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Cancer immunotherapy has improved the survival for a substantial proportion of cancer patients
but for many cancers treatment is still lacking and, hence, there is a great need to further develop
cancer immunotherapies for the future benefit of more patients.

Oncolytic adenoviruses with various immunostimulatory transgenes have previously been
well tolerated in clinical trials of cancer treatment. They are used both for their oncolytic and
immunostimulatory effect but also as delivery platform of transgenes in cancer gene therapy.
We have constructed an oncolytic adenovirus, Adf35(OGN), with transgenic expression
of alpha-1,3-galactosyltransferase (GGTA1) from Sus scrofa, synthesizing the immune
stimulatory glycosylation Galactose-α-1,3-galactose (α-gal) and neutrophil activating protein
(NAP) from Helicobacter pylori, an immunomodulatory protein. a-gal and NAP are potent
activators and modulators of the human immune system and have not previously been combined
in cancer immunotherapy. 

In paper I, Adf35(OGN) was shown to effectively infect human pancreatic tumor cells which
further led to expression of α-gal and NAP, antibody opsonization and complement deposition
on infected cells, complement and antibody dependent cellular cytotoxicity and activation
of various immune cells. Furthermore, when Adf35(OGN) was injected intratumorally in
pancreatic tumors in mouse, tumor growth was inhibited and mouse survival improved.

In paper II, a simple qPCR-based assay is presented that can be used to quantify
replication competent adenoviruses, accidently formed during production, in batches of
oncolytic adenoviruses intended for use in clinical trials to ensure levels below acceptable
limits.

In paper III, to evaluate the safety of Adf35(OGN), biodistribution and toxicity was studied
in Syrian hamster and mouse. The viral treatment was well tolerated without treatment-related
toxicity or viral replication in tissues and the shedding of virus to the environment was sparse. 

In paper IV, various enzymes and polycations were evaluated as vehicles for intratumoral
injections of oncolytic adenoviruses. Hyaluronidase tripled viral transduction and may be
considered to improve the treatment efficacy of oncolytic viruses.

In conclusion, the preclinical efficacy and safety results presented in the thesis encourage
future clinical trials with Adf35(OGN).

Keywords: Oncolytic adenovirus, cancer immunotherapy, cancer gene therapy, solid tumors,
xenogenic rejection, α-gal, Galactose-α-1, 3-galactose, neutrophil activating protein, NAP,
Helicobacter pylori, replication competent adenoviruses, RCA, Adf35(OGN), toxicity,
biodistribution, Hyaluronidase

Erik Yngve, Department of Immunology, Genetics and Pathology, Cancer Immunotherapy,
Dag Hammarskjölds väg 20, Uppsala University, SE-751 85 Uppsala, Sweden.

© Erik Yngve 2025

ISSN 1651-6206
ISBN 978-91-513-2468-5
URN urn:nbn:se:uu:diva-551871 (http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-551871)



 

Till de som lever på hoppet 
  



 



List of Papers 

This thesis is based on the following papers, which are referred to in the text 
by their Roman numerals. 

 
I. Arwa Ali, Erik Yngve, Menghan Gao, Paola Contreras, 

Olle Korsgren, Magnus Essand¥, Chuan Jin¥, Di Yu¥. Oncolytic 
adenovirus therapy for pancreatic cancer through induction of 
immunogenic rejection. Manuscript 
 

II. Menghan Gao*, Erik Yngve*, Di Yu, Chuan Jin. A qPCR-Based 
Method for Quantification of RCA Contaminants in Oncolytic 
Adenovirus Products. Front Mol Biosci (2022)  

 
III. Erik Yngve, Malin Eriksson, Anders Hedin, Arwa Ali, Olle 

Korsgren, Di Yu. Biodistribution and toxicity evaluation of 
oncolytic adenovirus Adf35(OGN) in Syrian hamster and mouse. 
Cancer Gene Ther (2025). 

 
IV. Erik Yngve, Sofie Ingvast, Olle Korsgren, Di Yu. Evaluation of 

drug delivery vehicles for improved transduction of oncolytic 
adenoviruses in solid tumor tissue. Upsala Journal of Medical 
Sciences (2025).  

 
 
 

* Equal contribution – first author 

¥ Equal contribution – last author 
  



 



Contents 

Introduction ................................................................................................... 11 
Cancer and the immune system ................................................................ 11 
Tumor specific antigens, innate immunity and antigen presentation ....... 13 
Early T cell development .......................................................................... 15 
Priming of helper T cells .......................................................................... 16 
Priming of cytotoxic T cells. .................................................................... 17 
Cytotoxic T cell activation and inhibition ................................................ 18 
Activation of B cells and humoral response ............................................. 19 
Immunotherapies in clinical routine ......................................................... 20 
Ongoing immunotherapy development .................................................... 21 

Cancer vaccines ................................................................................... 21 
Oncolytic viruses ................................................................................. 21 

Aspects of antimicrobial defense in tumor immunotherapy ..................... 23 
α-gal stimulates the human immune system ........................................ 24 
HP-NAP modulates the human immune system .................................. 26 

Proposed mechanism of action for Adf35(OGN) ..................................... 26 
Conclusions .............................................................................................. 29 

Aim of thesis ................................................................................................. 31 
Specific aims ............................................................................................. 31 

Paper I .................................................................................................. 31 
Paper II ................................................................................................. 31 
Paper III ............................................................................................... 31 
Paper IV ............................................................................................... 31 

Results and discussion ................................................................................... 32 
Paper I ....................................................................................................... 32 
Paper II ..................................................................................................... 33 
Paper III .................................................................................................... 33 
Paper IV .................................................................................................... 34 

Conclusion and future perspectives ............................................................... 36 

Acknowledgements ....................................................................................... 38 

References ..................................................................................................... 41 

 



  



Abbreviations 

41BB  Tumor necrosis factor receptor superfamily member 9 
α-gal (Gal) galactose-α-1,3-galactose 
ADCC  Antibody dependent cellular cytotoxicity 
ADCP  Antibody dependent cellular phagocytosis 
ADL  Activities of daily living 
AIRE  Autoimmune regulator 
ATP  Adenosine triphosphate 
CAR  Chimeric antigen receptor 
CD  Cluster of differentiation 
CDC  Complement dependents cellular cytotoxicity 
CTLA4  Cytotoxic T lymphocyte associated protein 4 
CTCAE Common terminology criteria for adverse events 
DAMP  Damage associated molecular pattern 
DEAE  Diethylaminoethyl 
DTH  Delayed type hypersensitivity 
EGFR  Endothelial growth factor receptor 
EMA  European medicines agency 
FDA  U.S. Food and drug administration 
GGTA  Glycoprotein alpha-galactosyltransferase 
GM-CSF  Granulocyte-monocyte colony-stimulating factor 
GMP  Good manufacturing practice 
HER2  Human epidermal growth factor receptor 2 
HLA  Human leucocyte antigen 
ICAM  Intercellular adhesion molecule 
IFN-γ  Interferon gamma 
Ig Immunoglobulin 
IL  Interleukin 
iRECIST immune Response evaluation criteria in solid tumors 
LAG3  Lymphocyte activation gene 3 
MHC  Major histocompatibility complex 
MALT  Mucosa associated lymphoid tissue 
NAP  Neutrophil activating protein of Helicobacter pylori 
NK  Natural killer 
OX40 Tumor necrosis factor receptor superfamily member 4 
PD1  Programmed Cell Death Protein 1 



PDAC  Pancreatic ductal adenocarcinoma 
PEI  Polyethyleneimine 
qPCR  Quantitative polymerase chain reaction 
RAG  Recombination activating gene 
RCA  Replication competent adenovirus 
TCR  T cell receptor 
TGF-β  Tumor growth factor β 
TIM3  T-cell immunoglobulin mucin 3 
TNF-α  Tumor necrosis factor α 
VP  Viral particle 
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Introduction 

Cancer and the immune system 
In the last decade, cancer immunotherapy has improved the prognosis for 
malignancies such as hematological cancers, malignant melanoma and renal 
cancer1–3. Still, many patients with these diagnoses do not show long lasting 
responses3 and for many other types of cancer, efficient treatments are lacking. 
Hence, there is a great need to further develop cancer immunotherapies for the 
future benefit of more patients. 

The idea that our immune system can identify and eliminate tumor cells 
have been debated since the 1950s when Macfarlane Burnet and Lewis 
Thomas presented the concept of immunosurveillance4,5. They suggested that 
the adaptive immune system should be able to identify tumor cells due to their 
expression of new tumor specific antigens. An accumulation of tumor cells 
could thus provoke an effective immunologic reaction that should eliminate 
the tumor without any clinical hint of its existence. In a Darwinistic manner, 
tumor cell clones that evade immune destruction will be naturally selected and 
develop into clinically meaningful tumors.  

Evidences of immunosurveillance have been retrieved from mouse studies 
in which mouse strains that lack critical functions of the adaptive immune 
system, such as knockout of genes encoding IFN-γ 6, recombination activating 
genes6 (RAG 1 and RAG2) or perforin7, show an increased incidence of 
tumors, both spontaneous occurrence and increased sensitivity to tumor 
induction by carcinogenic chemicals. 

In humans, some populations with post transplantation immunosuppression 
or primary immunodeficiencies have had increased incidence of certain tumor 
types, such as lymphomas, gastric cancer and cancers of the oropharyngeal 
and uro-ani-genital tracts, indicating a tumor protective role of the immune 
system8. In addition,  presence of tumor infiltrating lymphocytes in tumors is 
associated with longer survival9–13 indicating that the immune system 
prohibits tumor growth.  

However, the increased tumor incidence in immunocompromised 
individuals may be explained by increased susceptibility for chronic 
infections, which also is known to drive tumor development8. Additionally, 
common tumor types such as colon-, lung-, breast- and prostate cancer, are 
not more common in immunocompromised populations14. 
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Regardless how many potential tumors our immune system manage to 
eliminate in an early stage, it is a fact that tumors do develop in 
immunocompetent individuals. Interestingly, it is shown that tumors formed 
in immunocompetent wild type mouse grow more rapid than tumors formed 
in RAG2-/- mouse lacking adaptive immune system, if these tumors are taken 
out from their original host and transplanted to a secondary immunocompetent 
host6. This shows that tumors that develop in immunocompetent hosts acquire 
properties that allow them to avoid attack by the immune system.  

This dynamic relationship between the tumor and the immune system was 
further described and developed by Dunn et al. 200215. They described the 
curse of tumor development with three phases: elimination, equilibrium and 
escape. Elimination is the functional antitumoral phase including recognition 
and elimination of tumor cells through specific and effective immune 
responses. The anti-tumor immune response will be discussed in detail bellow. 
Equilibrium occurs when some tumor cells gain new mutations that prevent 
immediate immune destruction. At this phase the immune system likely 
provides the tumor with both inhibitory and supportive signals which prohibit 
the tumor from further growth but yet allows its persistence. Over time, often 
many years, further mutations decrease tumor cell immunogenicity and long-
term exposure to weakly immunogenic tumor antigens induces immune 
tolerance mechanisms. This leads to the final phase, escape, where the tumor 
cells are free to proliferate and form a clinically meaningful malignancy.  

Thus, in established tumors, effective antitumoral immune responses are 
no longer in place. Some tumors almost totally lack infiltrating immune cells 
indicating very low immunogenicity. Others have large numbers of tumor 
reactive infiltering lymphocytes that, however, are inactive due to immune 
checkpoint molecules expressed by the tumor cells. In other cases, the 
infiltrating immune cells are not tumor reactive but rather immunosuppressive 
and tumor supportive. The recent successes of immunotherapy, however, have 
shown that it possible to restore anti-tumoral immunity and that this can be an 
effective cancer treatment. 

The cancer immunity cycle (Figure 1), presented by Chen and Mellman in 
201316, is a seven-step model for the establishment of affective anti-tumoral 
immunity. These steps are probably in place during the previously mentioned 
elimination phase but for various reasons become disturbed during the course 
of cancer development. Regaining efficacy in the cancer immunity cycle is the 
ultimate goal of immunotherapy and several ways to re-elicit effective 
immune responses have been proposed. So far, however, only a limited 
portion of patients benefit from cancer immunotherapies, highlighting the 
need for novel immunotherapeutic strategies.  

Here, I review the most important steps involved in an anti-tumor immune 
response and how these steps can be boosted by a new oncolytic adenovirus, 
Adf35(OGN), expressing an immune stimulatory antigen and an immune 
modulatory protein which may boost all steps of the cancer immunity cycle. 



 

 13 

The work aims to show that this virus is functional and safe, with the goal to 
proceed into a clinical trial.  

 
Figure 1. The cancer immunity cycle as presented by Mellman et al. 2013 (1-7) and 
updated with the cancer immunity sub-cycle in 2023 (A-C). The seven steps and three 
sub-cycle steps describe the naturally occurring immunity against tumor cells that 
form the basis for cancer immunosurveillance. In every case of clinically meaningful 
tumors one or several steps have become dysfunctional and need to be boosted in 
order to regain an effective antitumor immune response. The figure was created with 
Biorender.com. 

Tumor specific antigens, innate immunity and antigen 
presentation 
There is a long list of known antigens that are expressed in many malignant 
cells, since they are critical for the tumor development17. They are often the 
result of mutations in certain oncogenes and tumor suppressor genes. These 
antigens, known as tumor specific antigens provides a possibility for our 
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immune system to specifically recognize and eliminate tumor cells. The 
cancer immunity cycle describes this process.  

The cancer immunity cycle is initiated by the recruitment of phagocyting 
and antigen presenting cells to the tumor site. These are for example dendritic 
cells and macrophages that are part of the innate immune system and by so 
recognize general patterns of microbes and infected, damaged or dying cells. 
Notably, they do not recognize tumor specific antigens. The antigen 
presenting cells are attracted to the tumor by chemokines released from 
damaged or dying tumor cells or other surrounding immune cells from the 
innate immune system. When stimulated by general danger associated 
molecular patterns (DAMPS) which are also released from damaged or dying 
tumor cells, such as calreticulin, antigen presenting cells phagocyte tumor 
cells and undergo maturation18,19. Mature dendritic cells migrate to draining 
lymph nodes and process and load tumor antigens on major histocompatibility 
complex (MHC), which is presented on the cell surface. MHC in humans is 
also referred to as human leucocyte antigen (HLA).  

The presentation of antigens on MHC class II and presentation of 
internalized antigens on MHC class I, known as cross presentation, are unique 
features of antigen presenting cells, such as dendritic cells, and necessary to 
stimulate an adaptive immune response against specific antigens e.g. tumor 
specific antigens. Tumor specific antigens presented on MHC class II may be 
recognized by the T cell receptor (TCR) of CD4+ T cells, known as helper T 
cells. If the affinity is strong enough, this interaction together with co-
stimulatory signals primes the helper T cell. The presentation of tumor 
antigens on MHC class I may be recognized by the TCR of CD8+ T cells, 
known as cytotoxic T cells. This interaction is critical for the priming of 
cytotoxic T cells and the formation of a T cell based antitumoral immune 
response, which will be described below. 

Antigen presentation and cross presentation can be stimulated by various 
factors. Firstly by factors in the environment in which the antigen is 
encountered, such as DAMPs including for example calreticulin and ATP18,19, 
released from dying tumor cells. Secondly the interaction with antigen 
reactive helper T cells stimulate or “license” the dendritic cell to increase 
especially cross presentation.  

Apart from priming antigen-specific T cells in the lymph node, dendritic 
cells also have an important function in the tumor site where they activate 
primed T cells by secretion of IL-12. This secretion is in turn stimulated by 
IFN-γ secreted by the T cells, leading to a positive feedback loop, amplifying 
the immune response20.  

In summary, dendritic cells’ presentation of tumor antigens to the adaptive 
immune system is a fundamental step in the tumor immune response. The 
existence of tumor specific antigens is uncontroversial but they are often 
weakly immunogenic, scantly expressed and unstable molecules. Moreover, 
the human HLA repertoire is wide and individual and all types of peptides 
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cannot be loaded on all types of HLA, meaning that a particular individual 
will only be able to present a fraction of the potential tumor antigens to her/his 
adaptive immune system21. Therapies that improve tumor antigen presentation 
are important for a broader efficacy of immunotherapy, but today, no such 
therapies are yet used in clinical routine.  

Early T cell development 
T cells are small leucocytes with ability to recognize foreign antigens through 
their TCRs which are unique for each T cell clone. When activated, they are 
the most effective and accurate killers of the immune system due to their 
ability to induce apoptosis with single-cell precision. T cell development have 
been carefully described previously22 and is summarized in the following 
paragraphs. Aspects of importance for tumor immunology are highlighted. 

T cells originate in the bone marrow but most of their early development 
take place in the thymus. After commitment to the T cell lineage the T cell 
undergo gene rearrangements encoding the variable parts of the TCR. This 
results in a great variation in TCR affinities and an individual’s TCR repertoire 
ranges from 1x105 to 1x108 different possible receptors, with affinity for 
different antigens23.  

TCRs are supposed to recognize foreign antigens when those antigens are 
presented on MHC. To select appropriate T cell clones, there is a positive 
selection for T cells whose TCRs engage self-MHC. Those that do not have 
any affinity for MHC will not receive survival signals but will undergo 
apoptosis. This is followed by negative selection against T cells whose TCRs 
binds too strongly to MHC presenting self-peptides. This generates T cell 
clones which recognize peptides only when combined with self-MHC (MHC-
restriction) but do not initiate a response to the self-peptides (self-tolerance). 
This self-tolerance mechanism, known as central tolerance depends on the 
presentation of self-peptides in the thymus. It is executed by medullary thymic 
epithelial cells expressing the protein autoimmune regulator (AIRE)24. These 
cells has the unique ability to access and express the whole coding genome 
and is thus able to express proteins that normally is expressed only by certain 
specialized tissues, such as insulin or myelin basic protein24.  

The tiny proportion of T cell progenitors that survive positive and negative 
selection, about 2-5%, further commit to effector cell lineages of either CD4+ 

helper T cells or CD8+ cytotoxic T cells. In some cases, T cells with high 
affinity for MHC presenting self-peptides survive negative selection. These 
cells then differentiate into regulatory T cells, that exerts anti-inflammatory 
functions and contribute to maintained self-tolerance25. These “educated” but 
still naive T cells then leave the thymus and migrate to lymph nodes.  

Somatic mutations in tumors encoding tumor specific antigens cannot be 
expressed by medullary thymic epithelial cells, thus preventing tumor 
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tolerance. Unfortunately though, medullary thymic epithelial cells do express 
several antigens that also are expressed by tumor cells, for example various 
melanoma antigens26,27. Therefore, tumor reactive T cells may, after strong 
affinity binding to antigens presented in the thymus, differentiate into 
regulatory T cells that migrate to the tumor and contribute to establishing an 
immunosuppressive tumor microenvironment. In various mouse models, 
negative regulation of AIRE have led to increased immune responses against 
melanoma and prostate cancer27–29. 

Out of all T cell clones that are generated during the slow and gradual 
development of a tumor, certainly some are able to recognize aberrant tumor 
specific antigens. Further strictly regulated steps are, however, necessary to 
make these T cells ready to kill tumor cells. Those steps and the problems 
around them are discussed below.  

Priming of helper T cells 
Naïve T cells leave the thymus and migrate to peripheral lymph nodes where 
they may come in first contact with antigens. If a helper T cell has affinity for 
an antigen, presented on MHC class II of a dendritic cell, that stimulates an 
activating signal mediated by the TCR, co-receptor CD4 and intracellular CD3 
domain. This signal, known as “signal one” in the T cell priming, initiates the 
formation of a synapse between the T cell and the dendritic cell. If sufficient 
amounts of antigen are presented the synapse will grow stronger. 8000 
interactions are needed to prime the T cell only through the TCR stimulation. 
Co-stimulatory signals reduce this number to about 1500 interactions30, and 
thus constitute a crucial contribution to the priming, called “signal two”. It can 
be mediated by various receptors on the T cell, CD28 binding to CD80 and 
CD86 on the dendritic cell, being the most typical. 

Autocrine and paracrine signaling through IL-2, IL-4, IL-12, TGF-β and 
TNF-α constitute “signal three”. The activation of the three signals leads to 
proliferation and depending on various location- and context dependent 
factors the helper T cell differentiate into various phenotypes (Th1-Th22) with 
different function for the further immune response. Interferon gamma, IL-12, 
and IL-18 stimulate differentiation into Th1 phenotype that is pro-
inflammatory and promote cytotoxic T cell responses which can combat 
intracellular pathogens such as viruses and intracellular bacteria. IL-4 
stimulates differentiation to Th2 phenotype that mediate anti-inflammatory 
functions but also may stimulate a class switch to IgE antibodies that are 
important for the clearance of extracellular pathogens and play a central role 
in allergic disease. TGF-beta and IL-6 stimulates differentiation to Th17 
phenotype which is important for fungal and extracellular bacterial infections, 
but also contributes to chronic inflammation and autoimmunity. 
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Since tumor antigens are mainly intracellular, Th1 is the preferred 
phenotype to orchestrate an effective tumor immune response. Th1-cells 
express CD40L which in turn stimulate dendritic cells to differentiate into a 
corresponding “type one” phenotype. They exert increased cross presentation 
of tumor antigens on MHC class I, expression of B7 family ligands, CD70 and 
secretion of IL-2, all of which can stimulate cytotoxic T cells and contribute 
to their priming, which will be discussed below.  

Additionally, CD40L signaling from T cells to B cells leads to B cell 
differentiation, affinity maturation and class switch and thus enables a 
humoral antitumoral response. Lastly, Th1-cells can have direct anti-tumoral 
effect in the tumor site by secretion of TNF-α and IFN-γ. If stimulated by IL-
12, secreted by dendritic cells, they could also gain cytotoxic properties25.   

In summary, the priming of helper T cells and Th1 differentiation are 
important to elicit effective antitumoral immune responses.  

Priming of cytotoxic T cells. 
The priming of cytotoxic T cells is similar to the priming of helper T cells. It 
takes place in lymph nodes when naïve cytotoxic T cells come in contact with 
licensed dendritic cells. A requirement for this contact is that the dendritic cell 
is licensed and, by so, presents tumor antigens on MHC class I, on which 
normally only self-antigens are presented. This mechanism ensures that two 
different TCRs, one from the helper T cell and one from the cytotoxic T cell, 
independently of each other have affinity for the antigen and thus defines it as 
“non-self” before a cytotoxic T cell response is initiated.  

The initial signal from the TCR must be followed by two co-stimulatory 
signals in order for the cytotoxic T cell to be fully primed. The need for second 
signals protects the T cell from reacting on self-antigens and several other 
mechanisms have developed to limit T cell responses to its primary purpose, 
to defeat foreign invaders. As previously described for helper T cells, the 
second signal generally lowers the stimulation threshold of the naïve cytotoxic 
T cell and induces proliferation, promotes survival and activates cytokine 
synthesis, especially IL-2, and the cytotoxic function31. It can be mediated by 
CD28 on the T cell binding to CD80 or CD86 expressed by dendritic cells, 
macrophages, B cells or tumor cells. Other stimulatory signals can be 
mediated by CD40L, 4-1BB and OX40 on the cytotoxic T cell32, that may bind 
to CD40, 4-1BBL, and OX40L on licensed dendritic cells, T-helper cells or B 
cells33. The third signal is mediated by autocrine and paracrine cytokine 
signaling, mainly IL-2 and IL-12.  

In summary, the T cell priming, proliferation, and survival that follows 
stimulation of the T cell is controlled by several factors including the strength 
of TCR stimulation, the presence or absence of co-stimulatory signals and the 
availability of pro-survival cytokines. Thus, effective T cell priming can only 
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be acquired if the previous steps of the cancer immunity cycle are established 
in a favorable way, indicating that immune therapy development need to focus 
on the optimization of these early steps. 

Cytotoxic T cell activation and inhibition 
Following the three-step priming, effector T cells proliferate at a speed close 
to the physiological maximum of mammalian cells. They express various 
molecules for endothelial cell adhesion and extravasation. At the site of a local 
inflammation the endothelial cells of post-capillary venules express adhesion 
molecules in response to cytokines like TNF-a and IL-1b. The T cell to 
endothelial cell interactions facilitate trans endothelial migration34. In the 
tumor microenvironment, the primed T cell may come in contact with its 
target antigen and become activated. If a primed T cell experience TCR 
stimulation, a contact is formed to the target cell and perforins, granzymes and 
several other factors induce tumor cell apoptosis and lysis. Most effector cells 
are programmed to undergo apoptosis and thus terminate the immune 
response, leaving only around 5 % of the cells to develop into memory T 
cells35.  

In cases when all antigen cannot be cleared, which is common for tumor 
antigens, the initial T cell response is prolonged. However, then peripheral 
self-tolerance mechanisms are initiated to avoid self-reactivity. This involves 
upregulation of immune-checkpoint receptors such as PD1, CTLA4, LAG3 
and TIM3 on T cells36. PD1 and CTLA4 inhibit CD28-CD80/86 signaling, 
while LAG3 reduce TCR signaling and TIM3 antagonize T cell factor 1, a 
transcription factor that maintain stemness and T cell effector function36. This 
result in T cell anergy, exhaustion and apoptosis. Long term, weakly 
immunogenic antigen exposure also tends to alter the phenotypes of other 
immune cells. Regulatory T cells, tumor associated macrophages and myeloid 
derived suppressor cells contribute to peripheral tolerance and tissue recovery, 
but unfortunately also tumor cell growth and protection. 

The up regulation of immunological check point molecules and further T 
cell exhaustion eventually occur in almost all tumors experiencing a prolonged 
T cell driven attack. Antibodies that block these molecules, immune 
checkpoint inhibitors, have clearly revolutionized the treatment of some tumor 
types and is the first intervention in the cancer immunity cycle that actually is 
working as a cancer treatment. Their application and limitations are discussed 
below.  
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Activation of B cells and humoral response 
B cells are largely overlooked in the development of cancer immunotherapy 
but may have a crucial role to broaden the anti-tumor immune response and 
increase antitumoral effector functions. Basic B cell development will be 
presented as well as their potential role in cancer immunotherapy.  

B cells develop in the bone marrow where they undergo gene 
rearrangements that makes them express membrane bound immunoglobulins 
with affinities of great variation. Certain dendritic cells present self-antigens 
in the bone marrow, and B cells that produce immunoglobulins that bind to 
these antigens receive apoptotic signals, protecting the individual from self-
reactive antibodies.  

Immature B cells then move to secondary lymphoid structures where they 
encounter non-self-antigens presented by dendritic cells. This could be 
processed peptides presented on MHC class II but also unprocessed proteins 
bound to the dendritic cell surface. B-cells may also encounter free antigens 
in the circulation and various tissues they infiltrate.  

When a B cell immunoglobulin binds an antigen with a certain affinity it 
results in a first activating signal that transfer the cell into active cell cycle. A 
second signal is needed, however, to exert proliferation of the B cell and class 
switch of the immunoglobulin. To get this signal, the B cell must internalize 
the encountered antigen and present it on MHC class II. If the same antigen 
also is recognized by a helper T cell a contact will be formed and signal two 
will be exerted through CD40-CD40L, IL-4 and IL-21. In some cases, the 
second signal may be independent of the helper T cell and instead originates 
from toll like receptors that recognize features of large extracellular antigens.  

Following signal two, the B cell proliferate and undergo class switch and 
affinity maturation. Depending on the co-stimulatory signals the B cell will 
differentiate to produce different types of immunoglobulins. In the defense 
against microbes, IgG is important to neutralize viruses or bacteria by binding 
to them and prohibit them from infecting cells. The coating of tumor cells by 
IgG can stimulate various cytopathic mechanisms, such as phagocytosis 
through Fc receptor interaction with macrophages, activation of natural killer 
cells and complement factors.  

As previously mentioned, tumor antigens are mainly intracellular and the 
role of antibody-mediated reactions in antitumoral immunity is not as 
prominent as T cell immunity. However, broadening the immune response to 
include humoral effector mechanisms is likely crucial for the success of 
immunotherapy in a wider range of tumor types. Monoclonal antibodies 
directed against various tumor antigens such as EGFR and HER2 are already 
established therapies. The mechanism of action have been debated37 but is 
considered a combination of blocked receptor signaling on one hand and 
antibody dependent cellular cytotoxicity (ADCC), by NK cells and antibody 
dependent cellular phagocytosis (ADCP) by macrophages37 on the other hand. 
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The success of these therapies in solid tumor types with upregulated EGFR 
and HER2 expression highlights the potential in developing other strategies to 
acquire substantial tumor specific opsonization by antibodies. This is one of 
the proposed mechanisms of action in treatment with our new oncolytic 
adenovirus Adf35(OGN) and will be discussed below.  

Immunotherapies in clinical routine 
Only one type of immunotherapy with intention to modulate the tumor 
immunity cycle have so far been implemented in routine cancer therapy. 
Checkpoint inhibitors, blocking the immune checkpoint interactions, have 
been a successful strategy to regain cytotoxic T cell function in tumors with 
high numbers of infiltrating lymphocytes38. Such immune infiltration occurs 
in tumors with high mutational burden and thus a high number of tumor-
specific antigens. Examples are malignant melanoma39, renal 
adenocarcinoma, certain types of lung cancer, and some cases of 
gastrointestinal cancer with miss match repair mutations and microsatellite 
instability causing high mutational burden40. Cases that respond are those 
where an appropriate anti-tumor immune response have been established but 
where the last effector step, T cell mediated tumor cell killing, have been 
inhibited by peripheral tolerance mechanisms. However, the need for a pre-
existing antitumoral T cell response excludes many immunologically cold 
tumor types from responding to this therapy.  

There are a few other types of established “immune”-therapies that 
circumvent the delicate fine tuning of tumor rejection and self-tolerance. 
These therapies do not affect the host immune system but instead use 
engineered immunological tools to target various tumor associated antigens, 
abundantly expressed on the tumor cells and on healthy cells from which the 
tumor originates.  

Chimeric antigen receptor (CAR)-T cells targeting the B cell antigens 
CD19 or CD20 are effective in recurrent B cell lymphoma. The treatment 
leads to depletion of the whole B cell population and chronic B cell deficiency 
is common, with increased risk of infections. Overall, though, these side 
effects are manageable.  

Bispecific antibodies are used to connect T cells to tumor cells. One part 
binds a tumor associated antigen e.g. CD19 and the other part binds the CD3 
domain of the TCR. This signal can lead to activation of T cells close to tumor 
cells without need for tumor antigen recognition41,42.  

The success of CAR-T cells and bispecific antibodies is so far 
unfortunately limited to hematological malignancies and lymphomas in which 
targetable cell-lineage antigens are abundantly expressed on both tumor and 
healthy cells. For solid tumors, it is much more difficult to find tumor 
associated antigens that can be targeted with therapies. Either they are not 
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expressed in sufficient abundance on the tumor cells or they are expressed in 
too high abundance on normal cells. In both cases targeting such antigens will 
be ineffective and cause side effects.  

In conclusion, the established immunotherapies of today have clear 
limitations and mainly target the last step of the anti-tumor immune response, 
the cytotoxic T cell effector function. Currently, efforts are made to boost 
earlier phases in the cancer immunity cycle. 

Ongoing immunotherapy development 
Cancer vaccines 
The idea to identify tumor specific neoantigens and immunize the patient 
against them is appealing. As mentioned above, there are several known tumor 
specific antigens that are expressed in many different types of cancer cells. 
Additionally, individualized mapping of tumor specific neoantigens can be 
made by sequencing and comparing a patient’s genome to the tumor cell 
genome and mRNA-expression. Different strategies have been proposed to 
present these antigens to the immune system. mRNA and DNA based cancer 
vaccines can elicit in vivo expression of selected tumor antigens in a similar 
manner as viral antigens when used for Covid-19 vaccination. Results from 
clinical trials utilizing single antigens have not shown clinical benefit43. 
Consequently, ongoing studies include several antigens in the same product, 
in most cases tailored to the patient’s own tumor antigen profile. Treatment 
with multiple antigens after resection of melanoma44 and pancreatic ductal 
adenocarcinoma (PDAC)45 have led to reduced recurrence rate/prolonged time 
to recurrence in “responders” in whom the treatment generated tumor 
neoantigen specific T cells. In reported clinical phase III studies, only one 
product have been tested, with favorable safety profile but without therapeutic 
efficacy in esophageal squamous cell carcinoma46. 

Ex-vivo loading of the patients own tumor antigens on autologous dendritic 
cells that, after stimulation, are transferred back to the patient is another type 
of tumor vaccination. The advantage is that the patient’s own tumor can be 
used without need to identify its specific antigens because the whole tumor 
lysate is used to prepare the dendritic cells. In a recently published phase 3 
study in Glioblastoma, this treatment strategy rendered an increased median 
overall survival from 16 to 19 months47.   

Oncolytic viruses 
Viruses were tested as cancer therapy already in the 1950s and with modern 
biotechnologies they can be engineered to gain various desired properties. 
Viral genes affecting the host cell cycle control can be deleted, thus producing 
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viruses without ability to replicate in normal cells. The failed cell cycle control 
in tumor cells, however, allows these “oncolytic viruses” to replicate in tumor 
cells. The viral capsid proteins can be selected to target certain entry receptors 
with increased expression on tumor cells, thus increasing infectivity of tumor 
cells while reducing infectivity of normal cells. With these modifications, 
oncolytic viruses can infect and replicate in tumor cells, while to a large extent 
sparing healthy cell. Ideally, this leads to selective tumor cell lysis, 
immunogenic tumor cell death, release of tumor specific antigens, 
amplification of the initial inoculum, spread of virus to neighboring tumor 
cells, and stimulation of a cytotoxic T cell response against viral antigens and 
bystander immunity reaching also tumor antigens.   

Despite this theoretically appealing multifaceted mechanism of action, the 
effect of oncolytic viruses has been marginal. This is due to limited viral 
transduction efficacy, limited spread within solid tumor tissue and effective 
immune responses neutralizing injected virus. Thus, to further increase the 
antitumoral immune response following the treatment, oncolytic viruses can 
be armed with various transgenes that are expressed in infected tumor cells. 
This treatment modality can also be seen as cancer gene therapy, in which the 
oncolytic virus serves as gene delivery platform.  

Typically, immune stimulatory transgenes have been used, such as 
granulocyte-monocyte colony-stimulating factor (GM-CSF) which is the 
transgene of T-VEC, the only oncolytic virus currently approved by the 
American Food and Drug Agency (FDA) and European Medicines Agency 
(EMA), for use in treatment of grade III-IV melanoma48. LOAd703 is another 
oncolytic virus currently in phase II clinical trials, armed with the transgenes 
CD40L and 4-1BBL. The membrane bound trimerized CD40L stimulate 
dendritic cell phagocytosis in the tumor site and cross presentation of tumor 
antigens and T cell priming in the lymph node. The receptor 4-1BBL activate 
cytotoxic T cells, memory T cell differentiation and inhibit regulatory T cells 
in the tumor site49. 

Different types of viruses have been used to generate oncolytic viruses. The 
most common is adenovirus, which is preferred due to its low pathogenicity 
and easily editable genome. It is also appreciated for its capacity to deliver 
and express transgenes in infected cells without integration in the host cell 
genome.  

The clinical experience with oncolytic conditionally replicating 
adenoviruses is extensive. Since the first studies on ONYX-015 reported in 
2000, no deaths related to oncolytic adenovirus treatment have been reported. 
Adverse events have generally been graded according to the common 
terminology criteria for adverse events (CTCAE)50. Grade 1-2 indicates mild 
to moderate symptoms, requiring no treatment or only minimal, local or non-
invasive intervention. These symptoms may transiently limit activities of daily 
living (ADL), such as personal hygiene or household activities. Grade 3 
indicates severe or medically significant symptoms but not immediately life-
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threatening. Hospitalization or prolongation of hospitalization is indicated and 
the symptoms are disabling and limiting self-care ADL. Grade 4 indicates life-
threatening consequences where urgent intervention is required. Grade 5 
indicate death related to adverse events. 

Grade 3-4 toxicity related to the virus have been mainly fever, lymphopenia 
and injection site pain. In few cases asymptomatic decreases in blood pressure 
have been noticed within the first 24 h of intravenous or intraarterial 
injection51. Common symptoms, usually of grade 1-2 and resolving within two 
days, are fever, fatigue, chills, nausea and vomiting52,53. Self-limiting and 
transient elevation of liver enzymes, alanine aminotransferase, alkaline 
phosphatase and aspartate aminotransferase, have been observed52. Usually 
the frequency of all treatment emergent adverse events have been highest 
within 24 h of the first virus infusion and decreased upon subsequent 
dosings54. Since these studies have been performed on patients with advanced 
malignancies, adverse events have often occurred due to tumor progression55 
or as effect of concomitant oncological therapy56 such as chemotherapy and 
radiotherapy.  

Intratumoral (i.t), intraperitoneal (i.p.), intravenous (i.v.) and intra hepatic 
artery (i.h.a.) administration have been well tolerated as described above51,52,54–

91. Intracranial injections have been associated with neurological symptoms 
such as seizures, confusion, and increased intracranial pressure92–96.  

In summary, the favorable safety profile of oncolytic adenoviruses makes 
this tumor selective, oncolytic gene therapy platform very attractive in cancer 
therapy. The clinical benefits are, however until today, too modest to make 
this therapy a substantial complement to established treatments. More 
effective combinations of transgenes and improved transduction efficacy are 
needed to make the most of the potential in this treatment modality.  

 

Aspects of antimicrobial defense in tumor 
immunotherapy 

As mentioned in the introduction, several factors suppress effective immune 
responses against tumors. Secretion of IL-35 inhibits initiation of the immune 
response by prohibiting dendritic cell maturation and make them unable to 
produce proper secondary signal stimulation to T cells97. Cytokines such as 
IL-4, IL-10 and TGF-β secreted by the tumor cells also have an inhibitory 
effect on T cells, NK cells and dendritic cells98. Over-expression of the 
endothelin B receptor by tumor endothelial cells inhibits intercellular adhesion 
molecule (ICAM)-I clustering which in turn reduce T cell infiltration in the 
tumor99. Furthermore, weak immunogenicity of tumor antigens, down 
regulation of antigen presentation or alterations of the MHC molecules on 
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tumor cells100 and upregulation of immune checkpoint ligands such as PD-L1 
disable the initial anti-tumor T cell responses from eliminating all tumor cells. 
Instead, prolonged antigen exposure contributes to turning those T cells into 
an exhausted, anergic and dysfunctional state101. This leads to an 
immunosuppressive microenvironment that promote cell growth and 
angiogenesis in which tumors find their way into a sanctuary of self-tolerance 
and escape immunosurveillance.  

Our immunological defense against microbes may in many cases seem 
much more effective than that against tumor cells. It typically includes 
massive expansion of antigen specific T-cells and B-cells, effective microbe 
clearance and development of functional immunological memory that 
effectively can clear any rechallenge of the antigen. It is therefore tempting to 
try to establish similar responses against tumors by using immunotherapy with 
microbial antigens. 

α-gal stimulates the human immune system 
An evolutionary event that gave humans a particular advantage in the co-
evolution with microbes occurred around 28 million years ago in a common 
ancestor of apes, old world primates and humans102. It was an inactivating 
point mutation in gene GGTA1 which encodes alpha-1,3-
galactosyletransferase, an enzyme with the function to synthesize galactose-
α-1,3-galactose (α-gal) which is a disaccharide decorating cellular 
glycoproteins and gycolipids102. GGTA1 had previously been well conserved 
and α-gal is expressed by almost all mammalian species102. The mutation 
made alpha-1,3-galactosyletransferase dysfunctional with a subsequent loss of 
α-gal expression and in turn loss of α-gal tolerance since carriers of the 
mutation developed anti-α-gal antibodies103. At some point after the mutation 
occurred the parental GGTA1-WT population was affected by a lethal 
epidemic, either caused by a virus enveloped in α-gal decorated cell 
membranes or a bacteria naturally expressing α-gal. Transmission of this 
pathogen to the GGTA1-mutated population was however stopped by 
preexisting anti-α-gal-antibodies104. New world monkeys, in which GGTA1 is 
conserved, likely survived the epidemic due to the ocean barrier102.  

In all humans today, anti-α-gal-antibodies are produced from early 
childhood105, constitutes about one percent of circulating IgG and is an 
important part of the intestinal barrier against gut bacteria that express α-gal 
analogs106. α-gal have been considered one of the major obstacles for 
transplantation of animal organs to humans, since the preexisting anti- α-gal-
antibodies mediate a hyperacute rejection107.  

The idea to utilize α-gal in cancer immunotherapy have previously been 
tested with promising results108–110. Tumor cell suspensions were prepared 
from biopsies and incubated with recombinant bovine α-gal carbohydrates. 
Adhesion of α-gal on cell membranes was verified by flow cytometry. 
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Subsequently, the tumor cells were sonicated and mixed with human 
immunoglobulins to allow formation of α-gal-IgM and α-gal-IgG complexes. 
Autologous (patient’s own) dendritic cells were incubated in vitro over night 
with the tumor cell-lysate and then used to generate and expand tumor specific 
T cells in vitro. After 12 days of co-culture of dendritic cells and T cells the 
entire cell suspension (up to 6 x 10^9 cells) were administered intravenously 
to the patient. Importantly, no serious adverse effects were observed in any of 
the studies108–110. In all three clinical trials with different types of malignancies 
a clear delayed type hyperreactivity (DTH) response evolved and in parallel, 
quality of life improved. Radiology and blood analyses showed stable disease 
or partial responses and most importantly overall survival increased from 10.1 
to 17.1 months for patients with hepatocellular cancer108 and from 9.4 to 24.7 
months for patients with pancreatic ductal adenocarcinoma109. Complete or 
partial remission occurred in seven out of 14 patients with refractory B cell 
lymphoma, whereas disease status remained unchanged in five patients and 
progression was observed in only two patients110. This type of immunotherapy 
is categorized as a combination of dendritic cell-based cancer vaccine and 
adoptive T cell transfer. α-gal is used to gain immune complex formation on 
tumor cells that in turn activate dendritic cell phagocytosis and priming and 
activation of tumor reactive T cells.  

Intratumoral injections of α-gal-containing lipids have been evaluated in 
phase I trials in patients with various solid malignancies, including malignant 
melanoma, PDAC, and colorectal cancer, without observing severe toxicity, 
α-gal allergy or autoimmunity111,112. 

In a study published in February 2025, Liping Zhong et al. present 
Newcastle disease virus – alpha-1,3-galactosyletransferase (NDV-GT) a 
Newcastle disease virus (NDV) with oncolytic properties engineered with the 
porcine gene GGTA1, encoding alpha-1,3-galactosyletransferase (GT), 
synthesizing α-gal. NDV-GT selectively infects, replicates in and expresses 
α-gal in various human tumor cell lines. When infected tumor cells were co-
cultured with human serum and PBMCs multiple immune effector functions 
were activated in vitro. Repeated intravenous injections of NDV-GT was well 
tolerated, increased intratumoral T cell infiltration and significantly reduced 
tumor size and prolonged survival in cynomolgus monkeys with primary 
hepatocellular carcinoma. In a clinical phase I study, 23 patients with 
refractory advanced solid malignancies were treated with up to twelve weekly 
intravenous injections of NDV-GT. Importantly, no cases of cytokine release 
syndrome (CRS), immune effector cell associated neurotoxicity syndrome 
(ICANS), autoimmune disorders, red meet allergy or grade 4-5 adverse events 
were reported. Only one patient experienced a grade 3 adverse event with 
fever at maximum 40,2°C. Most of the patients experienced grade 1-2 adverse 
events such as fatigue, fever, chills, diarrhea, vomiting, limb pain and itching. 
Disease control, i.e. complete response, partial response or stable disease was 
reported in 90 % of the patients113. 
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HP-NAP modulates the human immune system 
Apart from α-gal, our long co-evolution with bacteria have also trained the 
innate immune system to react strongly on various bacterial and viral proteins. 
The innate response can quickly address invading pathogens but are poorly 
suited to identify tumor antigens. Helicobacter pylori neutrophil activating 
protein (NAP) is a strong modulator of immunity. This virulence factor from 
the common gut bacteria Helicobacter pylori activates a wide range of 
leucocytes that causes inflammation in the gastric mucosa, a favorable 
environment for the bacteria. Around 50 % of the human population is 
colonized by Helicobacter pylori and the chronic inflammations contribute to 
5% of the global cancer burden due to induced gastric cancer and MALT 
lymphoma114. Active eradication treatment of Helicobacter pylori during the 
last decades have also shed light on some benefits of our co-existence with 
this pathogen, including reduced risk of obesity and autoimmune 
inflammatory intestinal disease115.  

HP-NAP is known to attract neutrophils and monocytes and dendritic cells 
through chemoattractant properties and induces a conformational change of 
integrin β2 on leucocytes to a high affinity state that adhere to endothelial 
cells116. Through binding to  toll like receptor 2, HP-NAP stimulate 
degranulation117 and IL-12 and IL-23  secretion from neutrophils118. 
Monocytes differentiates into matured dendritic cells118, with increased 
expression of HLA class II, TNF-α, IL-6, IL-12 and IL-23114. These cytokines 
recruit lymphocytes to the mucosa and in draining lymph nodes helper T cells 
are activated and differentiates towards a Th1 phenotype118,119. 

HP-NAP have been proposed as immunotherapy for cancer. Recombinant 
HP-NAP have been administered intratumorally and systemically in mouse 
tumor models120, and have been used as adjuvant along with tumor antigens 
in dendritic cell-based tumor vaccines121. Additionally, CAR-T cells 
expressing HP-NAP have been shown to trigger bystander immune 
responses122.  

Proposed mechanism of action for Adf35(OGN) 
By arming an oncolytic adenovirus with the transgenes GGTA1, encoding 
alpha-1,3-galactosyltransferase, and napA encoding NAP we have developed 
the oncolytic virus Adf35(OGN). 

Adf35(OGN) has the genetic backbone of adenovirus serotype five, but the 
coxsackievirus and adenovirus receptor binding fiber knob of adenovirus 
serotype five is replaced by the fiber knob of serotype 35, which allows viral 
entry through interaction with CD46, a complement inhibitor abundantly 
expressed on many tumor types123. The virus is restricted to replicate in cancer 
cells with aberrant tumor protein p53 (p53) and Rb-E2F mediated cell cycle 
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The mechanisms of action mentioned above could potentially improve all 
steps in the cancer immunity cycle. Tumor cell death and antigen release is 
boosted both by viral lysis and CDC, ADCC and ADCP stimulated by α-gal 
expression (Figure 3, step 1). Antigen presentation by dendritic cells is 
increased by NAP that stimulate dendritic cell maturation and antigen 
presentation including cross presentation (Figure 3, step 2). The mature 
dendritic cells stimulate Th1 polarization of helper T cells and increased 
priming of cytotoxic T cells (Figure 3, step 3). The local inflammation 
stimulated by viral infection and transgene expression increase trafficking of 
T cells to the tumor site as well as infiltration and accumulation in the tumor 
stroma (Figure 3, step 4-5 and A). α-gal and NAP stimulate further Th1 
polarization of T cells, induces reactive phenotype of other immune cells and 
inhibit immunosuppressive cells (Figure 3, step B). The immunogenic 
microenvironment contributes to maintained effector function of T cells 
(Figure 3, step C), which lead to increased recognition and killing of tumor 
cells (Figure 3, step 6 and 7).  
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Figure 3. The cancer immunity cycle, adopted from Mellman et al. 2023, and how it 
can be affected by treatment with Adf35(OGN). The multimodal effect of 
Adf35(OGN) could stimulate all steps in the cycle. Especially important is the 
increased tumor antigen release and presentation that comprise the two first steps of 
the cycle, not currently targeted with immunotherapy in clinical routine. The figure 
was created with Biorender.com. 

Conclusions  
The immunological response against tumor cells have been characterized in 
detail in many different model systems. Additionally, advanced methods have 
been developed to finely edit and tune these biological processes. However, 
to date only few immunotherapies are effective and the responses are limited 
to certain tumor types. Therefore, we propose immunotherapy by α-gal and 
NAP, that may circumvent these obstacles since they generally activate the 
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immune system in a much broader way than for example immune checkpoint 
inhibitors, monoclonal antibodies, tumor vaccines and ex vivo activated or 
engineered immune cells.  

Theoretically, Adf35(OGN) may induce a strong anti-tumor response, 
triggered by the preexisting immunity against α-gal and local activation of the 
innate immune system, resulting in bystander immunity with a broad T cell 
repertoire against tumor specific antigens. This therapy may tip the scales 
from immunological escape to tumor elimination. In addition, Adf35(OGN) 
is an “of the shelf” type of product that requires less time and labor in the lab, 
compared to for example personalized cancer vaccines and engineered 
immune cells. Therefore Adf35(OGN) may be an effective and accessible 
cancer immunotherapy of value for cancer patients currently without curative 
treatment options. 
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Aim of thesis 

The overall aim of this thesis was to investigate and optimize the safety and 
therapeutic potential of Adf35(OGN) when used for cancer therapy, and to 
take the necessary steps for safe transition to clinical trials.  

Specific aims 
Paper I 
To show pre-clinical therapeutic potential of Adf35(OGN) by investigating 
mechanistic functionality in vitro and antitumoral effect in vivo.  

Paper II 
To develop an accurate and simple method for quantifying possible re-mutated 
replication competent adenovirus contaminants in batches of oncolytic viruses 
intended for clinical use. 

Paper III 
To evaluate toxicity and biodistribution of Adf35(OGN) in the adenovirus-
semi-permissive Syrian hamster model and to specifically evaluate the 
toxicity of transgenic α-gal expression in GGTA1 knock out mouse. 

Paper IV 
To optimize the spread and transduction efficacy of oncolytic adenoviruses in 
solid tumor tissue. The potential of candidate vehicles, including enzymes and 
polycations, were compared to identify the best approach.  
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Results and discussion 

Paper I 
We present Adf35(OGN), a new oncolytic virus with enhanced infectivity in 
tumor cells, tumor cell selective replication and oncolysis and transgenic 
expression of the immune stimulatory molecules α-gal and NAP. In paper I, 
we show the mechanisms of action of Adf35(OGN) when used in cancer 
therapy. 

Adf35(OGN) efficiently infected, replicated in and lysed cultured human 
tumor cells, inducing immunogenic cell death as noted by expression of 
calreticulin. Transgene expression of α-gal and NAP was confirmed in 
infected cells. Furthermore, infected tumor cells were cultured with human 
serum and various human immune cells. Increased binding of IgG was noted 
on the tumor cells infected with Adf35(OGN). This indicate that the pre-
existing anti α-gal antibodies in the human serum bind to α-gal epitopes 
expressed on the transduced tumor cells. In addition, increased C3 deposition 
and complement dependent cytotoxicity were noted on infected cells, 
indicating that the antibodies binding to the tumor cells also lead to 
complement activation. When infected cells were co-cultured with human 
serum and isolated PBMCs, a significant increase in the activation markers 
CD80, CD40, CD86, CD70 and MHC-II was noted on dendritic cells. CD80 
and MHC-II was increased on monocytes and B cells and CD69 was increased 
on NK-cells and T cells. This indicate that a broad cellular reaction is 
stimulated by the infected tumor cells. 

To test Adf35(OGN) in vivo, we used an α-gal-knock out mouse vaccinated 
against α-gal to generate α-gal antibodies. The functionality of these 
antibodies was proved by measuring complement dependent cytotoxicity in a 
mouse pancreatic cell line (Panc02) culture that naturally express α-gal. α-gal 
knockout Panc02 cells were injected in the hind flank to establish tumors. 
Repeated intratumoral injections of Adf35(OGN) were tolerated without 
noticeable side effects and significantly slowed down the tumor growth and 
improved mouse survival. 

In summary, the theoretically appealing approach to combine α-gal and 
NAP for immunotherapy of pancreatic cancer have been tested in the best 
available models. Adf35(OGN) effectively transduce human pancreatic tumor 
cells, induce immunogenic cell death and activate various immune cells. In 
vivo this also leads to therapeutic efficacy. We conclude that cancer 
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immunotherapy combining α-gal and NAP have promising potential and that 
Adf35(OGN) is an effective therapeutic agent to bring this potential to 
patients.    

Paper II 
Production of oncolytic adenoviruses may accidently generate formation of 
re-mutated wild type-like replication-competent adenoviruses (RCA) which 
raises safety concerns in clinical usage of virus products. It is therefore a 
regulatory requirement to report the number of RCA in all batches of viral 
vectors and oncolytic viruses before clinical use. Cell-based assays, which 
traditionally have been used, can detect RCA in batches of nonreplicating 
adenoviral vectors but cannot distinguish RCA in batches of conditionally 
replicating oncolytic adenoviruses. Therefore, there is a need for 
comprehensive RCA-detection and quantification methods.  

We developed a qPCR-based method for detection and quantification of 
RCA. It utilizes a primer pair detecting the viral gene E1B, which is deleted 
in oncolytic adenoviruses. If that region would be reacquired, causing an 
undesired RCA, it would be detected by the assay, which for that purpose 
needs to be sensitive and accurate. In order to obtain minimal loss of DNA, 
any DNA isolation step was avoided and instead DNA was released by 
enzymatic protein degradation followed by direct transfer to the qPCR 
reaction. 

The assay had a low limit of detection at 10 viral particles (VP) per 40 μL 
reaction volume and a limit of quantification at 70 VP/reaction. In addition, 
we showed that the method is working with the same accuracy even when 
viral contaminants are to be detected in highly concentrated oncolytic virus 
batches. 

The assay was used to test the integrity of a batch of Adf35(OGN) which 
is produced under good manufacturing practice and is intended for use in 
clinical studies. No replication competent contaminants were detected in this 
batch.  

In conclusion, we report a time-saving qPCR-based method for detecting 
and quantifying RCA in batches of conditionally replicating oncolytic 
adenoviruses, with high sensitivity and accuracy. The undetectable levels of 
replication competent contaminants in the clinical grade Adf35(OGN) support 
the use of the virus in a clinical setting. 

Paper III 
To study the toxicity and biodistribution of Adf35(OGN), the virus was 
repeatedly injected subcutaneously in treatment naïve Syrian hamster and 
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intratumorally in α-gal knock out mouse. Syrian hamster have become a 
standard model for toxicity studies of oncolytic adenoviruses since it is 
permissive for adenoviral infection and replication, which is largely 
compromised in other rodent species including mouse125,126. The natural 
expression of α-gal in the wild type Syrian hamster, however, disables this 
model from evaluating the toxicity related transgenic α-gal expressed by 
Adf35(OGN). Therefore, results from the Syrian hamster were complemented 
by toxicity evaluation also in GGTA-1 knock out mouse. 

At necropsy, viral genome copies were detected only in a small proportion 
of the analyzed tissue samples. The viral numbers were also low and the 
highest viral genome copy numbers detected were below 0,002 viral particles 
per hamster cell. 

These results indicate that the viral particles are effectively cleared from 
the circulation, that viral accumulation in tissues is limited and that no 
biologically relevant replication occur. The same low viral numbers were seen 
in bio-fluid samples, which indicate that viral shedding is low and without risk 
of causing secondary infections.  

No treatment related alterations were identified in blood hematology, 
biochemistry or tissue histopathology, indicating that Adf35(OGN) is well 
tolerated. In α-gal-knock out mouse, no treatment related histopathological 
alterations were identified.  

Our results are in line with previous toxicity studies, in which oncolytic 
viruses have been well tolerated127,128. Additionally, oncolytic viruses have 
been extensively used in clinical trials with favorable safety profile, as 
described above51,52,54–91. Taken together our results support a clinical dose 
escalation study with repeated intratumoral injections of Adf35(OGN) as a 
cancer treatment.  

Paper IV 
Immune stimulatory gene therapy using oncolytic viruses as delivery platform 
is a promising strategy for cancer therapy, with one product already approved 
for clinical use129 and several products in clinical trials130. However, the full 
potential of this treatment may not have been reached, since spread of virus in 
the tumor tissue and virus-to-cell contact is limited by various factors. The 
enzymes hyaluronidase and collagenase and the polycations DEAE-dextran, 
branched PEI and protamine sulfate have previously shown potential to 
potentiate gene transfer in different forms of viral gene therapy, since they 
may help the virus to overcome these barriers. Therefore, these substances 
were evaluated as vehicles for adenoviral vectors and oncolytic viruses in vitro 
and in vivo. Beneficial effect on viral transduction was observed for 
hyaluronidase and DEAE dextran in vitro. In solid tumor tissue in vivo, 
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hyaluronidase tripled viral transduction, while no statistically significant 
effect was observed for the other tested vehicles.  

The increase in transduction efficacy facilitated by hyaluronidase is likely 
due to the degradation of extracellular matrix, which lead to increased viral 
spread within the tumor tissue and increased access to tumor cells. This 
mechanism could potentially be even more important in a clinical setting 
where tumors may be larger and richer in extracellular matrix compared to the 
tumor model in mouse. The limited effect of collagenase is likely due to the 
low dose of the enzyme. However higher concentrations were not tolerated 
due to severe tissue damage. The lack of efficacy for polycations indicate that 
the viral spread in tumor tissue is the limiting factor in virus-based gene 
therapy, while repellant electrostatic forces between virus and cell may not be 
a rate limiting factor in viral transduction. Our findings indicate that 
hyaluronidase may be used as vehicle for oncolytic-virus-based gene therapy 
to improve its efficacy.   
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Conclusion and future perspectives  

The work presented in this thesis show that Adf35(OGN) is functional and 
stimulate a broad immune response. It is also safe without significant 
replication or toxicity in normal tissue of used models. The GMP batch of 
Adf35(OGN) is confirmed without replication competent contaminants 
(below detectable levels). 

Next, we propose a phase 1, single-center, open-label dose escalation study 
in patients with advanced solid malignancies. The overall purpose of the study 
is to assess the safety and tolerability of increasing doses of Adf35(OGN) 
administered intratumorally to patients with advanced solid malignancies. A 
standard 3+3 dose escalation design is planned with three dose levels, which 
means that the study will include minimum 9 and maximum 18 patients, 
depending on the toxicity observed. To each patient, up to six injections may 
be given, one every third week at doses of 1x1011, 3x1011 or 1x1012 viral 
particles per injection. 

The virus will be administered through intratumoral injections, usually 
ultrasound guided, of the most accessible tumor lesion, primary or metastasis. 
Cyclophosphamide will be given as conditioning therapy by intravenous 
injection every three weeks, one to three days before the virus injections and 
at a dose of 300 mg/m2. 

Patients may receive up to six repeated injections of the virus. Radiological 
examinations are scheduled at baseline, after three treatment cycles and after 
six treatment cycles, and then every two to four months until progressive 
disease. The treatment will be discontinued if dose limiting toxicity occurs 
and/or progressive disease is evident. 

If no dose limiting toxicity is observed in three patients at a specific dose 
level, enrollment continues at the next dose level. If two out of the three 
patients experience dose limiting toxicity at a specific dose level, that dose 
level is considered as maximum tolerated dose. If one of the three patients 
experience dose limiting toxicity at a specific dose level, three additional 
patients will be enrolled at this dose level, and if in total only one of the six 
patients experience dose limiting toxicity, enrollment continues to the next 
higher dose level. If more than one of the six patients experience dose limiting 
toxicity, the dose level is considered as maximum tolerated dose. 

The primary objective is to determine the maximum tolerated dose and/or 
the recommended phase II dose. Primary endpoint for safety and tolerability 
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assessments will be adverse events related or possibly related to Adf35(OGN), 
and dose-limiting toxicities. Toxicity will be patient reported adverse events, 
physical examination and standard laboratory screening.  

Secondary endpoints will be clinical efficacy, i.e. anti-tumor activity, of 
Adf35(OGN), assessed radiologically by response evaluation criteria in solid 
malignancies for immune-based therapeutics (iRECIST) and overall survival.  

Exploratory endpoints include changes in tumor metabolism, tumor cell 
lysis, tumor immune cell infiltration and systemic immune responses. This 
will be assessed using both biopsy material, when available, and blood, 
analyzing cell-free DNA, flow cytometry of immune cells, cytokines and 
potentially also other metabolic and immune activity parameters.  

If Adf35(OGN) is well tolerated, various clinical studies can follow in 
order to optimize the treatment efficacy. Our primary concern is that virus will 
be trapped locally at the injection site and that treatment will lack efficacy due 
to low transduction of tumor cells. Combination of Adf35(OGN) and 
hyaluronidase may be tested to improve the transduction, but a tripled 
transduction efficacy, as seen in paper IV, may still be far too low to acquire 
the proper immune stimulation. Therefore, in order to circumvent the 
limitation of viral transduction in vivo, we are currently developing a 
technique to generate patient derived primary tumor cells, collected at surgery, 
transduce these cells ex vivo with Adf35(OGN). The resulting advanced 
therapy medicinal product (ATMP)-classed cell product would then be 
transferred back to the patient through intranodal injection. This would be a 
conceptually new form of cancer immunotherapy that places autologous 
tumor cells, containing an ideal tumor antigen repertoire, in the center of the 
adaptive immune system together with the activating and modulatory features 
of α-gal and NAP. This would then be the most specific and yet potent form 
of immunotherapy developed so far. It remains to be investigated weather this 
treatment approach, including transfer of live tumor cells to patients will be 
safe and thus accepted by regulatory authorities. However, therapies using 
genetically engineered primary human cells are currently in clinical trials, for 
other indications. 
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