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Abstract

Cancer is a multifaceted and intricate disease that poses a significant global health burden and
impacts millions of individuals worldwide. Among the diverse subtypes of cancer, sarcoma stands out
as a rare yet highly aggressive malignancy originating from connective tissues such as bone, cartilage,
and muscle, and presents challenges in diagnosis and treatment. Despite remarkable progress in cancer
research and therapy, the prognosis for sarcoma patients remains low, requiring development of novel
therapeutic avenues.

Cancer immunotherapies focused on generating tumor-specific responses are emerging as
promising alternatives to traditional cancer treatments. T cell-based immunotherapies, such as cancer
vaccines and CAR-T cells, are designed to target tumor antigens and generate long term immune
memory capable of constant surveillance against recurrence. Therefore, the objective of this study is
to establish the groundwork for a novel T cell-based immunotherapeutic approach tailored specifically
to sarcoma.

Throughout the study, we explored various critical aspects associated with the development of
immunotherapy. First, we conducted a proof-of-concept study, evaluating a novel prime-boost vaccine
combination employing anti-DEC205 and oncolytic rhabdoviruses targeting a model antigen in a pre-
clinical model of melanoma. This study showed that using the DEC205 dendritic cell-targeting
antibody as a vector for antigen delivery is a promising alternative to other prime-boost strategies being
evaluated in the clinic (NCT02285816).

To facilitate the translation of this therapeutic approach to clinical applications, a
comprehensive understanding of the human sarcoma tumor immune microenvironment and the
identification of a suitable target antigen are essential. Therefore, we conducted an in-depth immune
profiling of a high grade and aggressive dedifferentiated liposarcoma (DDLS) using gene expression
profiling and immunohistochemistry. We gained valuable insights into the tumor biology and the

complex immunological mechanisms within the tumor immune microenvironment. Notably, we

i



identified a novel antigen that is highly expressed in human DDLS and absent in normal tissues, that
could be used as a potential antigenic target for immunotherapy.

Finally, we evaluated a range of prime and boost vaccine vectors targeting the newly discovered
target antigen in pre-clinical murine sarcoma models. Ultimately, we found that an oncolytic
rhabdovirus prime and a modified vaccinia Ankara virus boost targeting the sarcoma antigen generates
strong antigen specific cellular and humoral responses and protects against tumor growth in a
prophylactic model of sarcoma. Altogether, this study lays the foundations for the development of a T
cell-based immunotherapy employing an oncolytic rhabdovirus and targeting a novel antigen for the

treatment of sarcoma.
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Chapter 1 - General Introduction

1.1 Cancer and sarcoma

Cancer remains the leading cause of death in Canada, where an estimated 2 in 5 Canadians are
predicted to develop cancer during their lifetime, and one in four individuals will die from the disease.!
Despite significant improvement in the survival rates of many cancer subtypes, the incidence of cancer
in Canada continues to rise and presents a significant burden on the healthcare system. Low survival
rates of some cancer subtypes and high rates of recurrence show a need for more effective therapeutic
options.

Cancer is a multifaceted disease resulting from the accumulation of genetic and epigenetic
alterations that enable cells to acquire oncogenic properties and form malignant tumors. Dr. Hanahan
and Dr. Weinberg have delineated a set of functional capabilities associated with all cancers, known as
the hallmarks of cancer.? These include sustained proliferative signalling, evasion of growth
suppressors, resistance to cell death, stimulation of angiogenesis, reprogramming of cellular
metabolism, evading immune destruction, and activating tumor invasion and metastasis.? Continuous
research into the mechanisms of cancer has led to the establishment of four new emerging hallmarks
described as; senescent cells, phenotypic plasticity, non-mutational epigenetic reprogramming, and
polymorphic microbiomes.* The hallmarks of cancer represent the complex nature of this disease, this
framework has been instrumental in our understanding of cancer biology and has paved the way for
remarkable progress in the development of novel cancer treatments. For instance, Health Canada has
granted approval for use first-line use of treatments such as atezolizumab (antibody against
programmed cell death protein ligand (PD-L1)) for NSCLC and pembrolizumab (antibody against
programmed cell death protein (PD-1)) for metastatic or unresectable recurrent head and neck cancer.
Additionally, combination treatments such as trastuzumab (anti-HER2) for HER2 positive breast

cancer in combination with chemotherapy or surgery, and bevacizumab (antibody against vascular



endothelial growth factor-A (VEGF-A)) in combination with chemotherapy for metastatic colon
carcinoma are both indicated for first-line treatment. Although few newly approved cancer therapeutics
change first-line treatment, many are helpful as second and third-line treatment options. Despite these
significant advances, tumor resistance to chemotherapy and radiation therapy, and recurrence and
metastasis continue to present challenges in cancer treatment.

Certain cancer types, such as sarcoma, continue to pose significant challenges to clinicians and
researchers. Sarcoma is a rare and highly heterogenous cancer that arises from mesenchymal tissues
and comprises over 100 histological subtypes of both soft tissue and bone sarcoma. Sarcoma accounts
for less than 1% of adult cancer in Canada, but soft-tissue and other extraosseous sarcomas represent
6% of pediatric cancers.* First-line sarcoma treatment options remain limited to traditional surgery,
chemotherapy and radiation; however, these are largely ineffective due to disease resistance. In
addition, high rates of recurrence and metastasis make this cancer subtype difficult to treat. The overall
survival rate of patients with metastatic or recurrent sarcoma remains low (16-30%)°, suggesting that
novel treatment is required to improve outcome in these high-risk patients. An increasing knowledge
of sarcoma biology could lead to new and more effective therapeutic strategies for sarcoma treatment.
Indeed, several molecular aberrations that are characteristic of certain sarcoma subtypes have been
identified, but few can be effectively therapeutically targeted. For example, Ewing’s sarcoma is
characterised by an EWS-FL1I translocation that results in a fusion oncogene. Although this may seem
like an ideal target for therapeutic application, EWS-FLI directed therapies have failed to reach the
clinic.® Synovial sarcoma is another sarcoma that harbours a translocation, however the SYT-SSX1
fusion product has shown little therapeutic benefit as a target for immunotherapy.” Finally, the
oncogenic driver cyclin-dependent kinase 4 (CDK4) is found to be expressed in 95% of liposarcomas,
however, the used of CDK4 inhibitors has led to mixed clinical results.! Overall, the rarity and
heterogeneity of sarcoma has led to challenges in treatment development, highlighting the need for a

better understanding of tumor biology and the tumor microenvironment.



1.2 Tumor Immune Microenvironment

The tumor microenvironment (TME) comprises proliferating malignant cells and non-
transforming cells such as vascular endothelial cells, fibroblasts, and pericytes, as well as several
immune system components. The interactions between these cell types and structures promote
tumorigenesis and metastasis and form the complex, constantly evolving tumor microenvironment.
Understanding the rapidly changing intercellular interactions between the components of the TME will
help to identify novel therapeutic targets, and to better understand and predict therapeutic outcome.

The immune component of the TME includes immune cells, cytokines, and chemokines, which
can be divided into anti-tumor and pro-tumor components. Anti-tumor immune cells consist of effector
T cells, including cytotoxic CD8+ T cells and effector CD4+ T cells, natural killer cells (NK), dendritic
cells (DC), and M1-polarized macrophages. Cytotoxic CD8+ T cells (CTLs) play a pivotal role in
tumor elimination by functioning as the immune systems primary effectors against cancer. T cell
receptors (TCR) of activated CTLs recognize tumor antigens presented through major
histocompatibility complexes (MHC)-I, engagement of MHC triggers cytoplasmic degranulation of
cytotoxic granules at the immune synapse, thereby releasing perforin and granzymes toward the target
cells. Perforin forms pores in the target cell’s plasma membrane, allowing granzyme (e.g., granzyme
B) to enter and initiate apoptotic cell death pathways.!! Activated CTLs also secrete cytokines such as
interferon gamma (IFNy), tumor necrosis factor alpha (TNFa), and interleukin-2 (IL-2) which can
further activate immune cells.

NK cells can induce cytotoxic cell death by recognizing membrane-bound ligands on target
cells and detect tumors through stress-induced autologous proteins. Notably, NK cells are inhibited by
MHC-I molecules, enabling preferential killing of MHC-I deficient tumor cells.!? NK cells express

various receptors that can activate NK cell responses, among which engagement of CD16 and CD32



high-affinity Fc receptors trigger antibody-dependent cellular toxicity (ADCC), characterized by
secretion of cytotoxic molecules and cytokine release.

CD4+ T cells exhibit diverse functions than can support the activities of CTLs, DCs and B-
cells - making them crucial regulators of both cellular and humoral immunity. CD4+ T cells recognize
peptides presented on MHC-II complexes on antigen presenting cells. Upon activation, naive CD4+ T
cells differentiate into distinct subsets of CD4+ helper T cells (Th), a process influenced by the cytokine
milieu at the site of activation: Th1 differentiation relies on local IL-12, whereas Th2 is driven by IL-
4 in the absence of IL-12.!3 Thl cells are characterized by the production of cytokines such as IFNy,
TNFa and I1-2, and primarily support cell-mediated responses by aiding in the activation of CTLs, NK
cells, and antigen presenting cells (APCs).!* Th2 cells facilitate humoral immune responses and
contribute to B-cell development into antibody-producing plasma cells by secretion of cytokines such
as IL-4, IL-5 and IL-13."* Much like CD4+ T cells, tumor associated macrophage (TAM)
differentiation into the M1 subset is driven by signals derived from the TME. M1 macrophages are
pro-inflammatory and can drive an anti-tumor immune response by the production of TNFa, IFNy and
IL-12. However, the TME is known to polarize TAMs towards the M2 anti-inflammatory phenotype
predominantly. !>

Pro-tumor immune components include CD4+ regulatory T cells (Tregs), M2-polarized
macrophages and myeloid-derived suppressor cells (MDSCs), among others. Tregs are crucial for
preventing autoimmunity but also suppress effector T cell responses against tumors. Tregs develop
from CD4+ T cell differentiation in the thymus, or by activation of naive CD4+ T cells in peripheral
organs in the presence of transforming growth factor beta (TGF- ) and IL-2. Within the context of a
tumor, Tregs inhibit anti-tumor responses through the production of immunosuppressive cytokines
(such as TGF-  and IL-10) which have a wide range of effects on anti-tumor immune cells such as the
inhibition of CTL activity through TGF-$, and polarization of tumor macrophages to an M2 phenotype

by inhibition of IFNy secretion from CTLs. Furthermore, interaction of Treg cell surface molecules
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with receptors on other immune cells can trigger further immune inhibition. For example, binding of
lymphocyte activation gene-3 (LAG3) or cytotoxic T-lymphocyte associated protein 4 (CTLA-4) on
Tregs to MHC-II, or CD80/CD86 costimulatory molecules on DCs can inhibit their activation. The
TME is known to polarize TAMs towards the M2 phenotype by secretion of factors such as IL-10,
VEGEF and platelet-derived growth factor (PDGF). M2-polarized macrophages are characterized as
anti-inflammatory and release cytokines such as IL-6, IL-10 and TGF-B.!> In addition to having anti-
inflammatory characteristics, M2 macrophages can promote tumor progression by favoring
angiogenesis and promoting metastasis.'® Finally, MDSCs create an immunosuppressive
microenvironment by inducing anergy of T cells through depletion of essential factors for T cell
activation and proliferation, and the expression of immunosuppressive molecules such as PD-L1."

In addition to the diverse array of pro- and anti-inflammatory immune cells present in the TME,
immune cells and tumor cells express various immune checkpoint molecules that play a role in
suppressing intra-tumoral T cell responses. One of these checkpoints is programmed death-ligand (PD-
L1), which is frequently upregulated in the TME and binds to the programmed cell death protein (PD-
1) on T cells, resulting in impaired anti-tumor responses.'® Another checkpoint, CTLA-4, expressed on
Tregs competes with CD28 for binding to CD80 or CD86 on antigen presenting cells, reducing APCs’
ability to activate CD8+ T cells.!” Additional checkpoints that inhibit T cell activation include TIGIT;
expressed on T cells and binding to CD155 on APCs, and TIM3; highly expressed by CD8+ T cells

and interacting with CEACAM1 on APCs.?°

1.3 Immune Classification of Tumors

The described complex immune mechanisms significantly contribute to the heterogeneity
observed within the tumor microenvironment, resulting in diverse inflammatory phenotypes between
tumors. Tumors can generally be categorized into 'hot,' 'intermediate,' or 'cold' based on their immune

characteristics. Hot tumors are characterized by a high infiltration of cytotoxic T lymphocytes (CTLs)



expressing PD-1, along with tumor cells expressing PD-L1. Conversely, cold tumors lack CTL
infiltration into the tumor core and show no expression of PD-L1. Intermediate tumors exhibit either
low CTL infiltrate or CTLs localized at the tumor periphery. While there is a consensus that the
immune contexture strongly influences clinical outcomes of cancer patients, this classification system
falls short in meeting clinical needs. As a result, various efforts have been made to establish an immune-
based cancer classification that provides prognostic value and helps stratify patients for optimal
therapeutic benefits.

The first standardized tumor classification system integrating immune composition is the
Immunoscore—a pathology-based assay quantifying CD3+ and CD8+ T cells within both the tumor
core and margins. Successfully integrated into clinical practice, the Immunoscore has emerged as a
prognostic marker in colorectal cancer, effectively predicting high-risk patients with stage II colon
cancer at risk of recurrence.?!?> Ongoing studies seek to understand the prognostic implications of the
Immunoscore across various indications, aiming to enhance patients’ prognostic and therapeutic
management in clinical settings.

Given the intricate nature of tumor-immune interactions, efforts to capture this complexity
using single analytes such as PD-L1, CD3 or CDS8 expression, yields limited and incomplete
information about the TME. Recent immune profiling studies across diverse cancer types have revealed
a far more intricate inflammatory characterization than traditional classifications.?**?¢ For example,
The Tumour Inflammation Signature (TIS) is an 18-gene signature measuring pre-existing but
suppressed adaptive immune responses within tumors, that and has been show to enrich for patients
who respond to anti-PD1 therapy in a Pan-cancer analysis.?’” Another classification focuses on the
composition of the TME, including malignant cells, non-transforming cells and immune cells.
Clustering of tumors based on gene expression levels identified five distinct phenotypes of soft-tissue
sarcoma: immune-desert, immune-low, immune-high, vascularized, immune and tertiary lymphoid

structure high.?® The latter group demonstrated improved survival and a high response rate to PD1
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blockade with pembrolizumab in a phase 2 clinical trial. This sheds light on the potential of B-cell-rich
tertiary lymphoid structures in guiding clinical decision-making and treatments. Altogether, the
collective body of studies highlight the evolving landscape of immune-based classification in cancer

research.

1.4 Cancer immunotherapy

The ability of the immune system to eliminate infected or aberrant cells has long been recognized
in the scientific community and forms the foundation of immunotherapy. One of the earliest
documented instances of immunotherapy can be attributed to William Coley, who observed
spontaneous tumor regression following bacterial, viral, and fungal infections. Inspired by these
observations, Coley injected patients with heat-killed Streptococcus pyogenes and Serratia
marcescens, a treatment that came to be known as “Coley’s toxins”, in an effort to treat unresectable
sarcomas. While some patients experienced complete remission, the precise mechanisms underlying
tumor regression were never fully understood, although it was hypothesized that inflammation played
a role. Over a century later, our understanding of the immune system’s role in tumor control and
progression has significantly advanced, leading to the development of immune checkpoint inhibitors
that have revolutionized the field of cancer immunotherapy. Immune checkpoints, such as PD-1/PD-
L1 and CTLA-4, play a crucial role in regulating immune responses. Blockade of these checkpoints
using antibodies can unleash the activity of tumor specific T cells, leading to enhanced immune
responses against cancer cells. This work was recognised by the awarding of the Nobel Prize in
Physiology to Dr. Allison and Dr. Honjo. Ongoing research continues to provide novel therapeutic
strategies, paving further advancements in the field of cancer immunotherapy.

Cancer immunotherapies aim to leverage the immune system and activate components of innate
and adaptive immune system against malignant cells. As described above, the tumor microenvironment

is a complex system comprising various immune components which can be targeted for therapeutic



interventions. In particular, CD8+ T cells play a central role in anti-cancer immunity by recognizing
tumor associated antigens presented as MHC-I-peptide complexes. This recognition triggers the
activation of cytotoxic T lymphocyte effector functions, leading to destruction of malignant cells and
suppression of tumor growth. A number of studies in humans have demonstrated a positive correlation
between the presence of tumor infiltrating lymphocytes and tumor regression, as well as improved
patient outcomes.?®?° Additional components of the immune system such as Th1, NK cells and memory
T cells (Tmem) also play a role in anti-cancer immunity. Despite host cancer immune surveillance by a
functioning immune system, disease progression is often observed and can be attributed to the tumors
ability to evade these anti-tumor responses.

The recognition and elimination of malignant cells by innate and adaptive immune responses form
a critical defense against cancer. However, immune pressure imposed on the tumor trigger mechanisms
of tumor immune evasion by a process called immunoediting, and involves cancer cells as well as cells
composing the tumor microenvironment.*® Firstly, immunoediting promotes tumor growth by natural
selection of tumor clones that have evaded immune recognition. These cancer cells are often

characterized by reduced immunogenicity due to defects in antigen processing,®! decrease or loss of

32-35 1 36

MHC-I expression, or increased expression of immune inhibitory molecules such as PD-L
These “immunoedited” tumors enter a growth phase where they are no longer controlled by innate and
adaptive immune mechanisms. Furthermore, the tumor microenvironment includes immune regulatory
cells, such as myeloid-derived suppressor cells and tumor associated macrophages, which actively
supress anti-tumor responses mediated by T cells. 37 Moreover, tumor cells themselves secrete
immunosuppressive factors such as TGF-f and IL-10, further compromising T cell function and
facilitating tumor growth.*® To overcome the immunosuppressive mechanisms imposed by tumors,
developing novel approaches that can induce a broad and strong immune response is crucial.

T cell focused cancer immunotherapies based on the induction of large CD8+ T cell populations

specific to tumor cells and generation of long-term anti-tumor immune surveillance are an attractive
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approach to cancer immunotherapy. There are several immunotherapeutic approaches that harness the
power of T cells against cancer; immune checkpoint blockade (ICB) designed to “take the brakes off”
T cell responses, adoptive cellular therapies that consist of infusion of tumor specific T cells/CAR-T

cells, and finally cancer vaccines, designed to stimulate a tumor antigen specific response.

1.4.1 Cancer Vaccines

Therapeutic cancer vaccines are a promising approach to cancer immunotherapy and are
designed to stimulate an immune response against tumor antigens and to eliminate malignant cells.
There are several types of cancer vaccines, including peptide-based vaccines, cell-based vaccines,
nucleic acid-based vaccines, and viral vector-based vaccines. Each of these approaches involves the
presentation of tumor antigens to immune cells to boost a pre-existing response against tumor cells.

One of the most promising approaches to vaccination are recombinant viral vector-based
vaccines. These types of vaccines use a virus to deliver an antigenic payload that is presented to the
immune system. Viral vectors offer several advantages over other vaccine modalities, notably, viral
vectors can deliver large antigenic payloads and induce robust immune responses without the need for
additional adjuvants. Upon vaccination, viral vectors can infect local cells at the site of injection, as
well as antigen-presenting cells like dendritic cells to produce the encoded antigen. Infection of antigen
presenting cells ensures antigen processing and presentation through MHC-I and MHC-II, thus
initiating a potent cytotoxic CTL response.

Viruses possess inherent immunogenic properties that elicit diverse immune responses. Key
among these responses is the activation of the innate immune system through recognition of pathogen-
associated molecule patterns (PAMPs), such as viral RNA or DNA or viral glycoproteins, by pattern
recognition receptors (PRRs) including toll-like receptors (TLRs) expressed on immune cells.
Engagement of PRRs triggers a signalling cascade mediated by NF-«xB, leading to downstream

expression of pro-inflammatory cytokines, particularly type I IFNs (IFN-a and IFN- ). Type I IFNs



are vital cytokines the mediate both the innate immune responses and the development of adaptive
immunity. Namely, type I IFNs promote the maturation of DCs by upregulating the expression of co-
stimulatory molecules (CD80, CD86 and CD40), and MHC-I and -II molecules. This functional
maturation of DCs is essential for the successful priming of naive T cells. Furthermore, recognition of
viral PAMPS by TLR7/8 (RNA) and TLR9 (DNA) leads to the expression of inflammatory cytokines
such as IL-2, IL-6, IL-8 and TNF-a and IFNy. These cytokines promote the recruitment and activation
of components of the adaptive immune system. The viral vectors immunostimulatory effects promote
the generation of robust antibody responses, and long-lasting cellular immune responses.

A commonly used viral vector in antitumor immunotherapy belongs to the Poxviridae family.
Poxviruses are enveloped dsDNA viruses capable of infecting mammalian cells and carrying large
DNA inserts for efficient delivery of transgenes. Among the Poxviridae family, vaccinia virus stands
out as a prominent viral vector used in cancer vaccines. Live attenuated recombinant vaccina virus
encoding tumor antigens such as carcino-embryonic antigen (CEA) and prostate specific antigen (PSA)
have been evaluated in several studies.’**! The modified vaccinia Ankara (MVA) virus MVA is an
attenuated strain of vaccinia, initially intended for Smallpox vaccination, that has also been engineered
for cancer vaccine applications. MV A has been armed with a variety of immunostimulatory cytokines
in combination with tumor-associated antigens such as IL-2 and MUCI antigen for non-small cell lung
cancer*?, or melanoma antigens gp100 or MART-2 and CD80 and CD86 for melanoma.** In addition
to poxviruses, replication-deficient adenovirus (Ad) are valuable viral vectors for cancer therapy. The
efficient gene delivery capabilities and the oncolytic properties of certain adenovirus subtypes make
them valuable tools for cancer treatment. Several ongoing phase I/II trials are currently investigating
adenovirus-based vaccines targeting carcinoembryonic antigen (CEA; ClinicalTrials.gov:
NCT03563157) or melanoma-associated antigen-A3 (MAGE-A3; ClinicalTrials.gov: NCT02285816)
tumor antigens, while others, such as Ad serotype 5-PSA, have completed phase II trials with promising

results. * High levels of antigen-specific antibodies and the activation of CTLs has been documented
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after the administration of these vaccines; however, despite successful induction of an antigen-specific
humoral and cellular immune response, the lack of tumor regression in patients remains a significant

hurdle.

1.4.2 Oncolytic Viruses
The existence of viruses with the unique ability to cause neoplastic death was first recognized
when early case studies reported the regression of cancer during naturally acquired virus infections

such as measles and infleunza**’

or following rabies vaccination*® leading to the concept of “viral
oncotropism”. This led to several early patient studies that evaluated the oncolytic potential of virus
strains such as adenoviruses, herpes simplex virus, paramyxoviruses, picornaviruses and mumps virus.
With our increasing understanding of malignant cell transformation and viral infection, oncolytic
viruses have emerged as a promising class of cancer therapeutics.

Oncolytic viruses (OV) mediate their anti-neoplastic activity through a multi-mechanistic
approach encompassing direct lytic effects, induction of anti-tumor immunity, and vascular collapse.
They can be further potentiated by transgene expression. OVs exhibit a unique ability to selectively
infect and eliminate cancer cells while leaving healthy cells unharmed. Several inherent alterations
within cancer cells, such as defective antiviral signalling pathways (i.e. type I IFN pathway), aberrant
cell cycle control, and resistance to apoptosis, render them highly susceptible to OV infection and
replication.

The therapeutic efficacy of OVs is further enhanced by their intrinsic capacity to induce both
innate and adaptive antitumor immune responses (as described in Chapter 1.4.1). The presence of viral
PAMPs, and the release of DAMPs from lysed tumor cells activate dendritic cells trough TLR
signalling, triggering the production of pro-inflammatory chemokines and cytokines, such as type 1

IFN, TNF-a, and IL-2. These play a crucial role in the recruitment of neutrophils, NK cells and

additional DCs to the site of infection. These responses to OV infection promote intra-tumoral
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infiltration of immune cells, transforming an immunologically “cold” tumor ‘“hot”. Furthermore,
immunogenic cell death triggered by OVs reveals tumor antigens to DCs, activating antigen specific T
cell responses. Another important mechanism by which OVs promote an anti-tumor response is by
inducing upregulation of MHC-I expression on tumor cells, driven by the signalling through cytokines
produced as a result of infection.*’ Altogether, this leads to the generation of a systemic adaptive anti-
tumor immune response that can mediate tumor destruction that persists even after viral clearance by
establishing long-term anti-cancer immune surveillance mechanisms.

Third, OV infection mediates tumor vascular collapse through two distinct mechanisms. OVs
can initiate the formation of micro clots within tumor vasculature in a neutrophil-dependent process,

3051 Another mechanism involves the sensitization

leading to irreversible damage to tumor vasculature.
of vascular endothelial cells to OV infection mediated by VEGF. VEGF secretion within the tumor
microenvironment suppresses antiviral IFN responses through the VEGF-A/VEGFR2/Erk/Stat3
signaling axis, which renders vascular endothelial cells susceptible to OV infection, in turn damaging
blood vessels and promoting viral dissemination into the tumor bed.>?

Finally, the capacity of viruses to produce substantial amounts of viral proteins upon infection
can be harnessed for the expression of therapeutic transgenes, thereby enhancing the efficacy of
viruses. As it became evident that OV mediated oncolysis released tumor antigens into the tumor
microenvironment and initiated an immune response, strategies to maximize clinical benefit of OVs
began to focus on the modulation of these immune responses. OVs can encode transgenes such as
cytokines and chemokines to help modulate the immune response, or tumor antigens to promote a
tumor-antigen specific immune response. An additional benefit of encoding cytokine and chemokines
into OVs is the targeted delivery to the tumor site, as systemically administered chemokines and
cytokines generally lead to unwanted side effects. A notable example of a transgene used in OV therapy

is the granulocyte-macrophage colony-stimulating factor (GM-CSF), which has been employed as a

transgene to improve the antitumor immune response in the clinically approved oncolytic virus therapy

12



T-Vec. Other potent anti-cancer cytokines, such as IL-12, have also been incorporated into oncolytic
viruses for localized delivery to the tumor site, demonstrating promise in various cancer types. >3-
The overexpression of tumor antigens encoded by OVs can further enhance the anti-tumor immune
response, leading to long-term antitumor immunity and protection against cancer recurrence. One
example of an OV therapy targeting a tumor antigen is the heterologous prime-boost using a
replication-incompetent adenoviral vector together with the oncolytic Maraba MG1, both armed with
a transgene expressing the antigen MAGE-A3. This combination significantly prolonged survival in
murine models of cancer’’ and generated large tumor-specific responses in non-human primates.>®
These preclinical studies have led to evaluation of this therapy in human patients with MAGE-A3
positive tumors. (ClinicalTrials.gov: NCT02285816)

Some OVs are naturally occurring and have natural tropism for entry receptors that are
abnormally upregulated in cancer cells, such as CD46 for measles virus, or nectin -1 and -2 by Herpes
simplex virus 1 (HSV-1). OV infection of cancer cells is further enhanced by genetic modifications
aimed at improving viral oncotropism. One strategy involves targeting viruses to tumor cells by fusing
viral proteins with peptides known to bind to tumor-associated receptors, such as EGFR.*
Additionally, viral genes that normally allow for virus infection of normal cells can be manipulated to
enhance cancer selectivity.® Another approach to enhancing viral specificity involves genetic
modification for the selective replication of viruses. This involves placing a promoter to permit
expression of essential viral genes in tumor cells but not in normal cells. For example, the prostate-
specific antigen (PSA) promoter in the E1A region of adenoviruses results in selective adenoviral
proliferation and oncolysis exclusively in prostate cells.®!

To date, there are four globally approved viruses for cancer treatment. The first approved
oncolytic adenovirus H101, which received approval in China. Shortly after, ECHO-7 echovirus was
approved in Latvia. Talimogene laherparepvec (T-vec or Imlygic) is an HSV-1 based OV that has been

approved in multiple countries for the local treatment of unresectable melanoma. More recently,
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teserapturev (Delytact), another HSV-1 based OV, was approved in Japan. These approvals mark
significant milestones in the field of oncolytic virotherapy, demonstrating the clinical potential of these

viruses as a novel approach to cancer treatment.

1.4.3 Vesicular Stomatitis Virus

Vesicular Stomatitis Virus (VSV) is a zoonotic virus that belongs to the rhabdoviridae family
of viruses. VSV infects a wide variety of mammalian and insect cells, and while human VSV infections
rarely occur; they are often completely asymptomatic. VSV is bullet shaped, enveloped virus
containing a single negative-sense RNA virus that encodes five structural proteins: the glycoprotein
(G), membrane (or matrix) protein (M), nucleoprotein (N), and two internal proteins (L and P). The
11-kb RNA genome is fully coated with N protein. It is associated with L and P proteins that form
RNA dependent RNA polymerase (RdRp) involved in viral transcription, together forming the
nucleocapsid. The M protein condenses the nucleocapsid into a tightly coiled helical structure and has
also been described to play a role in later steps of VSV infectious cycle. Finally, the G protein is
organized in the lipid bilayer of the viral membrane that is derived from the host during viral budding
and plays a role in viral entry. VSV viral entry is mediated by G protein binding to the low-density
lipoprotein (LDL) receptor (LDLR) via cysteine-rich LDLR domains CR2 and CD3.6%% Effective
VSV infection has also been observed in cells devoid of LDLR, suggesting the potential role of other
unidentified ubiquitous surface proteins in viral entry.®? Upon binding to LDLR, VSV is internalized
by receptor-mediated endocytosis into clathrin-coated pits, and transported to endosomal
compartments where endosomal acidification triggers pH dependent viral fusion to the endosomal
membrane and viral release into the cell cytosol.** Once in the cytosol, RARp uses negative-sense RNA
as a template for transcription of viral genes into positive sense mRNAs which are subsequently

translated by host ribosomes. Newly formed viral progeny assembles at the host cell plasma membrane
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and is released from the cell by viral budding. Newly formed viral progeny is released from the host

cell 2-6 hours post initial VSV infection.

1.4.3.1 VSV as an Oncolytic Virus

VSV represents a valuable vaccine vector due to its low pathogenicity in humans, lack of pre-
existing immunity, and its ability to accommodate a 40% increase in genome size without a reduction
in infectivity. VSV based recombinant viral vectors have demonstrated both safety and
immunogenicity in pre-clinical and clinical trials and a VSV-based vaccine against Ebola virus has
recently gained regulatory approval for use in humans. The recombinant VSV Ebola virus (rVSV-
ZEBOYV) expresses the Ebola glycoprotein in place of the G gene of VSV, resulting in a highly
attenuated phenotype® and generation of glycoprotein neutralizing antibodies.’”*® VSV is also being
explored as a vaccine platform against viruses such as Zika virus and coronavirus. VSV has proven to
be an effective vaccine vector for immunization against viral infection, and is being used as a vector to
induce an immune response to self-tumor antigens.%7°

VSV exhibits not only promising characteristics as a vaccine vector, but also holds great
potential as an oncolytic agent due to its high tropism for various cancer cell types. VSV has
demonstrated high affinity for cancers including breast cancer’!, cervical cancer’?, glioblastoma,”
melanoma’ and osteosarcoma’®. However, the broad tissue tropism of VSV poses a challenge to its
clinical approval as an oncolytic virus. While systemic administration of oncolytic viruses is preferable
for effectively targeting widespread tumors, metastasis, and brain tumors, the neurotoxicity of wild
type VSV in non-human primates has limited extensive testing of this virus.”®7® Several strategies have
been explored to attenuate VSV pathogenicity in healthy cells and to enhance onco-specificity. One
mechanism by which VSV achieves cancer specificity is through its sensitivity to antiviral IFN-I, a
pathway that is often defective in many cancer types. The M protein of VSV plays a role in inhibiting

innate antiviral responses, such as expression of antiviral IFNa and IFN, by disrupting host
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transcription pathways and host translation. In addition, delayed activation of NF-kB, a factor required
for IFN gene transcription, mediated by the viral M protein further contributes to the evasion of
antiviral responses by VSV. 7?4 Mutations in the M protein can attenuate VSV pathogenicity in normal
cells by preventing the blockade of host anti-viral responses in infected cells.®! An example is the VSV
variant VSVAS51, which contains a deletion of the 515 methionine in the M protein. Similarly, the VSV-
MSI1R variant is attenuated be targeting the M protein by an amino acid substitution from methionine
to arginine at position 51.% By selectively attenuating VSV’s interaction with host antiviral pathways,
the specificity of VSV for cancer cells can be enhanced, increasing its potential as an oncolytic virus.
8 Alternatively, truncating the G protein or introducing a G deletion reduces or blocks the ability to
produce infectious virus.?* Finally, a VSV variant expressing human IFN is being evaluated in phase
I human clinical trial (ClinicalTrials.gov: NCT01628640). The expression of IFNf is designed to
prevent viral replication in normal cells by promoting an antiviral immune response upon infection.
VSV has been successfully used in pre-clinical studies to generate anti-tumor responses and to
prolong survival. Incorporation of a tumor-associated antigen (ovalbumin) into wild type VSV
increased activation of antigen specific T cells which translated to prolonged survival in B16-OVA
tumor bearing mice.® The immunogenicity of VSV encoding tumor associated antigen (TAA) was
further enhanced when used in a heterologous prime-boost regimen, employing an adenoviral vaccine
followed by VSV both expressing the same TAA.3¢%7 Notably, this approach to OV therapy skews the
T-cell response toward the encoded TAA as opposed to the virus, leading to enhanced antigen specific
immunity.3%87 The use of attenuated VSV has generated promising results. VSVA51 shows efficacy
against models of C666-1 nasopharyngeal carcinoma,®® or CT2A astrocytomas.?® VSVAS51 has been
engineered to express different chemokines and cytokines. VSVAS1 engineered to express murine
IFNy enhanced activation of dendritic cells and generated greater tumor-specific immune responses,
and showed improved efficacy compared to parental virus for treatment of 4T1 adenocarcinoma.”

Similarly, intra-tumoral administration VSVAS51 expressing murine IL-12 (in combination with a viral
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sensitizer) improved therapeutic outcomes in CT26WT colon cancer.’! Another approach to OV
therapy that is designed to enhance antitumor immunity by increasing the breadth of antigenic coverage
is the use of an infected cell vaccine (ICV).*? ICV consists of irradiated tumour cells that are infected
with a virus, such as VSV, that acts as a potent adjuvant by inducing rapid innate immune activation
and increasing T cell and NK cell tumor infiltration. *>** In a B16F10 model, tumor bearing mice
treated with irradiated cell prime and ICV (VSVAS51-GMCSF) boost showed significant delay in tumor
growth.”?

Maraba virus is another rhabdovirus that exhibits oncolytic properties and is closely related to
VSV. Two mutations were introduced in the M and P proteins, generating Maraba MG1 variant with
enhanced onco-selectivity and attenuated activity in normal cells.> This virus demonstrated superior
oncolytic activity when compared to a panel of other OV strains, including VSVA51.°® As mentioned
above, this virus is being evaluated in a heterologous prime-boost vaccination using adenovirus and

Maraba MG1 both encoding the target tumor antigen MAGE-A3 (ClinicalTrials.gov: NCT02285816).

1.4.4 Heterologous Prime-Boost Immunotherapy

Traditional vaccine strategies often require multiple doses to achieve optimal immune
responses, however this approach is hindered by the phenomenon of epitope dominance of viral
antigens that shift immune responses away from encoded transgenes. Additionally, the administration
of the same viral vector for both prime and boost vaccination can result in reduced efficacy due to the
development of anti-vector immunity that clears the virus before transgene expression can occur. A
notable approach that overcomes the barrier of anti-vector immunity is a heterologous prime-boost
vaccination utilising different prime and boost vectors that target the same antigen. Prime-boost
combinations of various viral vectored vaccines have been explored in infectious disease and in cancer.
The chimpanzee adenovirus and MVA encoding MAGE antigens in combination with anti-PD1

promoted CD8+ T cell infiltration in tumors and turned a “cold” tumor “hot” in murine models®’, this
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combination has now entered Phase I/II clinical trials for NSCLC (ClinicalTrials.gov: NCT04908111).
Similarly, a poxvirus based heterologous prime-boost using recombinant vaccinia and fowlpox viruses
targeting CEA and MUCI1 showed antigen specific immunity and clinical efficacy in some breast,
ovarian, or colorectal cancer patients in Phase I/II trials.”®

The use of an OV in a heterologous prime-boost regimen is not as widely explored. ORVs have
been described to be potent vectors as they can directly infect follicular B cells in the spleen, providing
an additional site for antigen presentation and large secondary CD8+ T cell expansion. As mentioned
previously, a study by Pol ef al. demonstrated that an oncolytic prime-boost vaccination employing a
recombinant adenovirus (rAd-DCT) as prime and the MG-1 oncolytic virus targeting DCT as a boost
generates a large population of DCT specific T cells and leads to tumor control in mice bearing B16-
F10 tumors.’” The induction of a potent T cell response against a tumor antigen in combination with
tumour infection can break tumor immune tolerance, and subsequent contraction of this adaptive T cell
response generates a high number of memory T cells that actively survey the host against recurrence.
Other prime-boost combinations being explored in the clinic to treat synovial sarcoma and
myxoid/round cell liposarcoma include an NY-ESO-1 targeted regimen using a dendritic-cell targeting
lentiviral vector as a prime and peptide vaccine as a boost.”® Given the number of immunotherapeutic
approaches currently available, many different prime-boost combinations using oncolytic viruses are

possible.

1.4.5 DEC205

Dendritic cells bridge the innate and adaptive immune responses by the activation of CD4+ and
CD8+ T cells. Briefly, DCs constantly take up antigens and pathogens by endocytosis and phagocytosis
which are processed and presented on MHC-peptide complexes. DCs migrate from the site of antigen
acquisition to secondary lymphoid organs where they interact with T cells and stimulate clonal

expansion. T cell activation occurs in three steps; signal one is the recognition of MHC-peptide
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complexes via the TCR, signal 2 is the interaction of costimulatory molecules CD28 on T cells with
CD80/CD86 on DCs, and the final third signal is the cytokine signal that polarizes naive T cells into
effector T cells. The central role DCs play in the initiation of T cell immunity has supported the
development of DC-based vaccination strategies, one promising approach is the targeting of DCs by
DEC205 receptor using antigen-conjugated antibodies.

1.4.5.1 DEC20S5 Receptor Structure and Function

DEC205 is a type I endocytic cell surface receptor that belongs to the category C-type multilectin
receptor (CLR) family, sharing this classification with the macrophage mannose receptor (MMR) and
phospholipase A2 receptor (PLA2R). The extracellular domain of DEC205 contains a cysteine rich N-
terminal domain, a fibronectin type I domain, and multiple C-type lectin domains. DEC205 possesses
a distinctive feature in comparison to other receptors in the C-type multilectin family as it contains a
10 membrane-external C-type lectin domain (as opposed to eight). The cytoplasmic domain contains
an internalization sequence located at its cytoplasmic tail. DEC205 ligands have not been identified to
date, however, its domain structure suggests the potential for recognition of multiple ligands. Initial
studies aimed to determine the physiological ligand of DEC205 revealed that this receptor can
recognize ligands expressed during apoptosis and necrosis in a pH dependent matter, and point to
DEC205 being a recognition receptor for apoptotic and necrotic self.!'% Further studies showed that
DEC205 can bind keratin of apoptotic or necrotic cells at acidic pH through its N-terminal domains.!?!
Lahoud et al. further demonstrated that DEC205 is a key receptor involved in the uptake of synthetic
phosphorothioated cytosine—guanosine oligonucleotides, a clinically used adjuvant that mimics motifs
in bacterial DNA.!'%? Structural comparisons between the homologous DEC205 and MMR provide
further insights into potential binding ligands. The C-type lectin domains in MMR and PLA2 bind
carbohydrates, however, the mannose contact residues that mediate this interaction are not conserved
in DEC205, suggesting that either DEC205 cannot bind carbohydrates, or the additional C-type lectin

103

domains present in DEC205 provide additional mechanisms for carbohydrate binding.'?” Finally, key
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residues responsible for collagen reactivity in MMR are not available for ligand binding in DEC205’s
extracellular domain. ' This same study showed that DEC205 exhibits pH-dependent oligomerization
which has a functional role in ligand recognition. Data suggests that the monomeric form of DEC205
observed in higher pH is the ligand binding component, therefor changes in the pH can affect ligand
binding.!%* Altogether, this data provides evidence that DEC205 could potentially serve as a versatile

receptor, with many possible ligands at different pH levels.

1.4.5.2 DEC205 as a Therapeutic Target

DEC205 was originally found to be expressed on human dendritic cells and thymic epithelial

cells,!03

and further studies noted abundant expression of DEC205 in the T cell areas of peripheral
lymphoid organs, and B cells within B cell follicles, stroma of bone marrow, epithelia of pulmonary
airways and capillaries of the brain.!% Characterization of DEC205 expression on human leukocyte
subsets showed high levels on myeloid DC and monocytes, moderate levels on B cells and low levels
on NK cells, plasmacytoid DC and T cells. 9197 DEC205 expression is also detected in granulocytes
and macrophages. Despite its high expression on dendritic cells and in several other tissues, the
biological function of DEC205 remains unclear.

DEC205 antibodies have been extensively used as surrogate ligands to study DEC205 mediated
adsorptive endocytosis, antigen processing, and antigen presentation. DEC205 targets endocytosed
antigen to late endosome or lysosome multivesicular compartments that are rich in MHC-I1.!% Mahnke
et al. described the two functional regions of DEC205 responsible for the mechanism of late endosomal
targeting; a membrane-proximal region with a coated-pit sequence for uptake, and an acidic EDE triad
for efficient targeting of endocytosed DEC205 to late endosomes/lysosomal compartments high in
MHC-IL.1%® In addition to targeting antigen to MHC-II, DEC205 also mediates cross-presentation of

antigen on MHC-I molecules.!* Moreover, DEC205 can cross-present several peptides from a single

protein.'!0

20



Dendritic cells play a pivotal role in initiating the adaptive immune response by serving as key
antigen presentation cells, and present antigens in the form of MHC-peptide complexes to T cells,
thereby initiation T cell responses. The unique ability of DEC205 to efficiently mediate antigen
presentation on MHC-I and MHC-II molecules has generated significant interest in the targeting of this
endocytic receptor for therapeutic purposes. Endocytic activity of DEC205 can be leveraged as a
vaccine target for effective antibody mediated antigen delivery. Importantly, human DEC205 exhibits
approximately 80% of protein identity to its mouse homolog, suggesting its function is conserved

between species, and allowing for pre-clinical testing of DEC205 targeted therapies.
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Figure 1.1 DEC205 directed antigen delivery using anti-DEC205. Administration of anti-DEC205
conjugated to an antigen in the presence of adjuvants leads to DEC205 receptor mediated antibody
uptake, and antigen processing and presentation on MHC-I and MHC-II molecules, subsequently
activating CD8+ T cells and CD4+ T cells. Conversely, the administration of anti-DEC205 in the
absence of adjuvants will generate immune tolerance towards the antigen.

Early studies of antigen delivery to DC by targeting the DEC205 receptor involved using anti-

DEC205 conjugated to ovalbumin (OVA) combined with anti-CD40 agonist as an adjuvant. These
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studies demonstrated the generation of robust CD4+ and CD8+ T cell response against OVA
epitopes.'?”” Moreover, antigen targeting to DEC205 leads to 100x more efficient antigen presentation
when compared to MMR targeting,'% and proved superior to other techniques, such as targeting DC-
SIGN!? or DC peptide electroporation and DC peptide pulsing.'!! DEC205 targeted antigen delivery
with the use of adjuvant poly-ICLC, have been employed in preclinical studies to elicit immune
responses against various antigens, including those associated with Ebstein-Barr virus!!?, HIV!!3!14)
and human papollomavirus!'>, or cancer antigens such as MAGE-A3'!, In clinical trials, the
administration of DEC205 conjugated to NY-ESO-1, in combination with chemotherapy or checkpoint
inhibitors, has been investigated for multiple malignancies (ClinicalTrials.gov: NCT02166905,
NCTO01834248, NCT03358719, NCT02129075). Studies with reported results demonstrate that the
combined administration of the DEC205-NY-ESO-1 antibody with decitabine in myelodysplastic

17 or with Fl1t3 ligand in melanoma patients,!'!® leads to

syndromes/acute myeloid leukemia patients,
the generation of antigen-specific adaptive and humoral responses. However, it is noteworthy that none
of these studies have reported on outcomes such as response or survival.

In contrast to inducing strong antigen-specific T-cell responses, DC targeting using DEC205
without appropriate maturation stimuli is an effective strategy to induce tolerance against self-antigens
and protect against autoimmunity. This approach has been used in pre-clinical studies of autoimmune
encephalitis'!®, arthritis'?°, and diabetes!?!, and have been shown to ameliorate symptoms or delay
disease onset.

Altogether, the targeted delivery of antigens to DEC205 is an attractive approach to vaccination,
as supported by both preclinical and clinical studies. These findings substantiate its potential as an

approach for developing innovative therapeutic vaccines for cancer, and its use as a vector in a

heterologous prime-boost vaccination.
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1.5 Tumor antigens

The ability of the immune system to distinguish between normal and malignant cells is the
foundation of a successful cancer immunotherapy and relies on the antigenicity of cancer cells. Tumors
exhibit diverse antigens that can potentially provoke tumor-specific immune responses and serve as
targets for immunotherapy. Tumor antigens can be broadly categorized as tumor associated antigens

(TAAs) or tumor specific antigens (TSAs).

Table 1.1 Summary of tumor antigen classes and types of tumor antigens.

Tumor Antigen Classification Antigen Type Examples

Tumor Associated Antigen Self-antigens Survivin, ERBB2
Differentiation antigens MART-1, gp100, PAP, PSA,
Cancer testis antigens MAGE-A3, NY-ESO-1, SSX2,

Tumor Specific Antigen Neoantigens Unique to each patient
Oncoviral proteins HPV E6/E7, HBV X protein

1.5.1 Tumor Associated Antigens

Tumor associated antigens are frequently found to be upregulated by tumor cells while minimally
expressed in healthy tissues, rendering them attractive targets for cancer therapeutic strategies. TAAs
encompass various types; including normal self-antigens, differentiation antigens, and cancer testis
antigens. Notable examples of well-characterized self-antigens that exhibit overexpression in cancer
include ERBB2 (HER2/NEU) and survivin.

Differentiation antigens exhibit tissue-specific expression and are typically expressed in both tumor
cells and their normal cell counterparts. Consequently, targeting these antigens carries the risk of low
tumor specificity and the potential to induce autoimmune toxicity. Differentiation antigens were first
described in melanoma, and include MART-1 and glycoprotein100 (gp100), which play essential roles
in melanocyte differentiation and melanin biosynthesis. Targeting of differentiation antigens identified

in prostate cancer include prostatic acid phosphatase (PAP) and prostate-specific antigen (PSA) hold
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similar promise, notably, PAP targeting autologous active cellular immunotherapy (Sipuleucel-T) has
received FDA approval. Altogether these results highlight the potential of using differentiation antigens
as targets of appropriate cancer immunotherapies, however this approach can be faced with challenges
such as on-target but off-tumor specificity.

Cancer-testis antigens (CTA) are a group of immunogenic tumor-associated proteins that elicit
spontaneous humoral and cellular immune responses and are recognised as targets by CD8+ T
cells.!?2123 CTA protein expression is restricted to immune privileged testicular germ cells that lack
HLA expression and display aberrant expression in certain malignancies, making them an ideal
candidate target for immunotherapy.!'?* Unlike most self-antigens, CTAs are highly immunogenic. The
identification of CTA specific T cells in patients suggests that CTA reactive T cells do not undergo
negative selection in the thymus during the process of central tolerance, thereby adding CTA specific
T cells to the immune repertoire.'? Additionally, strong humoral and cellular immune responses
against several CTAs in cancer patients suggests that the immune privileged expression of CTAs in
germ line cells allows for decreased mechanisms of peripheral tolerance.!?%2” The first cancer testis
antigen was identified in melanoma and was termed melanoma antigen family A,1 (MAGEA1)!?8, this
drove the discovery of other MAGE family members MAGE-A2 and MAGE-A3, as well as the novel

)12* and synovial sarcoma X

antigens New York esophageal squamous cell carcinoma (NY-ESO-1
chromosome breakpoint (SSX2).!?° These antigens were found to be expressed in a wide range of
cancer types, providing promising antigenic targets for immunotherapy. Namely, MAGE-A3 antigen
was targeted in a Phase III trial evaluating MAGE-A3 recombinant protein vaccine for lung cancer.!'3°
Despite demonstrating limited efficacy in this trial, CTAs continued to show promise as therapeutic
targets. In the context of sarcoma, CTAs present an appealing target for an immunotherapy as sarcomas
are generally driven by chromosomal translocations or copy number aberration, leading to low

mutation rates and limiting the amount tumour-specific neoantigens available for targeting.!3! Several

CTAs that are encoded by chromosome X genes are expressed in various malignancies due to
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demethylation of promoter sequences.!*? Notably, the melanoma-associated antigen 3 (MAGE-A3),
New York esophageal squamous cell carcinoma 1 (NY-ESO-1) and synovial sarcoma X chromosome
breakpoint family of proteins (SSX) have been previously identified in sarcoma.!2:133-135

One challenge to using TAAs as therapeutic targets for T cell-based immunotherapies reliant on
the presentation of TAA as MHC-peptide complexes is the presence of central and peripheral tolerance
mechanisms. These mechanisms regulate the ability of T cells and B cells to recognise self-antigens.
Briefly, central tolerance is achieved during the development of thymic T cell receptors (TCR), where
self-reactive TCRs are eliminated from the T cell repertoire through negative selection. However, a
proportion of self-reactive T cells escape thymic selection, leading to the presence of these T cells in
the periphery. Peripheral tolerance encompasses a broad range of mechanisms including signalling of
tolerogenic DCs and CD4+ Tregs that can limit or prevent T cell activation in response to self-

antigens.!3® Therefore, immunotherapies that induce a broad immune response that can overcome

immune tolerance are advantageous for cancer patients.

1.5.2 Tumor Specific Antigens

The second class of antigens are tumour-specific antigens (TSA), which arise from genetic
alterations such as mutations, insertion, deletions, and chromosomal rearrangements that result in non-
synonymous amino acid sequences. These alterations are acquired during the transformation of tumor
cells, rendering them unique to malignant cells and are termed “neoantigens”. Notably, neoantigens
have been shown to exhibit enhanced binding affinity to MHC compared to self-antigens, and can elicit
robust and tumor specific immune responses, making them an attractive target.!3” It is important to
highlight that each tumor possesses a distinct repertoire of neoantigens, shaped by the genetic profile
of each patient and the specific mutations acquired throughout tumor development. This unique

characteristic poses a challenge to the development of effective therapies, particularly in personalised
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therapeutic approaches that require the identification of neoantigens for each individual patient (and
current methods of antigen discovery can be cost-prohibitive).

Tumor-specific antigens can also originate from oncoviral proteins. Viral infections have been
recognized as potential contributors of several cancers, including cervical cancer, oropharyngeal,
hepatocellular carcinoma and Kaposi’s sarcoma. Oncogenic viruses, including human papillomavirus
(HPV) and hepatitis B viruses (HBV), promote survival and proliferation of host cell through the
expression of oncoviral proteins such as HPV E6 and E7, or HBV X protein. When expressed within
tumor cells, these viral proteins can be presented on MHC molecules, thereby serving as foreign
antigens that can be recognized and targeted by adaptive immune cells and present attractive targets

for therapeutic interventions.

1.6 Rationale and goals

Cancer is a complex and multifaceted disease that affects millions of people worldwide.
Sarcoma, a type of cancer that arises from connective tissues such a bone, cartilage, and muscle,
represents a rare but aggressive form of cancer that poses significant challenges in both diagnosis and
treatment. Despite substantial advances in cancer research and treatment, the prognosis of patients with
sarcoma remains low, highlighting an urgent need for novel treatment modalities.

We propose that a T cell-based immunotherapy employing oncolytic rhabdoviruses and
targeting a tumor antigen can be an alternative treatment for sarcoma patients. The overall objective of
this research is to establish the foundations for a novel immunotherapeutic approach tailored to
sarcoma.

Throughout this study, we investigated various critical aspects related to the development of
immunotherapy. We conducted a proof-of-concept study evaluating a novel prime-boost combination
using anti-DEC205 and Maraba MG1 targeting a model antigen. To facilitate the translation of this

therapeutic approach to a clinical setting, a comprehensive understanding of the dedifferentiated
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liposarcoma (DDLS) tumor immune microenvironment and the identification of a suitable target
antigen is required. Therefore, we conducted in-depth immune profiling of DDLS, and gained a better
understanding of DDLS tumor biology and the complex immunological mechanisms at play within the
TME. Finally, we evaluated various prime and boost vaccine vectors employing the newly discovered
antigen in pre-clinical models of murine sarcoma, and assessed the antigen specific and systemic

immune responses following vaccination.
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2.1 Introduction

As knowledge of the important role played by the immune system in preventing tumor growth
in healthy individuals has expanded over the last decades, immunotherapy has emerged as a viable
treatment option for cancer.'*® One form of immunotherapy that has gained recent regulatory approval
employs oncolytic viruses (OVs). OVs are live, replicating viruses selected or genetically modified to
preferentially target and kill cancer cells while leaving healthy cells relatively unharmed.'*® This is
possible owing to the fact that cancers exhibit many characteristics that are conducive to successful
viral replication, such as resistance to apoptosis, increased nucleotide synthesis, and an impaired
antiviral response.!*’ OVs elicit their anti-cancer effects through multiple mechanisms and following
tumor cell lysis and immunogenic cell death, can trigger anti-cancer immune responses.!'*! In addition
to Imlygic, an intratumorally delivered oncolytic herpes simplex virus 1 (HSV-1) strain approved for
treatment of late-stage melanoma, many different viruses have been clinically evaluated for their
potential as OVs, including many that can be delivered intravenously (i.v.), such as (but not limited to)
measles virus,'#? coxsackie virus,'** and rhabdoviruses, like vesicular stomatitis virus (VSV) and the
closely related Maraba virus (MG1).!* Additional attenuating genetic modifications are generally
introduced into OVs in order to increase their safety profile. For example, oncolytic rhabdoviruses are
attenuated by deletion of the matrix protein in VSV (termed VSVAS51) and mutation of components of
the matrix and glycoproteins in MG1.!* In addition, OVs can be genetically manipulated to encode
proteins that either help to establish a productive infection of cancer cells or encode cytokines and/or
immunogenic antigens, such as cancer antigens.

It is known that OVs can elicit in situ cancer vaccine effects and relieve local
immunosuppression through the induction of immunostimulatory cytokines. In this environment,
dendritic cells (DCs) can phagocytose dead/dying infected tumor cells and prime an anti-tumor as well
as antiviral immune response in the draining lymph node.'* However, the heterogeneous nature of

cancer has resulted in limited efficacy of OVs as monotherapies and has steered researchers to
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investigate combinations of these biologics with other therapies that not only enhance OV infection of
tumors but also enable anti-tumor immune responses.!4-148

Typical vaccination regimens are generally not limited to a single dose and can be made more
effective by multiple immunizations. This can involve the administration of additional homologous
(matched vaccine) or heterologous (unmatched vaccine) doses.!* In the context of cancer vaccines, it
has been recently shown that a heterologous prime-boost strategy, where an initial priming dose of an
adenovirus virus encoding a cancer antigen is administered, followed by a boosting dose of an oncolytic
rhabdovirus encoding the same antigen, can be effective to eradicate tumors.!>° This strategy has been

shown to induce robust and long-term effector T cell responses®®-

and is currently undergoing clinical
evaluation for multiple antigens and indications (ClinicalTrials.gov: NCT02285816, NCT02879760,
NCT03618953, and NCT03773744).

As a boosting component, oncolytic rhabdoviruses are thought to be uniquely effective because
in addition to infecting tumor and breaking local immunosuppression, they efficiently, but non-
productively, infect splenic B cells, which provides an additional source for antigen presentation to
DCs, resulting in secondary expansion of T cells.!>!

To prime the oncolytic rhabdovirus boost, current clinical trials employ a nonreplicating
adenovirus serotype 5 (AdS5) vector expressing a shared cancer antigen (e.g., MAGE-A3,
ClinicalTrials.gov: NCT02285816). Questions regarding the importance of vector seropositivity were
raised recently following Merck’s failed phase II clinical trial of a trivalent human immunodeficiency

virus (HIV) vaccine delivered in an Ad5 vector.!>?

Indeed, Ad5 seropositivity is sometimes an
exclusion criterion in vaccine and gene-therapy clinical trials employing this vector.!>* Approximately
30%—40% of the North American population is seropositive for Ad5, and this proportion approaches
an 85% average globally, posing a potential limitation to the widespread use of Ad5 as a priming vector

for the oncolytic rhabdovirus heterologous prime-boost cancer immunotherapy strategy. 134156
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DEC205 is a C-type lectin endocytic receptor highly expressed on certain DC subtypes. 17

Chimeric antibodies specific to DEC205 fused with an antigen of interest (anti-DEC205 [aDEC205])
have been shown to be an effective strategy to target fused antigens directly to DCs, inducing robust
cellular and humoral responses when combined with adjuvants.!’®!> To overcome potential issues
with Ad5 and other viruses that could be used as priming vectors but that may have the potential to be
affected by pre-existing immunity, we hypothesized that chimeric aDEC205 antibodies could provide
an effective alternative. In this study, we modeled and evaluated the impact of pre-existing immunity
on AdS-based priming. As proof of concept, we also evaluated a heterologous prime-boost vaccine
strategy employing aDEC205-ovalbumin (OVA) as the priming agent, followed by a boost with OVA-

expressing oncolytic rhabdoviruses in an experimental model of OV A-expressing B16 melanoma.
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2.2 Results

2.2.1 Pre-existing Immunity to Wild-Type AdS5 (WTAdS) Impairs Generation of a SIINFEKL-
Specific Imnmune Response to Recombinant Ad5-SIINFEKL (rAdS-SIINFEKL)

We hypothesized that pre-existing immunity to WTAdS may negatively affect priming of the
immune response induced by rAd5-expressing antigens. To investigate this, we evaluated the capacity
of Ad5 encoding the OV A epitope rAdS5-SIINFEKL to generate an antigen- specific immune response
in mice with pre-existing immunity to WTAdS. To model pre-existing immunity, we immunized naive
C57BL/6 mice with 10'° plaque-forming units (PFU) of the WTAdS5 virus. After 35 days, mice were
administered 10® PFUs rAd5-SIINFEKL intramuscularly (i.m.) (Figure 2.1A). Generation of anti-
adenovirus neutralizing antibodies (AdNAbs) in sera of preimmunized mice 40 days post-
administration of WTAdS was confirmed by neutralization assay and was elevated in preimmunized
mice (Figure 2.1B). SIINFEKL-specific CD8+ T cell responses were measured 10 days after rAdS5-
SIINFEKL immunization, the peak time of the adaptive immune response elicited by adenovirus
vectors.!" We observed a statistically significant decrease from 10% to approximately 5% of splenic
SIINFEKL-specific CD8+ T cells, depicted by H-2K°-SIINFEKL pentamer staining, from
preimmunized mice compared to control phosphate- buffered saline (PBS) mice (Figures 2.1C and
2.1D). To assess CD8+ T cell functionality, splenocytes from preimmunized mice and PBS mice were
restimulated with SIINFEKL peptide in vitro and followed by intracellular cytokine staining (ICS) for
interferon (IFN)-y and tumor necrosis factor (TNF)-a. Again, there was a reduction from an average
of 6% to 2% of IFN-y- and TNF-a-producing CD8+ T cells specific to SIINFEKL detected in the
splenocytes from preimmunized mice compared to control PBS (Figures 2.1E and 2.1F). Together,
these results indicate that modeled pre-existing immunity to WTAdS limits the generation of

SIINFEKL-specific cellular responses following rAd5- SIINFEKL immunization in C57BL/6 mice.
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Figure 2.1 Comparing the SIINFEKL-Specific T Cell Response after i.m. Injection of Priming
Agent Recombinant Adenovirus Expressing the SIINFEKL Transgene (rAd5S-SIINFEKL) in
Mice Modeling Pre-existing Immunity to WTAdS. (A) Naive C57BL/6 mice were injected i.m. on
day 0 with 10'° PFUs of WTAdS5 (n = 7) or PBS (n = 5). After 35 days, mice were injected i.m. with
rAd5-SIINFEKL. (B) Anti-adenovirus neutralizing antibody (AdNADbs) titers in mouse sera (n = 3)
were determined by neutralization assay, 40 days after administration of WTAdS.10 days after prime,
the representative gating (C) and total percentage of (D) SIINFEKL-specific CD8+ T cells in the spleen
was determined by H2-K®-SIINFEKL pentamer staining. The representative gating (E) and percentage
of (F) OVA-specific T cells producing IFN-y and TNF-a in the spleen was evaluated by flow
cytometry. Briefly, splenocytes were stimulated in vitro with MHC-I epitope (SIINFEKL) for 5 h,
subsequently stained for intracellular production of IFN-y and TNF-a, and assessed by flow cytometry.
*xxp < (0.001 and ****p < 0.0001 (two-way ANOVA).
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2.2.2 Production and Characterization of aDEC205-OVA

Impaired SIINFEKL-specific immune responses following rAd5-SIINFEKL immunization of
C57BL/6 mice modeling pre-existing immunity led us to consider employing an alternative priming
agent that would be better able to overcome pre-existing immunity to WTAdS and other potential
alternative viral vectors. Several studies have shown the ability of chimeric aDEC205 antibodies fused
to antigens, such as OVA (aDEC205-OVA) or tumor antigens, to elicit strong antigen-specific immune
responses in mice when administered with an adjuvant.!'®! To evaluate the use of antigen-fused
aDEC205 antibodies as alternative priming agents for heterologous boosting with Oncolytic
rhabdovirus (ORV) vectors, we used aDEC205 fused to the model antigen OVA.

To generate the aDEC205 antibodies used in this study, human embryonic kidney (HEK)293T
cells were co-transfected with plasmids containing the mouse aDEC205-kappa light chain and the
aDEC205 heavy chain fused to the full OVA protein sequence at the carboxyl terminus (or no antigen
as a control [aDEC205-empty]). The recombinant antibodies produced following transient transfection
in HEK293T cell were purified on protein G Sepharose columns.

The resulting antibodies were characterized by western blot using anti-immunoglobulin G
(IgG) antibodies on SDS-PAGE under reducing conditions (Figure 2.2A). Figure 2A shows that heavy
and light chains of the purified recombinant antibodies had the expected size for both the fused
antibody (Ab) aDEC205-OVA (~95 kDa and 25 kDa, respectively) and control antibody aDEC205-
empty (50 kDa and 25 kDa, respectively). The capacity of the aDEC205-OVA and aDEC205-empty
antibodies to bind to its receptor on the surface of splenic DCs CD11c+CD8a+ was confirmed with a
binding assay.!®? Incubation of splenocytes from naive C57BL/6 mice with different concentrations of
aDEC205-OVA (0.1, 1, or 10 mg/mL) resulted in a dose-dependent binding (Figure 2B) on the surface
of splenic CD11c+CD8a+ DCs (gating strategy shown in Supplemental Figure 9) expressing the

DEC205 receptor. These results indicate that aDEC205-OV A and aDEC205-empty were successfully
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purified from culture supernatants and that aDEC205-OVA and aDEC205-empty (Supplemental

Figure 10) retain binding capacity to the DEC205 receptor as expected.
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Figure 2.2 Production and Characterization of aDEC205-OVA. aDEC205-OVA and aDEC205-
empty were generated by transfection of 293 T cells in vitro and subsequent purification of the antibody.
(A) Final antibody product was reduced by -mercaptoethanol and verified by immunoblotting for the
heavy and light chains. aDEC205-empty shows a heavy chain at 50 kDa and light chain at 25 kDa.
aDEC205-OVA shows the heavy chain linked with OVA at 95 kDa, indicating the presence of OVA
antigen and a light chain at 25 kDa. (B) A binding assay was performed to verify effective binding of
aDEC205-OVA to the DEC205 receptor on CD11¢c+CD8+ dendritic cells (DCs) isolated from murine
splenocytes. aDEC205-OVA is probed with an anti-IgG1-APC antibody and detected by flow
cytometry. The histogram overlay depicts high binding of aDEC205-OVA to CD11¢+CD8+ DCs at
concentrations of 10 pg/mL and 1 pg/mL and low binding at 0.1 pg/mL.
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2.2.3 aDEC205-OVA Administered via Intraperitoneal (i.p.) and i.v. Routes Generates Cellular
Immune Responses against SIINFEKL

Several studies demonstrated the influence of the route of immunization on immune response
and disease outcome.!®® To determine which route of aDEC205-OV A administration leads to the most
potent T cell response systemically, we immunized naive C57BL/6 mice i.p. or i.v. with 10 mg
aDEC205-OVA or aDEC205-empty, both in combination with 50 mg poly(I:C) and 50 mg anti-CD40.
SIINFEKL-specific T cells were evaluated by flow cytometry at 10 and 21 days postimmunization
(Figure 2.3A; gating strategy shown in Supplemental Figure 7). After in vitro restimulation of
lymphocytes with the SIINFEKL peptide, ICS showed that i.v. and i.p. routes of administration elicited
statistically similar percentages of IFN-y- and TNF-a- producing CD8+ T cells in the lung and spleen
of mice immunized with aDEC205-OVA at days 10 and 21 postimmunization (Figures 3B-3D;
Supplemental Figure 8). Additionally, staining with the H-2K®-SIINFEKL pentamer showed
statistically similar percentages of SIINFEKL-specific CD8+ T cells at day 21 in the spleen and lung
of mice immunized with aDEC205-OVA when comparing i.v. and i.p. routes of administration
(Figures 2.3E; Supplemental Figure 8). As expected, no SIINFEKL-specific CD8+ T cells were
detected in the spleen or lungs of animals immunized with control aDEC205-empty. These results
indicate that either route of administration elicits a strong anti-SIINFEKL primary immune response.
Ultimately, to model a preferred route of administration in humans, we administered aDEC205-OVA

i.v. for the remainder of this study.
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Figure 2.3 aDEC205-OV A Administered i.v. or i.p. Elicits OVA-Specific T Cells in the Spleen of
Immunized Mice (A) Naive C57BL/6 mice were primed with 10 pg of aDEC205-OVA or aDEC205-
empty + 50 pug poly(I:C) + 50 ug anti-CD40 i.v. or i.p. The percentage of SIINFEKL-specific T cells
producing IFN-y and TNF-a in the spleen (B) on day 10 (C) and on day 21 (D) was evaluated by flow
cytometry. (E) Quantification of SIINFEK L-specific T cells by pentamer staining (H-2K°-SIINFEKL)
was also assessed in the spleen by flow cytometry at day 21 post injection. p value was considered
nonsignificant (ns) when >0.05 (two-way ANOVA).
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2.2.4 aDEC205-OVA Overcomes Barriers Posed by Pre-existing Immunity and Generates
Cellular and Humoral Immunity against OVA

We next evaluated the ability of aDEC205-OV A to overcome pre-existing immunity to WTAdS
in a C57BL/6 murine model. To model pre-existing immunity, all naive C57BL/6 mice were
immunized with WTAdS 35 days prior to the injection of priming agents (Figure 2.4A). As previously
observed, AANADbs were detected by a neutralization assay in mouse sera 40 days post administration
of WTAJS and were elevated in preimmunized mice around time of prime (Figure 2.1B). Pre-existing
immunity to WTAdS5 did not affect priming with aDEC205-OVA; approximately 9% of SIINFEKL-
specific CD8+ T cells were observed in the spleen of preimmunized mice and control PBS mice 10
days after prime (Figures 2.4B and 2.4C). Furthermore, a similar percentage of splenic IFN-y- and
TNF-a- producing CD8+ T cells specific to SIINFEKL was also detected by intracellular staining
(Figures 2.4D and 2.4E). Together with Figure 1, these results suggest that adjuvanted aDEC205 is an

effective prime in the face of pre-existing immunity to WTAJS.
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Figure 2.4 Pre-existing Immunity to Adenovirus Does Not Affect an Immune Response Elicited
by aDEC205-OVA Prime (A) Naive C57BL/6 mice were injected i.m. on day 0 with 10'° PFUs of
WTAAJS or PBS. (B and C) After 35 days, mice were injected i.v. with 10 ug of aDEC205-OVA +
50 pg poly(I:C) + 50 pg anti-CD40. 10 days after priming, the representative gating (B) and percentage
of (C) SIINFEKL-specific CD8+ T cells in the spleen was determined by H2-K°-SIINFEKL pentamer
staining. The representative gating (D) and percentage of (E) SIINFEKL-specific T cells producing
IFN-y and TNF-a in the spleen was also evaluated by ICS and flow cytometry. p-value was considered
nonsignificant when >0.05 (two-way ANOVA).
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2.2.5 Heterologous Boosting of aDEC205-OV A Prime with Rhabdovirus-Encoding OVA
Potentiates a Cellular and Humoral Immune Response

Priming with AdS encoding a cancer antigen, followed by boosting with ORV vectors, such as
MG1 or VSV, expressing the same antigen, induces strong antigen-specific responses, providing
survival benefit in various tumor models.5%-6:148-150 Therefore, we tested the ability of the combination
aDEC205-OVA prime and MG1-OV A boost in the generation of a SIINFEKL-specific T cell response.
To this end, naive C57BL/6 mice were primed (i.v.) with 10 mg aDEC205-OV A or aDEC205-empty,
both in combination with 50 mg poly(I:C) and 50 mg anti-CD40 and boosted (i.v.) 14 days later with
108 PFUs of MG1-OVA or 10 mg aDEC205-OVA with 50 mg poly(I:C) and 50 mg anti-CD40 or PBS.
7 and 14 days after boost, lymphocytes were harvested from the spleen and lung and then stained with
the H2K®-SIINFEKL pentamer. At days 7 and 14 post boost, the greatest expansion of SIINFEKL-
specific T cells was observed in the spleen (Figures 2.5A—5E) and lungs (Supplemental Figure 9) of
animals boosted with MG1-OVA. Similar results were obtained using VSV-OVA (Supplemental
Figure 10A and 10B). Although boost with aDEC205-OVA expanded the antigen-specific cells
compared to the group only primed with aDEC205-OVA, the level of expansion was significantly
lower compared to MG1-OVA. Humoral immunity was also assessed using mouse sera to quantify
OVA-specific IgG by ELISA. The combination of aDEC205-OVA/MG1-OVA prime-boost generated
the highest anti-OV A antibody titers compared to other combinations and control groups (Figure 2.5F).
Immunization with aDEC205-OVA/VSV-OVA prime-boost generated similar antibody titers

compared to aDEC205-OVA/MGI1-OVA prime-boost at day 7 post-boost (Supplemental Figure 10C).
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Figure 2.5 Induction of a Potent Cellular and Humoral OVA-Specific Inmune Response after
aDEC205-OVA Prime and MG1-OVA Boost C57BL/6 mice were immunized i.v. with 10 ug of
aDEC205-OVA or aDEC205-empty + 50 pg poly(I:C) + 50 g anti-CD40 at day 0. 14 days later, mice
were immunized with a boosting dose of PBS, 10 pg aDEC205-OVA i.v. + 50 pug poly(I:C) + 50 pg
anti-CD40, or 10® PFUs of MG1-OVA. Spleens were harvested 7 and 14 days following boost to
evaluate cellular immune response to prime-boost regimens by flow cytometry (A) The percentage (B)
and total number of (C) SIINFEKL-specific CD8+ T cells were determined by H2-K°-SIINFEKL
pentamer staining. At day 14, the representative gating (D) percentage of (E) splenic IFN-y and TNF-
a-producing CD8+ T cells in response to in vitro stimulation with 5 uM SIINFEKL peptide was
evaluated. (F) The titers of anti-OVA antibodies in the sera of mice were determined by ELISA at day
7 and day 14 after boost. These results are representative of two independent experiments. ****p <
0.0001 (two-way ANOVA).
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2.2.6 Heterologous Prime-Boost Vaccine with aDEC205-OVA and Rhabdovirus-Encoding OVA
Confers a Survival Advantage in Tumor-Bearing Mice

We next evaluated the therapeutic efficacy of the aDEC205-OVA/MGI1-OVA prime-boost
vaccine in an experimental model of lung metastasis. Briefly, 3x10° B16-OVA cells were injected i.v.
in C57BL/6 mice, and different primes were administered 5 days post-B16-OVA tumor implantation
(Figure 2.6A). Generation of SIINFEKL-specific T cell responses was evaluated by H2K®-SIINFEKL
pentamer staining of blood 7 days after boost. The heterologous prime-boost combination employing
aDEC205-OVA or rAd5-OVA as a prime generated the greatest percentage of circulating antigen-
specific T cells. Interestingly, whereas different routes of administration of the aDEC205-OVA prime
(i.v. versus i.p.) did not significantly impact priming responses (Figure 2.3), there was a trend for a
higher magnitude of a SIINFEKL- specific CD8+ T cell response generated after prime with aDEC205-
OVA administered i.v. compared to aDEC205-OVA prime administered i.p. (Figures 2.6B and 2.6D).
In general, all OV A-targeted heterologous prime-boost regimens led to improved survival of tumor-
bearing mice, with rAd5-OVA/MG1-OVA and aDEC205- OVA/MGI1-OVA regimens being the most
effective (30% complete remission). The administering of a prime-boost of aDEC205-OVA/ VSV-
OVA also resulted in the generation of greater SIINFEKL-specific CD8+ T cells and improved survival
of tumor-bearing mice (Supplemental Figures 6B, 6D, and 6E). Cured mice were rechallenged with a
subcutaneous injection of 2 x 10° B16-OVA cells (data not shown); no mice previously cured by any
prime-boost regimen developed tumors, thus confirming that anti-SIINFEKL responses were long

lasting and conferred protection against recurrent tumors.
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Figure 2.6 Therapeutic Efficacy of an aDEC205/OVA Prime-Boost Vaccine (A) Schematic
representation of immunization schedule. Briefly, C57BL/6 mice received 3 x 10° B16-OVA cells i.v.
At day 5, mice were immunized i.v. or i.p. with 10 ug of aDEC205-OVA or aDEC205-empty + 50 pg
poly(I:C) + 50 ug anti-CD40, 10® rAd5-SIINFEKL, or PBS. At day 14, mice were immunized with a
boosting dose of either PBS or 108 MG1-OVA. (B-D) At day 21 saphenous (saph) bleeds were
performed to assess the percentage, by flow cytometry (B), of bulk-circulating CD8+ T cells (C) and
SIINFEK L-specific CD8+ T cells (D), the latter determined by H2K®-SIINFEKL pentamer staining. p
value was considered nonsignificant when >0.05; ***p < 0.001 (one-way ANOVA). (E) Mice were
monitored for survival 140 days post-B16-OVA implantation. Data from three independent survival
experiments are pooled. p value was considered nonsignificant when >0.05; *p < 0.05 (log-rank
Mantel-Cox).
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Figure 2.7 Schematic summary of Chapter 2 findings. We explored the potential use of DEC205-
targeted antibodies as an alternative agent to prime antigen-specific responses ahead of boosting with
an oncolytic rhabdovirus expressing the same antigen. (A) In a model of pre-existing immunity to Ad5,
we found that a vaccination strategy consisting of an anti-DEC205 antibody fused to the model antigen
ovalbumin (OVA) led to the formation of a robust antigen-specific immune response when compared
to rAd5-SIINFEKL. (B) Furthermore, our prime-boost strategy improved survival in a B16-OVA
tumor model.

Cancer immunotherapy has emerged as a promising alternative to conventional cancer
treatments. Therapeutic strategies that actively stimulate the immune system to reject tumors have

grown to include diverse platforms, including immune-modulating antibodies,!** small

165,166 167 168

molecules, as well as genetically engineered bacteria,'®’ cells,'®® and viruses.'** OVs are attracting
increasing interest as multi-mechanistic platforms for immunotherapy, owing, in part, to the recent
approval of Imlygic for the treatment of melanoma and to the possibility of combining OVs with
antibodies targeting immune checkpoints.!®® Indeed, it is increasingly recognized that OVs have

significant potential as part of combination therapy regimens.!”

In this study, we have further explored one such combination strategy consisting of a

heterologous prime-boost, where the priming and boosting vectors share a similar tumor antigen and
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where the boosting vector is an oncolytic rhabdovirus.®® This is a strategy that is now under phase I/II
clinical evaluation using a nonreplicating Ad5 as a priming vector and oncolytic MG1 as a boosting
vector. In contrast with repeat dosing with the same vector (homologous vaccination), this heterologous
prime-boost approach has been shown to skew the immune response from antiviral to anti-tumor,
promoting long-lasting anti-tumor immunity.>®!% The secondary immunization with rhabdovirus,
which preferentially infects tumors, not only induces oncolysis but also boosts the primary anti-tumor
adaptive immune response and breaks immune tolerance.!”!

Although nonreplicating Ad5 is an effective and well-validated vector for vaccination, pre-
existing immunity to AdS, resulting from prior exposure to WT adenoviruses in humans, can
potentially limit its effectiveness in clinical trials.!*!1>2 Indeed, we found that administration of rAd5-
SIINFEKL in preimmunized mice led to both significantly lower percentages of SIINFEKL-specific
CD8+ T cells (Figures 1C and 1D) and a reduction in their functionality (Figures 2.1E and 2.1F).

As an alternative to AdS, we demonstrate here, in line with other studies, that i.p. or i.v.
administration of aDEC205-OV A generates antigen-specific and functionally robust anti-SIINFEKL
T cells and humoral immunity toward OVA. 19157160 However, as a standalone vaccination agent, we
observed that aDEC205-OVA did not perform as well as rAd5-SIINFEKL in terms of controlling B16-
OVA tumors (Figure 2.6E) and generating activated (IFNy+, TNFo+), SIINFEKL-specific CD8+ T
cells, even though the numbers of SIINFEKL-specific T cells were similar with both primes (Figure
2.6B). This difference could relate to dosing inequivalence between aDEC205 relative to AdS, however
something that is difficult to establish, owing to differences in how immune responses are initiated
with the two vaccination methods. However, the dose of aDE205-OV A used in this study is within the
range of the human equivalent dose of what is being evaluated in clinical trials employing aDEC205
(ClinicalTrials.gov: NCT01834248 and NCT01127464).!7>!73 In comparison, Ad5 was administered
at a higher human equivalent dose than what is administered in current clinical trials, further illustrating

the potential of aDEC205 over Ad5. Additionally, pre-existing immunity to WTAJS, as evidenced by
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the presence of AdNAbs (Figure 2.1B), strongly decreased the ability of rAd5-SIINFEKL to produce
an immune response against the SIINFEKL antigen but predictably bore no impact on the ability of
aDEC205-OVA to generate functional anti-SIINFEKL CD8+ T cells.

Consistent with other studies, we found that heterologous boosting with an oncolytic
rhabdovirus, such as MG1-OVA, amplifies antigen-specific immunity in the spleen at days 7 and 14
to a higher extent than homologous boosting, for example, with aDEC205-OVA (Figure 2.5;
Supplemental Figure 9).8¢6 All heterologous regimens tested conferred a survival advantage in B16-
OVA-bearing mice (Figure 2.6), and in this regard, primes using chimeric aDEC205 or Ad5 were
essentially equivalent. This suggests that aDEC205 chimeric antibodies are a feasible alternative to
Ad5 in the context of heterologous prime-boost with an oncolytic rhabdovirus. In addition to
overcoming pre-existing immunity, which may be a barrier when using certain viral priming vectors,
chimeric aDEC205 antibodies can provide additional practical advantages, including, but not limited
to, ease of manufacturing, storage, and the possibility of repeat dosing. This last point is a notable
limitation for viral vectors encoding antigens, which generally induce an antiviral immune response
after the first dose.

Vaccines employing DCs loaded ex vivo with tumor lysate or major histocompatibility complex
class I (MHC-I) peptides for re-administration to patients have been studied for decades and have been
shown to generate robust memory CD8+ T cell responses.!”* Following research in the 1990s on
antigen-loaded DC vaccines, many clinical trials carried out to this end have been unable to achieve
significant clinical responses.!’>!7® Objective response rates for a range of DC vaccines loaded with
antigens, such as tyrosinase, gp100, MART-1, and MAGE-A3, and autologous peptides in melanoma
patients did not exceed 5%—10%.'7” Considering limitations and logistical challenges in producing DC
vaccines, DC targeting using chimeric antibodies, like aDEC205, may be more feasible for treating a
diverse population of patients.!”® However, as observed in this study (Figure 2.6E), chimeric aDEC205

antibodies may be insufficient as stand- alone anti-cancer vaccines.
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One key feature of chimeric aDEC205 antibodies is that they deliver a specific antigen directly
to DCs, which in turn, present antigen and activate CD4+ T cells, as well as cross present antigen to
CD8+ T cells. However, this approach is also not without limitations. For example, antibody/protein
engineering challenges can restrict the choice of antigen and how many antigens can be fused to a
given aDEC205 antibody. This can be somewhat addressed using more restricted epitopes in tandem
or multiple different chimeric antibodies.

Another consideration for use of chimeric aDEC205 antibodies is the requirement for an
adjuvant.! In our study, we found that aDEC205- OV A, administered with poly(I:C) and anti-CD40
adjuvants, was effective in generating anti-OVA responses in mice; however, whereas anti-CD40
antibodies (that target the costimulatory receptor CD40 on DCs to induce their maturation) are highly
effective in mice, they have displayed severe toxicity in human cancer immunotherapy trials.!7%18
Although this regimen was selected for modeling purposes in mice, we expect adjuvants that are
amenable to human use and that have been used in clinical trials (e.g., poly(I:C) stabilized with
polylysine and carboxymethylcellulose [poly ICLC] Hiltonol) to be similarly effective in combination
with aDEC205.!8! Indeed, many human-compatible adjuvants are known and available and routinely
used in the context of cancer vaccines. These include, but are not limited to, alum, poly(I:C), CpG,
lipopolysaccharide (LPS), T helper (Th)1- specific cytokines, and growth factors, like FIt3L, important
for the development of classical DCs.!”>!82 These adjuvants, cytokines, and growth factors may be
further combined. For example, CDX-301, a soluble recombinant human (rhu)FIt3L, has been used in

combination with poly ICLC in the context of a phase II human trial, testing an aDEC205-NY-ESO-1

melanoma vaccination strategy.!'®3

Our study indicates that a vaccine consisting of an aDEC205-OVA prime, followed by a
rhabdovirus boost, is a promising alternative to the current heterologous prime-boost that employs

Ad5-OVA as a priming agent. To our knowledge, this study is the first of its kind to showcase a
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combination of the well-studied aDEC205 antibody in combination with an OV. Additional studies in
other tumor models and antigenic targets will be necessary to assess the applicability of this novel

approach to a broad range of disease models.
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2.4 Materials and Methods
2.4.1 Cell Lines

HEK 293T cells, kindly donated by the Oncolytic Virus Manufacturing Facility (OVMEF;
Ottawa, Canada) for antibody pro- duction and purification, were cultured in HyQ high-glucose
Dulbecco’s modified Eagle’s medium (HyClone), supplemented with 10% ultra-low IgG fetal bovine
serum (FBS; Gibco), 5% penicillin/ streptomycin (pen-strep; Gibco), and 5% L-glutamine (Gibco).
B16- F10-OVA cells, kindly gifted by Dr. Yonghong Wan (McMaster University), were cultured in
Roswell Park Memorial Institute (RPMI; HyClone), supplemented with 10% FB