Primary tumor (Renca — renal) morphology was scrutinized across distinct experimental

‘A

i
13 14 -

groups, namely: A) untreated, B) CpG + anti-OX40, and C) CpG + 3p-hpRNA. Noteworthy distinctions
emerged, with primary tumors in groups B) and C) manifesting early demarcation, while those in group

A) predominantly exhibited a diffuse appearance accompanied by necrosis in the majority of cases.

4.2.3. Metastatic events

As per existing literature, Renca cell lines traditionally induce metastatic formations
exclusively following intravenous or subcapsular kidney injection (see chapter “1.6.2. The
Renca CRL-2947 cell line”; Hrushesky and Murphy 1973; Salup and Wiltrout 1986; Salup et
al., 1987; Chakrabarty et al., 1994; Oliver et al., 2019; Sobczuk et al., 2020; He et al., 2021).

However, our investigations revealed metastatic occurrences subsequent to subcutaneous
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injection as well. Histological evaluations were conducted across both treated and untreated
(control) cohorts, scrutinizing for metastatic presence in the lungs, kidneys, and liver.
Remarkably, metastases were exclusively detected in the lungs (refer to Figure 13).
Specifically, within the control group, lung metastases were identified in 70% of subjects (7 out

of 10 mice), while none were evident in any of the treated groups (refer to Table 4).

NS

Figure 13: Histological assessments were systematically undertaken in both experimental cohorts,

aimed at discerning the presence of metastatic lesions within the pulmonary, renal, and hepatic

tissues. Intriguingly, metastatic occurrences were solely confined to the pulmonary region, with a

conspicuous predilection observed within the untreated group, indicative of Renca cell proclivity
towards lung metastasis. Sections were meticulously stained utilizing hematoxylin-eosin for

comprehensive histopathological evaluation.

Table 4: Histopathological outcomes pertaining to intratumoral treatments revealed a notable disparity.
Within the control group, lung metastases were identified at a 70% incidence rate, starkly contrasting

with the absence of such occurrences in any of the treated groups.

Mice with metastases (%)
Treatment

Lung Liver Kidney
CpG + anti-OX40 0 0 0
CpG + 3p-hpRNA 0 0 0
Control 70 0 0

4.3. Third experiment — Renca Il.

Upon evaluating the outcomes of our preceding experiment, it became apparent that a
modified protocol was warranted. Accordingly, while the mouse strain (BALB/c) and tumor cell
line (Renca CRL-2947) remained consistent with the previous iteration, significant alterations
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were implemented in treatment regimens. In lieu of the two treatments employed previously
(CpG + anti-OX40 and CpG + 3p-hpRNA), a repertoire of five treatment cocktails was
introduced (CpG + anti-OX40, CpG + 3p-hpRNA, 3p-hpRNA alone, IV-RNA + anti-OX40, and
PPV1-DNA + anti-OX40) — as delineated in Table 1. Furthermore, acknowledging the
aggressive nature of the Renca CRL-2947 cell line, treatment initiation was expedited relative
to the preceding experiment. Technical refinements were also introduced. Prior to embarking
on experiments involving a larger cohort of mice, a preliminary study employing two mice per
group was conducted. The objective was to assess cytokine levels discernible in untreated,
tumor-bearing mice and tumor-free mice subjected to treatment, with a view toward
prognosticating treatment efficacy. Cytokines scrutinized included IFN-y, IL-6, and IL-10.
Additionally, a procedural modification entailed the measurement of primary tumor dimensions
not only once post-treatment but at four intervals (weekly). This approach facilitated an
exploration of temporal dynamics in tumor size alterations alongside delineating the duration
of treatment effects, if any. Relative to the preceding experiment employing the Renca CRL-
2947 cell line, tangible and favorable outcomes were evidenced across all parameters

scrutinized.

4.3.1. Assessment of survival times

Following the preliminary cytokine ELISA results, we commenced a larger-scale experiment
comprising 10 mice per group. Any mortality incidents observed during daily surveillance were
meticulously recorded on the respective day's chart. The inaugural mortality event occurred on
day 21, involving two mice in the untreated PBS group. Subsequent mortalities were diligently
documented until the conclusion of the experiment on day 39. The tabulated data are depicted

in the Kaplan-Meier survival analysis graph below (Figure 14).

On day 38 post-implantation, the surviving mice in each treatment group were compared to
the surviving mice in the control group using a Log-rank Mantel-Cox statistical analysis test (p
< 0.05 threshold). At this juncture, only 20% of the mice from the untreated group remained
alive. The survival rates for the various treated groups were as follows: CpG + anti-OX40: 70%
(significantly higher than that of the untreated group, p = 0.0103), CpG + 3p-hpRNA: 50% (non-
significant), 3p-hpRNA: 50% (significant, p = 0.0467), IV-RNA + anti-OX40: 60% (also
significantly higher than that of the untreated group, p = 0.0349), and PPV1-DNA + anti-OX40:
40% (non-significant). Thus, we observed positive outcomes with three out of five treatments

in terms of survival rates.
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Survival by different groups
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Figure 14: The experimental timeline encapsulates tumor (Renca — renal) implantation, treatment

regimens, and survival durations across the various study groups. Survival times of a total of 60 mice
were monitored over a period of 39 days. The percentage of surviving mice is depicted as a function of
days since tumor implantation. The CpG + anti-OX40 group is denoted in blue, the CpG + 3p-hpRNA
group in orange, the 3p-hpRNA group in purple, the IV-RNA + anti-OX40 group in green, the PPV1-
DNA + anti-OX40 group in brown, and the untreated PBS control group in red. Treatments are

illustrated by cyan dashed lines administered on days 10, 14, and 17.

In regard to survival times, both the CpG + anti-OX40, 3p-hpRNA, and IV-RNA + anti-OX40

groups exhibited significantly higher median survival durations compared to the untreated

group.
4.3.2. Primary tumor growth and appearance

In addition to median survival time, we investigated the primary tumor growth rate as
another variable. Tumor size measurements were conducted in all four groups on days 17, 24,
31, and 38 post-implantation to evaluate disparities between the treated and control group’s
primary tumors. The findings are illustrated in Figure 15, depicting tumor size over time. Each

data point represents the median tumor size in the surviving mice within each group.
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Figure 15: Primary tumor (Renca — renal) growth is depicted as a function of size over time. The CpG
+ anti-OX40 group is represented in blue, the CpG + 3p-hpRNA group in orange, the 3p-hp-RNA
group in purple, the IV-RNA + anti-OX40 group in green, the PPV1-DNA + anti-OX40 group in brown,
and the untreated PBS control group in red. Dotted cyan lines indicate the days on which all tumors

were measured, specifically on days 17, 24, 31, and 38.

Statistical analysis of these values was conducted using a Mann-Whitney test (p < 0.05
threshold), comparing each treatment group to the untreated PBS control on each day of
measurement. Day 17 showed variable results. The CpG + anti-OX40 (p =0.1232), CpG + 3p-
hpRNA (p = 0.9020), 3p-hpRNA (p = 0.0572), and IV-RNA + anti-OX40 (p = 0.9587) groups
exhibited non-significant disparities in primary tumor sizes, whereas the PPV1-DNA + anti-
OX40 (p = 0.0014) group displayed significantly larger tumor sizes compared to the untreated
control group. However, by day 24, significant differences in tumor sizes emerged. The CpG
+ anti-OX40 group (p = 0.0001), CpG + 3p-hpRNA group (p < 0.0001), IV-RNA + anti-OX40
group (p = 0.0002), and notably the PPV1-DNA + anti-OX40 group (p = 0.0146) exhibited
significantly smaller primary tumor sizes. The 3p-hpRNA group, however, generated a p-value
of 0.1591, which was not statistically significant. Day 31 continued along a similar vein but not
as positively. The CpG + anti-OX40 and CpG + 3p-hpRNA groups yielded p-values of 0.0007
and 0.0006 respectively. The 3p-hpRNA group continued to show non-significant differences
in tumor size compared to the control, with a p-value of 0.8889. Additionally, the IV-RNA + anti-
OX40 (p = 0.1693) and PPV1-DNA + anti-OX40 (p = 0.1693) groups exhibited non-significant

differences in primary tumor sizes compared to the untreated control group. By day 38, the
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sample sizes of each group needed to be higher to produce significant results. Analyses of the
CpG + anti-OX40 (p = 0.0556), CpG + 3p-hpRNA (p = 0.1786), 3p-hpRNA (p = 0.6667), IV-
RNA + anti-OX40 (p = 0.6000), and PPV1-DNA + anti-OX40 (p = 0.5238) groups revealed no
significant differences in tumor sizes between any of the treatment groups when compared to

the control.

In this context, it was observed that all treatments (excluding the 3p-hpRNA group)
positively impacted primary tumor growth at least at one juncture. However, it is hoteworthy
that subsequent to the cessation of treatment effects, primary tumors initiated growth in treated

mice as well.

Notable distinctions were observed between the treated and untreated cohorts in terms of
primary tumor characteristics. Generally, treated groups exhibited demarcation surrounding
primary tumors, whereas untreated mice displayed diffuse primary tumors accompanied by
necrosis (Figure 16).
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FAi'gure 16: A histological section depicting a primary tumor (Renca — renal) from an untreated mouse

reveals abundant blood vessels, proliferating cancer cells, and areas of necrosis.
4.3.3. Metastatic events

The ultimate variable assessed encompassed the overall incidence of metastasis across
each group, encompassing the untreated (PBS) control. Table 5 below details the organs
impacted by metastasis in each group. Notably, the total number of mice in each group is
slightly fewer than 10 due to occasional cannibalistic behavior leading to the loss of organ
samples.
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In certain instances, we encountered challenges in pinpointing specific metastatic sites, as
the primary tumor appeared to disseminate within the abdominal cavity. Although these
occurrences may not conform to the conventional definition of metastasis, they nonetheless
signify an uncontrolled proliferation of tumor cells. Hence, we included such instances in the
tally of the “Abdominal Cavity” column in Table 5, denoted by an asterisk (*). Furthermore,
within the PPV1-DNA + anti-OX40 group, among the two cases listed in the “Abdominal Cavity”
column, we identified ovarian metastasis in one case and pancreatic metastasis in the other,

indicated by two asterisks (**).

Table 5: Metastatic incidences across the investigated groups are delineated. Sites of metastasis are
indicated within each column, with the aggregate count of metastatic occurrences in each group

provided in the far-right column.

Treatments Mice with metastases (%)
Lung Kidney | Abdominal cavity* | Total

CpG + anti-OX40 25 (2/8) 0 0 25 (2/8)
CpG + 3p-hpRNA 11.1 (1/9) 0 22.2 (219) 33.3 (3/9)
IV-RNA + anti-OX40 12.5 (1/8) 0 0 12.5 (1/8)
3p-hpRNA 37.5 (3/8) 0 0 37.5(3/8)
PPV1-DNA + anti-OX40 37.5(3/8) 0 25 (2/8)** 62.5 (5/8)
Untreated (PBS) 44.4 (419) 0 33.3(3/9) 77.7 (7/9)

* Disseminated tumor cells detected within the abdominal cavity are included in the overall tally of
metastatic events, notwithstanding their deviation from the conventional definition of metastasis.

** |n one instance, ovarian metastasis was identified, while pancreatic metastasis was observed in
the other.

The incidence of metastasis varied among the treatment groups: CpG + anti-OX40, CpG +
3p-hpRNA, IV-RNA + anti-OX40, and 3p-hpRNA groups exhibited metastasis in 25%, 33%,
13%, and 38% of cases, respectively. Conversely, the untreated (PBS) group displayed
metastasis in 78% of mice. Notably, the PPV1-DNA + anti-OX40 group demonstrated a
reduced occurrence of metastases compared to the untreated group, albeit not when
compared to the other treated groups. A histological illustration of lung metastasis is presented

in Figure 17.
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Figure 17: A histological section of the lung from a mouse in the untreated group reveals the presence

of pneumonia alongside lung metastases.
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5. Discussion

Bladder cancer (BC) and renal cell carcinoma (RCC) represent significant concerns within
the domain of malignant neoplasms and associated mortalities. BC stands out as a prevalent
malignancy within the urogenital sphere globally, holding the tenth position in incidence (Sung
et al., 2021). The clinical-pathological classification underscores bladder urothelial carcinoma
as the predominant histological subtype, encompassing 90-95% of BC cases, while the
residual fraction is apportioned between bladder adenocarcinomas and squamous cell
carcinomas (Kirkali et al., 2005). In men and women, kidney cancer accounts for approximately
5% and 3% of all malignancies, respectively. Notably, kidney cancer ranks as the sixth most
prevalent cancer among men and the tenth among women (Miller et al., 2018). RCC
overwhelmingly constitutes over 90% of all kidney cancers in humans (Hsieh et al., 2017),
thereby accentuating its pivotal role within the realm of oncology.

In individuals afflicted with BC or RCC, the advent of metastases is a common occurrence.
For RCC, approximately 30-50% of localized tumors transition into metastatic disease, and
even post-surgical intervention, nearly 40% of patients with localized RCC manifest distant
metastases (Pavlakis et al., 2004). This underscores the aggressive nature inherent in these
malignancies and underscores the imperative necessity for the identification of innovative

therapeutic modalities.

Accordingly, our experimental endeavors were conducted utilizing tumor cell lines that
function as murine counterparts modeling BC and RCC. Within this context, the harnessing of
the immune system's anticancer potential emerges as a promising avenue for exploration.
Nonetheless, recent apprehensions have arisen concerning the utilization of immune
checkpoint inhibitors in advanced human RCC (Pal et al., 2023). A multimodal strategy
entailing the integration of a low-mass tyrosine kinase inhibitor alongside a monoclonal
antibody targeting programmed cell death ligand was pursued. Noteworthy, both the tyrosine
kinase inhibitor monotherapy and the combination regimen elicited adverse effects, with

survival metrics exhibiting no discernible ameliorative trends.

However, our strategy towards Treg inhibition deviated via a distinctive methodology.
Rather than opting for systemic suppression, we elected for intratumoral injections comprising
agents possessing putative Treg antagonistic properties, specifically CpG + anti-OX40 and
CpG + 3p-hpRNA, subsequently 3p-hpRNA alone, IV-RNA + anti-OX40, and PPV1-DNA +
anti-OX40.
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5.1. Investigation on the MB49 cell line

In our endeavor to explore novel avenues for cancer immunotherapy, we have leveraged a
promising strategy, namely, in situ vaccination, utilizing the combination of CpG and anti-OX40
within the context of the MB49 murine bladder tumor cell line. Subsequently, we adopted this

combination as the standard treatment regimen for all ensuing experiments.

Notably, Sagiv-Barfi et al., have demonstrated the efficacy of in situ vaccination across
various malignancies, including lymphoma (A20), melanoma (B16—F10), colon (CT26), and
breast cancer (4T1) cell lines (Sagiv-Barfi et al., 2018). However, to date, the application of
this method in the context of bladder cancer remains unexplored within the scientific literature.

Our investigation reveals promising insights into the potential efficacy of in situ vaccination
utilizing the aforementioned combination in the MB49 bladder cancer cell line within a murine
model. Nevertheless, our findings exhibit a less robust response compared to those reported
by Sagiv-Barfi et al., (Sagiv-Barfi et al., 2018), potentially attributable to variances in the
immune milieu of the experimental animals, due to the random formation of groups among
mice, as well as the aggressive type of tumor we used. Additionally, treatment duration, interval
between treatments, and concurrent administration of CpG (or LPS) and anti-OX40 may have
influenced treatment outcomes (Messenheimer et al., 2017). Overall, encouraging outcomes
have been garnered in the context of mouse bladder carcinoma through the utilization of CpG
and agonistic anti-OX40 treatment, thus furnishing a framework for subsequent investigations
involving TLR agonists and antagonists. These agents possess the capability to orchestrate
immune responses towards targeted cellular pathways. In situ vaccination presents a
promising avenue for tumor therapy, boasting heightened specificity compared to conventional
chemotherapeutic agents and offering a more economically viable alternative relative to other

immunotherapeutic modalities.

Of particular note, our evaluation of the combination of anti-OX40 and the TLR4 ligand LPS
did not demonstrate enhanced therapeutic efficacy, contrary to expectations. Instead,
administration of LPS alongside anti-OX40 resulted in pathological changes reminiscent of
those described by Sato et al., in 1987 (Sato et al., 1987), characterized by hemorrhagic
necrosis extending into adjacent healthy tissues, thereby potentially exacerbating tumor
aggressiveness and metastatic propensity (Pidgeon et al., 1999; Harmey et al., 2002).
Furthermore, the detrimental impact of endotoxin on survival outcomes suggests caution in its
application. This phenomenon may be attributed to the utilization of an impure lipid-A derivative
in our experimental paradigm or the phenomenon of rapidly developing LPS tolerance reported
by previous authors, leading to the downregulation of anti-OX40 on regulatory T cells (Rockwell
et al., 2010).
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Consequently, we discontinued using LPS in our subsequent studies, emphasizing the
importance of refining treatment protocols to reduce side effects and increase therapeutic
efficacy. As we used an aggressive tumor cell line, this could easily explain the failure of LPS.
In a less aggressive case, the increase in inflammation caused by LPS may result in the
production of tumor-specific B cells. Therefore, it is easy to imagine that the treatment itself
could be effective in such cases. The exact reason for our failure has not been resolved in this
thesis, but we can explain it by regularities in immunology and plan to investigate this in the

future.
5.2. Investigation on the Renca CRL-2947 cell line I.

In our subsequent experimental endeavor, in conjunction with the previously efficacious
CpG + anti-OX40 treatment regimen, we explored an alternative combination aimed at
activating the RIG-1 pathway, hypothesized to evoke an antitumor response. Although these
interventions did not yield tumor eradication or reduction in primary tumor size, notable

observations pertaining to anticancer efficacy emerged.

Primarily, both experimental immunomodulatory cocktails elicited discernible alterations in
the appearance and structural integrity of the primary tumors, characterized by evident signs
of demarcation. In contrast, primary tumors in the control cohort exhibited diffuse morphology
coupled with necrotic manifestations. Moreover, both experimental treatments demonstrated
a remarkable antimetastatic effect, evidenced by the absence of metastatic lesions in mice
treated with the intratumorally administered cocktails, in stark contrast to the 70% incidence of

lung metastases observed in the control group.

These preliminary findings suggest that the intratumorally administered cocktails harbor
promising antimetastatic potential, thereby laying a foundation for further investigative
endeavors aimed at refining therapeutic modalities to convert ostensibly incurable
malignancies into treatable entities. Subsequent investigations are warranted to validate the
efficacy of these treatments in eradicating primary tumors. Successful validation could
potentially facilitate post-treatment surgical excision to preempt recurrence, obviating the need
for adjunctive therapeutic interventions such as chemotherapy. The implications of this inquiry
are of paramount significance in the context of malignancies, given their proclivity for early

metastatic dissemination, underscoring the critical imperative of early detection.

Furthermore, it is imperative to consider the impact of treatment on existing metastatic
lesions. Our findings indicate the absence of detectable metastatic growths prior to
intervention, suggesting a window of opportunity for localized intervention even in instances of

established metastasis. An intriguing avenue for further exploration entails investigating
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whether treatment directed at the primary tumor can localize metastatic foci and impede the
emergence of new tumors, thereby augmenting therapeutic outcomes in advanced disease

states.
5.3. Investigation on the Renca CRL-2947 cell line II.

Building upon the foundational insights gleaned from our initial Renca experiment, it
became evident that while the employed treatments and Treg inhibition exerted discernible
positive effects, optimization of treatment protocols was imperative to enhance therapeutic
outcomes. Consequently, we embarked on a subsequent experimental endeavor

characterized by an iterative approach aimed at refining treatment modalities.

In this follow-up investigation utilizing Renca cells, we explored a repertoire of novel
treatment combinations, incorporating formulations containing proprietary compounds
synthesized within our laboratory. Furthermore, we implemented modifications to experimental
parameters to comprehensively assess treatment efficacy. Noteworthy adaptations included
an augmented frequency of primary tumor measurements, increasing from a single
assessment to four discrete evaluations throughout the experimental timeline. Additionally, we
expanded our investigative scope to encompass the analysis of cytokine profiles, specifically
interrogating levels of key mediators, such as IFN-y, IL-6, and IL-10, within the milieu of tumor-
bearing mice and treated cohorts devoid of tumor burden. To substantiate the anticipated
efficacy of our selected treatment combinations, we conducted a preliminary experiment
employing two mice per group to evaluate the impact of implanted tumors and diverse
treatments on various cytokine levels. Although drawing definitive conclusions from the
preliminary experiment with a small sample size is not feasible, the results are noteworthy.
Differences in cytokine concentrations were observed between the control group and the
treated animals, underscoring the significance of these findings. The cytokines examined
included IFN-y, pivotal for innate and adaptive immunity against viral infections and anticancer
responses; IL-6, implicated in inflammation, immune response modulation, and hematopoiesis;
and IL-10, renowned for its potent anti-inflammatory properties and central role in regulating
the host immune response. The results obtained from the preliminary experiment were

included in the “Appendices” of the doctoral dissertation.

By integrating these refinements, we aimed to elucidate nuanced insights into the interplay
between treatment interventions and immune responses, thereby facilitating the optimization
of therapeutic strategies for Renca-induced malignancies. These iterative efforts underscore
our commitment to advancing the frontier of cancer therapeutics through rigorous scientific

inquiry and methodological refinement.
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Following the culmination of our latest experimental iteration, we have arrived at a pivotal
juncture where the therapeutic interventions under scrutiny exhibit considerable promise.
Notably, discernible and sustained treatment effects have been observed, underscored by
tangible outcomes, including prolonged survival of murine subjects, reduction in primary tumor

dimensions, and attenuation of metastatic dissemination.

In the context of the CpG + anti-OX40 treatment regimen, our expectations were to see an
augmented median survival time in comparison to the untreated group, based on previous
evidence with similar variables (Sagiv Barfi et al., 2018; Sagiv-Barfi et al., 2018; Zhou et al.,
2021; Hong et al., 2022; Pieper et al., 2023; Proskurina et al., 2023). Concurrently, the
exploration of the CpG + 3p-hpRNA treatment paradigm sought to delineate the combined
stimulatory effects of these agents, with a particular emphasis on assessing whether a
commensurate immune-activating response could be elicited upon substitution of anti-OX40.
Furthermore, an independent examination of the RIG-I ligand 3p-hpRNA aimed to elucidate its
precise immunomodulatory effects, given its relatively understudied status compared to its
counterparts. In essence, our investigative thrust revolved around deciphering whether 3p-
hpRNA could engender immune pathway activation akin to CpG, notwithstanding the distinct
provenance of their respective receptors within the broader family of PRRs.

Additionally, the administration of purified IV-RNA and PPV1-DNA, both synthesized within
our laboratory, in conjunction with anti-OX40, was predicated on the hypothesis that these
formulations, akin to 3p-hpRNA, might elicit antitumor responses through RIG-I pathway
activation. The envisaged outcome encompassed a scenario where the median survival times

across all experimental cohorts would, ideally, surpass those of the untreated control group.

While the anticipated outcome was realized within the CpG + anti-OX40, 3p-hpRNA, and
IV-RNA + anti-OX40 treatment cohorts, notable deviations were evident in the remaining
treatment groups relative to the untreated control, where discernible disparities in median
survival times were absent. These findings underscore the intricacies inherent in therapeutic
responses within the realm of cancer immunotherapy, emphasizing the dynamic and
multifaceted nature of treatment outcomes. Consequently, there exists an imperative for
ongoing iterative refinement of therapeutic strategies to maximize efficacy and optimize clinical

outcomes.

Given the absence of neoplastic cell interference in treated mice, cytokine assessment
entailed baseline evaluation, thereby precluding confounding influences. Detection of
augmented levels of pro-inflammatory cytokines in these ostensibly healthy subjects would
corroborate the activation of targeted immunostimulatory pathways, substantiating the

therapeutic efficacy of our interventions.
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The observation of statistical significance in tumor sizes midway through the experimental
timeline suggests a potential efficacy of the administered treatment agents in mitigating tumor
growth rates. However, caution must be exercised in drawing definitive conclusions due to the

limitation imposed by the modest sample size at the 38-day mark.

Furthermore, the observed trends pertaining to metastatic occurrence align with our a priori
expectations. It is well-documented that Renca CRL-2947 tumors typically do not manifest
early metastatic dissemination; however, once the primary tumor attains a critical, life-
threatening size, metastasis becomes an inevitable consequence. Notably, the treatment
modalities not only exerted a mitigating effect on tumor growth but also demonstrated efficacy
in curtailing metastatic spread. Morphologically, treated tumors exhibited early demarcation,
indicative of reactivation of cytotoxic CD8+ T cells and other immune effectors, thereby
engendering discernible delineation between tumor and adjacent tissue. Conversely, untreated
tumors evinced rapid necrotic progression devoid of well-defined boundaries.

Although complete eradication of metastatic dissemination was not achieved, the significant
reduction in its incidence heralds a promising therapeutic outcome. Remarkably, across
metrics encompassing primary tumor dimensions and metastatic occurrence, all treatment
regimens conferred discernible beneficial effects relative to the untreated control group at
various junctures throughout the experimental trajectory.

Despite the promising outcomes observed post-treatment, a discernible decline in the
animals' quality of life necessitated the premature termination of the experiment on day 39
post-implantation. Addressing this challenge, we propose several potential avenues for
refinement. Firstly, augmenting the number or frequency of treatments could offer a pragmatic
approach to enhancing therapeutic efficacy while mitigating adverse effects. Alternatively,
employing a slow-absorption carrier during vaccine administration may serve to alleviate the
need for frequent treatment administrations, thereby alleviating treatment-associated

complications.

Nevertheless, in light of our findings, we contend that these treatment modalities serve as
a robust foundation for future exploration in the realm of immunotherapeutic investigations. To
the best of our knowledge, as of July 2024, no studies have delved into the combined effects
of RIG-I ligands and anti-OX40 as co-stimulants. Furthermore, optimization of treatment
concentrations and frequencies holds promise for yielding even more pronounced therapeutic
outcomes, contingent upon rigorous assessment of cytotoxicity levels prior to translational
endeavors in human or animal trials. The identification of optimal treatment combinations has
the potential to address challenges related to both primary and acquired resistance, as well as

metastatic progression, particularly when integrated with existing oncotherapeutic modalities.
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The exploration of these variables represents a compelling frontier in cancer research, with
the potential to yield transformative insights and therapeutic strategies. Thus, continued
investigation into these avenues holds immense promise for driving innovation and

advancement in the field of oncology.

Table 6 serves as a comprehensive summary of the attained results and a critical evaluation
of the treatments employed, delineating both the favorable and unfavorable outcomes

stemming from our interventions.

Table 6: Meticulous evaluation of antitumor interventions deployed across a series of three trials.
Drawing upon the outcomes garnered from investigations conducted on the MB49 (a) and Renca CRL-
2947 (b) cell lines, key metrics encompassing survival durations, tumor dimensions and the incidence

of metastatic dissemination.

a) MB49 cell line

Treatments Findings Across Various Dimensions

Survival time Tumor size | Metastases

CpG + anti-OX40

LPS + anti-OX40

b) Renca CRL-2947 cell line

Treatments Findings Across Various Dimensions

Survival time | Tumor size | Metastases

CpG + anti-OX40

CpG + 3p-hpRNA

3p-hpRNA
IV-RNA + anti-OX40
PPV1 + anti-OX40

+: We successfully elicited an antitumor response with the treatment.

-: We were unable to elicit an antitumor response with the treatment.

5.4. Conclusions

Our investigations have yielded promising outcomes in mouse bladder carcinoma and

mouse renal carcinoma, leveraging a repertoire of treatments including CpG + anti-OX40, CpG
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+ 3p-hpRNA, 3p-hpRNA, IV-RNA + anti-OX40, and PPV1 + anti-OX40. These findings lay a
foundation for future exploration involving TLR and RLR agonists and antagonists, which hold

the potential to modulate immune responses along cellular pathways.

Collectively, the series of three experiments conducted herein have yielded a multitude of
favorable outcomes, thereby establishing a robust framework for subsequent investigations.
Building upon these results, we posit that in situ vaccination represents a promising avenue
for anti-tumor immunotherapy across diverse malignancies, either as a standalone intervention
or in synergy with conventional or targeted therapies. Nonetheless, refinement of our “in-
house” treatment combinations, dosing regimens, treatment frequencies, and overall treatment
protocols, as delineated in this study and supplemented by our conceptual innovations, is

imperative to further enhance therapeutic efficacy and clinical translation.
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6. Novel Scientific Findings

The findings elucidated within the series of experiments forming the focal point of this
doctoral thesis represent a wealth of novel and invaluable insights in the domain of immuno-

oncology.

1. It was the first case to combine anti-OX40 and CpG (TLR-9 ligand) treatment in
two in vivo murine models: 1) bladder carcinoma derived from MB49 cell line and 2) renal
adenocarcinoma derived from the Renca CRL-2947 cell line. In both cases, significant
improvements were observed: primary tumor sizes were significantly reduced, survival
times were significantly extended, early signs of demarcation were observed, and the
incidence of metastasis showed a decreasing trend.

2. Unlike other studies, we obtained negative results with the combination of anti-
OX40 treatment and LPS (TLR-4 ligand). The treatments did not yield favorable outcomes
in the mouse bladder cancer model, with no significant changes observed in tumor size,
demarcation, metastasis incidence, or survival times.

3. This was the first case where 3p-hpRNA (RIG-I agonist) treatment alone and in
combination with CpG was investigated in a mouse tumor tissue (renal adenocarcinoma
model). Both treatments yielded positive results similar to those observed with the anti-
0OX40 and CpG treatment, including reductions in primary tumor size and early signs of
demarcation (tending), decreased incidence of metastasis (tending), and significantly
extended survival times.

4, For the first time, we examined nucleic acids (RNA from PR8 mouse-adapted
influenza virus strain and DNA from porcine parvovirus type 1 isolated by the Immunology
Research Group) combined with anti-OX40 for treating a mouse renal adenocarcinoma
model. Both treatments resulted in a significant reduction in primary tumor size, observable
early demarcation, a trend towards decreased metastasis incidence, and extended survival

times (significant for RNA, trending for DNA).
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9. Appendices

Preliminary results — Cytokine ELISA tests — Third experiment — Renca ll.

Table 8: A total of twelve mice were subjected to analysis to quantify the production of three cytokines
(IFN-y, IL-6, and IL-10). Mice implanted with Renca CRL-2947 are denoted in the table as “Tumor +7,

whereas those not subjected to implantation are designated as “Tumor -*,

IFN-y (pg/ml) | IL-6 (pg/ml) | IL-10 (pg/ml)

Tumor +, no treatment I. Neg. Neg. 350

Tumor +, no treatment II. 13,125 Neg. 190

Tumor -, CpG + anti-OX40 I. Neg. Neg. Neg.
Tumor -, CpG + anti-OX40 II. 72,5 Neg. Neg.
Tumor -, CpG + 3p-hpRNA I. 13 34 Neg.
Tumor -, CpG + 3p-hpRNA 1. 6,5 Neg. Neg.
Tumor -, IV-RNA + anti-OX40 I. Neg. Neg. Neg.
Tumor -, IV-RNA + anti-OX40 II. 20,5 Neg. Neg.
Tumor -, 3p-hpRNA I. 12,5 Neg. Neg.
Tumor -, 3p-hpRNA II. 37,5 Neg. Neg.
Tumor -, PPV1-DNA + anti-OX40 1. | 42,5 56 1666
Tumor -, PPV1-DNA + anti-OX40 Il. | Neg. 12 Neg.
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Figure 18: Levels of IFN-y in tumor-bearing mice (untreated) and treated mice. Elevated IFN-y levels
were observed following four out of the five treatments (CpG + anti-OX40, IV-RNA + anti-OX40, 3p-
hpRNA, and PPV1-DNA + anti-OX40) relative to untreated tumor-bearing mice.
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Figure 19: Levels of IL-6 in tumor-bearing mice (untreated) and treated mice. Elevated IL-6 levels
were observed in two out of five treatments (CpG + 3p-hpRNA and PPV1-DNA + anti-OX40), relative

to tumor-positive mice.
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Figure 20: Levels of IL-10 in tumor-bearing mice (untreated) and treated mice. All two untreated,
tumor-positive mice exhibited positive results for IL-10. Conversely, mice subjected to any of the
treatments tested displayed negative results (with the exception of one potential outlier in the PPV1-
DNA + anti-OX40 group). In this instance, the outcome is deemed positive, as all treatments
demonstrated the capability to downregulate IL-10 and consequently modulate regulatory T cell
activity. Furthermore, our findings suggest that implanted tumors have the capacity to upregulate Treg

activity in tumor-positive mice.

With respect to cytokine profiles, noteworthy observations emerged whereby all
administered treatments elicited elevation in either IFN-y or IL-6 levels within the murine
bloodstream. Equally significant is the collective finding that each of the five treatment
modalities concomitantly attenuated IL-10 levels as well. This reduction in IL-10 levels holds
profound significance, as it correlates with the suppression of Treg activity, thereby
underscoring the immunomodulatory efficacy of the therapeutic interventions employed.
Although drawing definitive conclusions from the preliminary experiment with a small sample
size is not feasible, the results obtained are noteworthy.
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