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APC    Antigen-presenting cell  

CAR    Chimeric antigen receptor  

CAR    Coxsackie- and adenovirus receptor  

CD40L    CD40 ligand  

CMV    Cytomegalovirus  

CTL    Cytotoxic T lymphocyte  

CTLA-4   Cytotoxic T lymphocyte antigen-4  

DCs    Dendritic cells  

DNA    Deoxyribonucleic acid  

FasL    Fas ligand  

GM-CSF   Granulocyte-macrophage colony stimulating factor  

IL    Interleukin  

IFN   Interferon  

MDSCs   Myeloid-derived suppressor cells  

MHC    Major histocompatibility complex  

NK    Natural killer  

NKT    NK T cells  

PD-1    Programed death-1  

PD-L1    Programed death-ligand 1  

pRb    Retinoblastoma protein  

TAA   Tumor-associated antigens  

TAM    Tumor-associated macrophages  

TCR   T cell receptor  

TGF    Transforming growth factor  

Th    T helper  

TILs    Tumor-infiltrating lymphocytes  

TMZ    Trimerized membrane-bound isoleucine zipper  

TNF    Tumor necrosis factor  

TNFR   Tumor necrosis factor receptor 

Tregs    T regulatory cells  

VEGF    Vascular endothelial growth factor  



` 

4 
 

Abstract 
 

 Cancer is a major health burden in modern society, costing millions of lives worldwide and 

negatively impacting many more. With increasing rates of cancer, there is a need for new 

approaches to its treatment. This is where immunotherapies step in, this a relatively new approach 

to cancer treatment which caught public’s attention only in recent years. The main goal of these 

therapies is to enhance and help immune cells to identify and kill tumor cells, thereby initiating the 

cycle of cancer immunity. In this project LOAd platform viruses were evaluated and compared for 

their ability to induce oncolysis in cancer cells and ability to produce immunostimulatory molecules. 

Established LOAd703 virus armed with CD40L and 4-1BBL transgenes was compared to new 

constructs LOAd732, LOAd780 and LOAd786. All three new viruses are armed with CD40L and 4-

1BBL, but also have additional transgenes X, Y and Z, respectively. Specific molecules coded by 

these transgenes cannot be disclosed at this moment. All viruses demonstrated high competence in 

oncolysis of A549-lung, T24-bladder and 526-mel melanoma cancer cell lines and were able to 

express transgenes coding for CD40L and 4-1BBL in all cell lines. New viruses were able to induce 

expression of new transgenes in infected cells, except for LOAd780 infected cell which had low 

concentration of protein Y in their supernatants. Also dendritic cells matured using LOAd viruses 

were able to induce expansion of CMV-specific T cells and a major expansion of natural killer cells.  

Introduction  
 

 According to World Health Organization (WHO) cancer is the second leading death cause in 

the world with around 14 million deaths annually. Cancer is characterized by the transformation of 

healthy cells into cancerous cells. This transformation can be induced by genetic mutations of the 

genome and epigenetic alterations of its expression. These changes lead to unregulated growth and 

dysregulated homeostasis of the cell. There are six biological traits that are acquired during 

development of cancer and are held as hallmarks of cancer: ability to sustain proliferation signaling, 

resistance to or evasion of growth suppressing factors, resistance to apoptosis, replicative 

immortality, activated angiogenesis, invasiveness and active metastasis [1]. Nowadays cancer 

treatment is mainly based on combinations of surgery, drug and radiation therapies that are known 

to have high toxicity and in some cases can increase susceptibility to severe infections [2], cause 

damage to host genetic material, and cause secondary malignancies [3]. This is usually due to the 

fact that therapies lack specificity for tumor cells, and simply function by killing rapidly proliferating 

cells. They are therefore also toxic to healthy cells known to proliferate at high rate such as in the 

bone marrow or gastrointestinal tract [2]. Also chemotherapy and radiation therapy have 

limitations in treating metastatic cancers and it has been observed that tumor cells can develop 

genetic mechanisms capable of inhibiting cell apoptosis that is induced by different chemotherapy 

and radiation treatments [4]. A relatively new approach in cancer treatment is the use of 

immunotherapy. It is a field that unifies different methods and approaches of influencing the 

patient’s immune system to actively target and kill cancerous cells. One possibly surprising 
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approach to immunotherapeutic treatments against cancer is the use of viruses. They are 

interesting candidates because of their oncolytic capabilities and possibility to use them as 

transportation vehicles to deliver immunostimulatory genes straight to malignant cells and their 

surrounding environment. These infective agents can be genetically engineered to become fighting 

agents that would target only cancerous cells and would not be able to proliferate and harm 

healthy host cells that surround tumors.  

 

Cancer and its biology 

 To understand the possibilities of these therapies and why viruses could be the new 

therapeutic approach in cancer treatment we need to understand the biological specificity of 

cancer cells, the tumors that they produce, and the microenvironment that surrounds them. For 

the majority of time cancer has been seen as a disease of clonal replication, where one mutated 

malignant cell can replicate indefinitely and this way form and maintain a tumor. But with deeper 

knowledge of cancer biology this view has changed. Now it is widely accepted that tumors contain 

intratumoral cell heterogeneity with cells expressing different phenotypes. These cells can be 

heritable or non-heritable, and induced by both genetic and non-genetic variability inside the tumor 

[5]. It has been observed that different subpopulations from different parts of the same tumor 

express different growth rates, responses to drugs, ability to induce immune response and 

capability to metastasize [5, 6]. This intratumoral heterogeneity can be driven by different factors. 

One of the driving forces might be the difference of tumor structure. Tumors have a varying 

architecture with different availability of resources such as oxygen and nutrition [5]. It is intriguing 

that today cancer can be viewed and approached as an ecosystem, with different cells involved in 

heterotypic interactions within its environment and surrounding cells. A large part of cancer defects 

leads to abnormal function of p53 and retinoblastoma protein (pRB) pathways, which are essential 

for control of cell proliferation cycle and suppression of tumor growth [2].  

 

Immune cells and cancer-immunity cycle 

 The anti-tumor immune response depends on a number of different immune cells belonging 

to both innate and adaptive immune systems. Cells such as macrophages, T cells, NK cells, 

neutrophils, dendritic cells (DCs) and their interdependent interactions are needed to achieve anti-

tumor effect. The two most important effector cells are CD8+ T cells and NK cells which are directly 

responsible for the elimination of malignant cells.  

  

 T cells 

 An important part of immune system are T lymphocytes (also called T cells) which play an 

essential role in both innate and adaptive immune response [7]. T cells differentiate into CD4+, 

CD8+ and T regulatory (Treg) cell populations. CD4+ cells are also known as T helper (Th) cells and 
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they can differentiate into a number of cell lineages such as Th1, Th2, Th17. These cell lineages are 

defined based on their production of cytokines and pathogens they target. They have a wide range 

of important functions for immune system response, it ranges from activation of cells belonging to 

the innate immune system, activation of B lymphocytes and cytotoxic T cells (CTLs) to suppression 

of immune system [7]. Th1 CD4+ T cells induce anti-tumor immunity by producing pro-

inflammatory cytokines such as interleukin (IL)-2, interferon (IFN)-γ and activating CTLs. While Th2 

cells have been shown to inhibit anti-tumor effect by inhibiting cell-mediated immunity and 

promoting angiogenesis [8, 9]. CTLs are CD8+ T cells which are important against intracellular 

pathogens, such as viruses, bacteria and cancerous cells. CD8+ T cells recognize proteins that are 

presented on major histocompatibility complex I (MHC I) and have to be primed by antigen-

presenting cells (APCs) such as DCs [10]. After DCs prime CTLs with a particular tumor associated 

antigen (TAA), CTLs will be able to recognize and eliminate cells that present this particular antigen. 

T regulatory cells (Tregs) are CD4+ cells that express high levels of CD25 and FoxP3 transcription 

factor. In healthy individuals Tregs are important for peripheral tolerance and keeping immune 

homeostasis, but in tumor microenvironment Tregs suppress anti-tumor effect [11]. Tregs produce 

suppressive cytokines, express immune checkpoint and inhibitory receptors and can kill CTLs by 

direct cytotoxicity [12]. 

 

 NK cells 

 Natural killer cells are lymphocytes that belong to the innate immune system and are 

responsible for early immunity and cancer immunesurveillance. These cells do not require initial 

priming by APC and express killer-immunoglobuline-like receptors. NK cells bind MHC I, thus cells 

expressing MHC I are recognized as normal, healthy cells and are not killed. Some virus-infected or 

malignant cells can downregulate the expression of MHC I molecule, which enables NK cells to 

eliminate them by releasing Granzyme B and perforin, or by activating Fas ligand (FasL) and TRAIL 

death-receptor pathways [13, 14]. 

 

 DCs  

 Dendritic cells play a key role in anti-tumor immunity as immature DCs have a high capacity 

to engulf apoptotic cells and cell debris. Importantly, they are able to present various antigens to T 

cells through both MHC I and II. DCs are activated by stimulation of signaling receptors like Toll-like 

receptors (TLRs) and other receptors that recognize various danger signaling proteins [15]. For 

example, adenovirus can stimulate DCs through activation of TLR 2 and TLR 9 [16]. One of strongest 

activators of DCs is the signaling via the CD40 receptor by CD40L and, it has been shown that CD40 

signaling can be potentiated with TLR’s stimulation [17]. Normally, activated CD4+ T cells provide 

CD40L stimulation to DCs. After activation, cells mature into a phenotype that is less prone to 

engulf new antigens and upregulate expression of MHC I and II costimulatory molecules and Th1 

response inducing cytokines such as IL-12 [18]. Fully activated DCs present captured antigens to 
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CD8+ T cells, which results in expansion of antigen-directed CTLs that can target and destroy in 

particular cells expressing target antigen [15].  

  

 Cancer-immunity cycle  

 The immune system is the main defense system protecting the human body from a number 

of different pathogens, like viruses, bacteria and parasitic worms. But external pathogens are not 

the only targets of the immune system, it also surveils for cells expressing mutated self-molecules 

[19]. Cancer immunity cycle is a process that describes how the immune system can recognize and 

kill cancer cells. It starts with the differentiation of healthy cells into dysregulated cancer cells. 

During this change, tumor antigens are created by oncogenesis, released and engulfed by DCs. This 

step has to be supplemented by immune signals that would specify the type of immune response 

otherwise the DCs will be immature and present antigens without giving full co-stimulation leading 

to tolerization of T cells against the tumor. The signals to activate the DCs could be pro-

inflammatory cytokines or factors released from dying cells. Next, mature DCs present cancer 

antigens on MHC I and MHC II molecules together with co-stimulation. The antigens are recognized 

by T cells, thereby priming and activating effector T cell response against cancer antigens. At this 

point, the ratio between effector T cells and regulatory T cells is crucial, as it determines the type of 

immune response. Tumor immunity depends on the balance of immune mediators which induce 

pro-tumor/anti-inflammatory or anti-tumor/pro-inflammatory effect. Cells like CD4+ T (Th1), CD8+ 

T and NK cells are known effectors of anti-tumor immunity, while Tregs, CD4+ T (Th2), myeloid-

derived suppressor cells (MDSCs) and tumor associated macrophages (TAM) promote tumor 

progression [8]. After activation by APCs, T cells migrate to the tumor site and infiltrate the tumor. 

T cells recognize cancer neoantigens using its T cell receptor (TCR), which binds to its target antigen 

presented on MHC I and initiates killing of the cancer cell, which in turn releases even more cancer 

antigens. But this cycle is prone to errors, as every step of the cycle can be influenced or inhibited 

[20]. 
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Figure 1. Cancer immunity cycle. Re-printed with approval 

 

 Immune suppression 

 The immune system has a number of different effector cells like DCs, pro-inflammatory M1 

macrophages, CTLs and NK cells that it counts on to induce an immune response against cancer 

cells. In most cases, however, immunosuppressive cells outmatch them and after some time in 

tumor microenvironment anti-tumor immune effector cells become anergized or are killed [18]. 

This is done by inducing differentiation and proliferation of immunosuppressive cells like MDSCs, 

TAMs and Tregs. Tumor cells, and its surrounding stroma, can upregulate molecules that attract or 

expand these immunosuppressive cells. Cancer cells also can use other immune escape 

mechanisms such as downregulation of MHC molecules, TAA and resistance or downregulation of 

death receptor-mediated apoptosis [21, 22]. For example, CTLs can be rapidly inhibited by the 

immunosuppressive cell types in the tumor environment [18]. Tumor microenvironment has 

malignant and stroma cells that produce high amounts of various immunosuppressive factors such 

as transforming growth factor (TGF)-β that induces Tregs, granulocyte-macrophage colony 

stimulating factor (GM-CSF) and tumor necrosis factor (TNF)-α which induces tumor cell growth and 

migration [23, 24], vascular endothelial growth factor (VEGF) that induces angiogenesis and a 

number of others. 

 

 MDSCs 

 High concentrations of suppressive factors such as TGFβ and GM-CSF disrupt normal 

development of the myeloid cells in the bone marrow, resulting in infiltration of immature myeloid 

cells into the tumor milieu. These cells lack maturation markers and are known as MDSCs [25]. 
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Because of their immunosuppressive nature they affect anti-tumor immune responses negatively 

by producing even more inhibitory cytokines and growth factors such as IL-10, TGFβ, Prostaglandin 

E2 (PGE2), Arginase 1 and myeloperoxidase (MPO) which are known for suppressing T cell activity, 

promoting Treg differentiation, and preventing maturation of DC cells [18, 26].  

 

 TAMs 

 Monocytes that enter tumor microenvironment often differentiate into anti-inflammatory, 

pro-tumor M2 macrophages because of surrounding molecules like IL-4, IL-13, IL-10 and TGF-β. M2 

macrophages secrete even more TGFβ, IL-6, IL-10, VEGF, but also additional compounds such as IL-

17, IL-23, fibroblast growth factor 2 (FGF2) and matrix metalloproteinase (MMPs) [26, 27]. MMP’s 

induce endothelial cell migration into tumor milieu followed by formation of new vessels, giving M2 

macrophages an important role in angiogenesis and delivery of nutrients and oxygen to the growing 

tumor [18, 26]. In addition, macrophages are found in tumor environment where they help with 

tumor progression and can recruit and help to differentiate Tregs [26]. 

 

 Tregs 

 Tregs are strong inhibitors of the anti-tumor immune response, and a high number of Tregs 

in the tumor environment are generally associated with poor prognosis [28]. Inhibition is achieved 

by killing CD8+ cytotoxic T cells, via the induction of Fas cell surface death receptor and ligation to 

FasL or the release of granzyme A and perforins. Tregs can also suppress the immune system by 

producing the cytokines IL-10, IL-35 and TGF-β that inhibit DCs and effector T cells [26, 28]. 

 

 Immune checkpoint molecules 

 Immune checkpoint molecules are responsible for controlling T cell immune responses by 

regulating the balance between stimulatory and inhibitory signals. Overstimulation of the immune 

system can lead to chronic inflammatory damage and autoimmunity. Most explored co-inhibitory 

receptors are cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and programed death-1 (PD-1). 

CTLA-4 is a homolog of the T cell co-stimulatory protein CD28 and competes for ligation of the 

costimulatory B7-1 and B7-2 (CD80 and CD86) cell surface molecules expressed on APCs such as 

DCs. In this way it is inhibiting the secondary signal needed for a complete T cell activation of naive 

T cells [29]. PD-1 protein is a cell surface receptor that inhibits T cell function by binding programed 

death ligand-1 and 2 (PD-L1, PD-L2). PD-1 is found on CD4+ and CD8+ T cells, peripheral B cells and 

NK cells. It is believed to inhibit cell later in the immune response during effector stage [30]. After 

ligation with its target ligands PD-L1 or PD-L2, the signaling pathway suppresses T cell proliferation, 

cytokine activity and effector function, such as IFN-γ production [31]. 
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Immunotherapy 

 Immunotherapy is a relatively new approach to cancer treatment, where the main effector 

against cancer cells is the patient’s own immune system. The main goal of these therapies is to 

enhance and help immune cells to identify and kill tumor cells, thereby initiating the cycle of cancer 

immunity. This approach has shown promising results in different types of cancers and additionally 

to this it generally shows a milder and easier to manage safety profile compared to traditional 

treatments [20].  

 

 Immune checkpoint-inhibitors 

 One of recently introduced and clinically available immunotherapy treatments is immune 

checkpoint inhibitors. These inhibitory systems are controlled by ligand and receptor interactions 

that can be induced or inhibited by antibodies or recombinant forms of ligands [32]. CTLA-4 was the 

first target for immune checkpoint blockade therapy. Ipilimumab is an inhibitor of CTLA-4 and has 

been approved for advanced, or unresectable, melanoma [33]. Today PD-1 is more widely used for 

immune therapies. Since 2014 Nivolumab was approved for treatment of unresectable melanoma 

and was the first approved PD-1 inhibitor in the world. Since 2015 it was approved for treatment of 

squamous cell lung cancer and approval for many other indications has followed. In 2017 

Pembrolizumab has been approved by FDA for unresectable or metastatic solid tumors with 

mismatch repair deficiency or microsatellite instability [33]. This was the first cancer drug approved 

for a phenotypic ability rather than tumor origin and marked the beginning of approved 

personalized therapeutic strategies. 

 

 Adoptive cell transfer 

 Adoptive cell transfer (ACT) is a relatively new approach in cancer therapeutics and consists 

of a number of ongoing and some approved ACT therapies such as tumor-infiltrating lymphocyte 

(TIL) based therapy, TCR-modified T cells and T-lymphocytes expressing chimeric antigen receptors 

(CAR) [26]. Both TCR and CAR methods introduce tumor-specific antigen receptors into normal T-

cells, by integrating a gene that codes for conventional alpha-beta TCR or CAR molecule into the T 

cell genome [34]. 

 

Virotherapy 

 One of the novel therapeutic approaches for cancer treatment is the use of genetically 

engineered viruses for virotherapy. Anti-tumor effect is achieved through killing of the tumor cells 

by the cytolytic viral replication cycle, followed by the release of TAAs and induction of Th1 immune 

response. Modified replication-competent viruses selectively replicate in tumor cells and after 

oncolysis viral particles are released and spread into surrounding tissue and adjacent tumor mass. 

Because of this, replicating viruses have multiple self-perpetuating cycles of infection, 
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compensating the main limitation of replication-deficient viruses [2, 35]. Some viruses, such as 

Newcastle virus, vesicular stomatitis virus and reovirus, have a natural ability to replicate in 

transformed cells. But a majority of viruses, like herpes simplex virus or adenovirus have to be 

genetically modified to act as conditionally replicating viruses. The modification is done by two 

main methods: transcriptional control of genes using promoters that are active in specific tumor 

cells or deletion of viral functional genes that are dispensable in tumor cells [2]. These approaches 

are picking up speed as potent new treatment strategies. Virotherapy can be also combined with 

immunostimulatory gene therapy by arming viruses with transgenes that could improve the overall 

anti-tumor efficacy. This is being done by arming viruses with tumor suppressors, pro-apoptotic 

proteins and other immune system influencing compounds [32].  

 Combination of oncolytic replicating adenoviruses with transgenes that can stimulate anti-

tumor immunity shows great promise for targeting tumors and immune system selectively. During 

viral replication and oncolysis high amounts of cytokines and tumor antigens are released, which 

helps to mobilize the immune system and enhances the overall anti-tumor effect [35]. Viruses are 

associated with highly immunogenic and pro-inflammatory effects due to production of pathogen-

associated molecular patterns (PAMPs) and release of damage-associated molecular patterns 

(DAMPs) from infected cells. All of this together with stimulation of immune system by armed 

transgenes can tilt the effect of immunosuppressive tumor environment to instead increase 

immune activation leading to anti-tumor effects [32]. There have been some adverse events 

reported from clinical trials with viral immunotherapies, but those are usually only symptoms of 

mild flu. In 2016 a published clinical trial of genetically modified oncolytic T-Vec virus (talimogene 

laherparepvec) showed some modest adverse effects, such as flu-like symptoms, low fever, nausea, 

pain in the injection site. They also reported of one patient experiencing hypotension and 

tachycardia [36]. One publication also reported increase in production of liver enzymes [4]. 

  

 Adenovirus  

 Human adenoviruses (Ad) belong to the genus Mastadenovirus, which is divided into seven 

known Ad groups from HAdVs-A to HAdVs-G. First adenovirus was discovered in 1953 by Rowe and 

his colleagues during an investigation into polioviruses. To this day there were at least 57 serotypes 

of Ads discovered. Generally, Ad causes infections of respiratory and gastrointestinal tract which 

leads to illnesses like pneumonia, gastroenteritis, hepatitis and conjunctivitis [37]. Adenovirus is a 

non-enveloped icosahedral virus with a protein capsid from 65 to 80 nm in diameter and contains a 

36kb linear double-stranded deoxyribonucleic acid (DNA) genome packed inside the capsid. Viral 

capsid is built out of 240 hexon components and has 12 pentons that function as bases for fibers. 

Cell binding fiber proteins are projected from the 12 vertices of the capsid, they are responsible for 

initial virus binding to the cell receptors such as coxsackie-adenovirus receptor (CAR) and integrins 

[4, 37]. Type 5 Ad (Ad5) is widely used to study molecular biology of viruses [2] as it has not been 

identified to cause any serious diseases and can replicate in different types of tissue [35, 38]. During 

infection DNA reaches nucleus and is transcribed without insertion into host genome. It is known 
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that hematopoietic cells are very resilient to adenovirus infections [39]. Ad can achieve up to 1000-

fold increase of viral particles in single replication cycle [4]. Neutralizing antibodies target the Alpha 

component of the viral hexon, this site contains an antigen which can be found on all mammalian 

adenoviruses [37].  

 

 Replication strategy 

 It is intriguing that DNA viruses such as the adenovirus have evolved to control and exploit 

the same cell regulatory systems that are ultimately dysfunctional or altered in cancer cells [39]. 

After viral infection the immediate response of the infected cell is to activate genes related to two 

major cellular processes: immune response and inhibition of cell growth. During infection, Ad 

achieves replication by binding viral early (E) genes E1A and E4-orf6/7 proteins to cellular pRB. In 

turn this induces dissociation of pRB/E2F complex and E2F is free to activate cellular genes needed 

for DNA synthesis and cell cycle progression [2, 40]. Ultimately, these proteins support replication 

of the viral DNA as well. Expression of early genes lead to initiation of expression of late (L) genes 

that codes for structural virus proteins. Finally, gene expression leads to translation of viral proteins 

and assembly of new viral particles. When the viral particles reach a critical number, the host cell 

will die in a process called oncolysis which releases the viral particles to infect nearby cells. 

 

 Replication mechanism 

 The E1 gene region is essential in Adenoviruses for initiating the life cycle of the virus, as it is 

responsible for successional expression of early and late genes [38]. After Ad genome reaches the 

nucleus of the infected cell, viral DNA anchors to the center of active transcription where viral gene 

transcription can begin. Primary role of E1A and E1B genes in Adenovirus is to inhibit pRB and p53 

regulatory pathways. E2F transcription factor works as a transcriptional activator of viral genes and 

cellular genes that are responsible for the control of the cell cycle and DNA synthesis. E1A removes 

pRB that inhibits E2F and stimulates p300 enzyme which in turn activates E2F [2]. Viral E1B gene 

produced products inhibits early death of infected cell [4], it codes for two big proteins, E1b-19k, 

which is a potent inhibitor of apoptosis [41], and E1b-55K protein that can bind to and inactivate 

the p53 system [42]. In early phase E1B-55K inhibits stabilization of p53-dependant transcription by 

binding to it, activating p53 degradation through induction of E4orf6-E3 ubiquitin ligase complex 

and counteracting E1A [41, 43].  

 

 Adenovirus as cancer therapeutics  

 Replication-defective Ad  

 First adenoviruses used as targeted therapeutic agents were replication-defective vectors 

with deletions in E1 region often in combination with E3 region [38]. This was done after 

observations that E3 gene is not required for viral replication [35]. These viruses would carry 
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therapeutic genes in place of deleted regions as the viruses after deletions had enough space in the 

genome to carry a large transgene cassette. These cassettes could code for some therapeutically 

effective products like suicide genes, antigens, antibodies or immunity stimulating molecules [38]. 

 Conditionally replicating Ad viruses (CRAds) were engineered to selectively replicate only in 

cancer cells [38]. Because of their ability to replicate and selectively lyse infected cancer cells, they 

are able to induce a secondary infection of surrounding cells. [41]. As aforementioned E1A and E1B 

genes in adenovirus genome inhibit pRB and p53 regulatory pathways, so inactivation or deletion of 

these genes might lead to restricted viral replication only in cells with defects in these regulatory 

pathways. For this strategy to succeed, deletions in E1A and E1B should not affect any other critical 

functions of the virus [2]. Production of oncolytic adenovirus with specific mutations in the E1A 

region was focused on deletions of 24 base pairs in CR2 region from E1A, also known as Δ24 mutant 

[38]. This region codes for a major binding site to pRB and its protein family members. Mutation in 

this region inhibits transformation by E1A, but does not inhibit its function as a transcription factor 

[2, 39, 44]. It was shown that AdΔ24 viruses lost their ability to replicate in normal, healthy 

fibroblasts or cancer cells with restored pRb activity [44]. Second method is the control of gene 

expression which is important for viral replication. For this task tumor or tissue specific promoters 

(TSP) are used. To make this work, the initial replication gene E1A is put under control of a specific 

exogenic promoter that is active in particular tumor cells rather than healthy cells, this way 

increasing selective replication capability [4, 35, 45]. 

 

 LOAd platform 

 LOAd platform viruses are genetically engineered oncolytic serotype 5/35 adenoviruses that 

are investigated as a possible immunotherapeutic treatment against different cancer types. LOAd 

viruses are based on modified ICOVIR-15 [46] Ad virus that has a series of homologous 

recombinations. First of all, it is a chimeric virus, meaning the Ad5 fiber shaft and knob was 

replaced by a serotype 35 fiber [26, 47]. This is done because Ad5 CAR receptor is downregulated in 

cancer cells and Ad35 belongs to the group B of Ad, which uses CD46, as an attachment point [48]. 

CD46 is widely expressed throughout the body in healthy and tumor cells [26]. A number of 

different modifications were made to the early phase E1A gene. A section of 24 base pairs was 

deleted (Δ24) from E1A region, followed by deletion of 6.7K/gp19K in E3 region. The reason for 

deletions in E1A region is that majority of tumor cells have flawed control of E2F function due to 

hyper-phosphorylated or dysfunctional pRB [2]. Thus, in cancer cells high amounts of E2F are free 

and can induce viral replication, whereas in healthy cells the Δ24 deletion inhibits E1A from binding 

to pRB and releasing E2F in healthy cells [26, 49]. E3A gene ONYX-304.323 sequence was 

eliminated, which resulted in deletion of 6.7K and gp19K genes. These genes are important for viral 

evasion from immune system and recognition by CTLs. 6.7K gene codes a protein that reduces 

expression of TRAIL receptors that are expressed on the surface of infected cells and gp19K protein 

is able to trap MHC class I inside endoplasmic reticulum (ER). Additionally, four palindromes 

carrying eight E2F-binding sites and one Sp-1 binding site were inserted into endogenous promoter 
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of the E1A gene. Free E2F protein can bind to the E2F palindromic site on viral E1A promoter, this 

way enhancing transcription of viral E1A gene. This in turn enhances the following activation and 

transcription of other early genes [49]. Cassette with coded transgenes is added after L5 gene 

which codes for serotype 35 fiber [26, 47]. Transgenes are controlled by cytomegalovirus (CMV) 

promoter, which enables transgene expression in infected cells without virus replication [26]. 

 

 

Figure 2. The LOAd-virus backbone. Re-published with permission 

  

 In this thesis work, six different viruses from this platform were investigated: LOAd(-), 

LOAd700, LOAd703, LOAd732, LOAd780 and LOAd786. LOAd(-) is a viral vehicle that is not armed 

and doesn’t carry the CMV transgene cassette, LOAd700 is armed with a transgene encoding for a 

trimerized membrane-bound (TMZ)-CD40 ligand, LOAd703 virus has a transgene cassette coding for 

TMZ-CD40L and 4-1BB ligand [50]. LOAd732, LOAd780 and LOAd786 also carry both TMZ-CD40L 

and the 4-1BB ligand together with a different immunostimulatory protein named herein X, Y and Z 

which at this moment cannot be disclosed because of a pending patent. Trimerized CD40L is almost 

fully based on a wild type (wt) human CD40L with only wt intracellular domain removed. Instead of 

the wt intracellular domain an oligomerized domain known as isoleucine zipper is used, which is 

connected to the extracellular and transmembrane domains using a linker [51]. CD40L is naturally 

expressed on a number of cells such as activated T cells, B cell, platelets and NK cells, and it is 

produced both as a transmembrane and a soluble (sCD40L) protein [52]. CD40 belongs to tumor 

necrosis factor receptor (TNFR) family and is expressed by multiple cell types such as epithelial, 

endothelial cells, APCs, B cells and few others. A wide number of processes are regulated using 

CD40/CD40L interaction; it is involved in the initiation and progression of cellular and humoral 

adaptive immunity, cell-mediated responses such as DC maturation and induction of Th1 type 

immune response [52]. Recent research and early clinical trials have shown that activation of CD40 

pathway has a quite promising response in multiple cancers [26]. 4-1BB/4-1BBL also belongs to the 

TNFR family and 4-1BB receptor (CD137) is expressed on CD4+ and CD8+ cells, activated NK cells, 

DCs and neutrophils, while 4-1BB ligand is expressed on professional APCs, including DCs, 

macrophages and activated B cells. It has been shown that 4-1BB/4-1BBL interaction provides 

costimulatory signals to both CD4+ and CD8+ cells and leads to proliferation of CD8+ cells [53]. Also 

it is known to enhance immunologic memory and expand NK cells [26]. 

Broad activation of the CD40 pathway induces liver toxicity, for this reason a localized intratumoral 

CD40L gene therapy could be safer, as it evokes tumor specific immunity [50]. Often tumors lesions 

consist of non-cancerous cells which outnumber the cancerous cells. For example, pancreas cancer 

malignant cells can be as low as 10-20% of overall tumor cell count. In these instances, the LOAd 
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viruses will mainly infect the healthy stroma cells and these cells will express the transgenes 

independently from viral replication which can only take place in malignant cells [17].  

 

AIM 

 The aim of this study is to compare different LOAd platform viruses for their oncolytic 

capacity and expression of immunostimulatory molecules in different cancer models. In order to 

investigate the immunostimulatory effect of the transgenes, a CMV-specific T cell expansion assay 

is used to examine the ability of DCs to expand CMV-specific T cells after stimulation with LOAd 

platform viruses.   
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Methods and Materials 
 

 Cell lines 

 Three different human cancer cell lines were used: A549 lung cancer cell line, T24 bladder 

cancer cell line and 526-mel melanoma cell line. Both A549 and 526-mel cells were cultured using 

RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS), 1% penicillin/streptomycin 

(PeSt), but A549 cell medium was also supplemented with 1% sodium pyruvate. T24 cells were 

cultured using DMEM medium supplemented with 10% FBS and 1% PeSt. All cell lines were cultured 

at 37 °C and 5% CO2. All medium components were bought from Gibco/Thermo Fisher. 

 

 MTS viability assay 

 Cultured cells were harvested, washed with serum-free medium and counted using Cell 

counter TC20™ (BioRad, CA, USA). 0.5*106 cells were moved to tubes and centrifuged. Virus was 

added to the cell pellet (100 MOI (multiplicity of infection): ratio of infectious agents to targets), 

and incubated for 2 h at 37 °C, 5% CO2. After incubation the cells were plated in 96-well plates in 

quadruplicates in a final cell count of 10 000 cell/well. Cell viability was determined at 48 h and 72 h 

using MTS Cell Titer 96 Aqueous One Solution cell proliferation assay (Promega, WI, USA). The 

experiment was repeated three times with each cell line. 

 

 Transgene expression 

 Cells were harvested, washed with serum-free medium and counted. 0.5*106 cells were 

moved to tubes and centrifuged. Virus was added to the cell pellet (10 MOI) and incubated for 2 h 

at 37 °C, 5% CO2. After incubation cells were plated and incubated for 24, 48, and 72 h. After 

incubation the cells were harvested, centrifuged and the cell culture supernatants were collected 

for further ELISA analysis. Cell pellets were washed using FACS Stain buffer (0.5% BSA in PBS + 3mM 

EDTA) and centrifuged. After washing, cells were stained with antibodies against CD40L, 4-1BBL 

(clone: 24-31, 5F4, respectively; BioLegend, CA, USA) and IgG1 isotype control antibodies (clone: 

MOPC-21; BioLegend) for 15min at room temperature (RT). After staining, cells were washed using 

FACS stain and fixed using FACS fix (1% PFA in PBS +0.5% BSA). Samples were analyzed using flow 

cytometry (FACS Canto II, BD Biosiences, San Diego, CA, USA). Data analysis was performed using 

FlowJo software (Treestar, Ashland, OR, USA). The experiment was repeated three times with each 

cell line. 

 Collected cell culture supernatant samples were investigated using ELISA. Level of proteins 

(X, Y, Z) produced in cancer cells by LOAd732, LOAd780 and LOAd786, respectively, were measured. 

Samples were collected after A549, T24 and 526-mel cancer cells were infected with LOAd viruses 

as explained before. Three different kits were used to identify each soluble molecule in samples, 

molecule X using Pre-Coated Human ELISA Kit LEGEND MAX™ (BioLegend, San Diego, CA, USA), 
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while molecules Y and Z were measured using Human ELISA Kits from BioSite (Nordic BioSite, Täby, 

Sweden). All three assays were performed using manufacturers provided protocols. 

 

 Detection of virus replication (qPCR) 

 T24 (0.5*106) cells were infected with LOAd virus (50 MOI) and incubated for 2h. After 

incubation, cells were plated and cultured for 2 h, 48 h and 72h. At these time points, viral DNA was 

isolated from all samples with High Pure Viral Nucleic Acid Kit (Roche, Basel, Switzerland) according 

to the manufacturer’s protocol and frozen at -20 °C for later amplification. RT-qPCR was performed 

using primers detecting adenoviral E4 orf1 transcript. Primers used for detecting DNA were pF- 

5'CATCAGGTTGATTCACATCGG3' and pR- 5'GAAGCGCTGTATGTTGTTCTG3'. RT-qPCR was performed 

using iQ SYBR® Green PCR Supermix (BioRad, CA, USA) and the viral DNA template was diluted 

1:100. Amplification reaction of 40 cycles was measured using Bio-Rad CFX96 Real-Time System and 

analyzed using CFX Manager Software (Bio-Rad Laboratories).  

 

 Expansion of CMV specific T cells by LOAd viruses 

 Buffy coats from healthy blood donors were acquired from Blood Bank at Uppsala University 

Hospital. Buffy coats were tested for the presence of CMV-specific T cells. For that, samples were 

stained using CD3, CD8 antibodies (Clones: UCHT1 and RPA-T8 respectively; BioLegend), CMVpp65 

tetramer (iTAg Tetramer/PE – HLA-A*02:01 CMV pp65 (NLVPMVATV)) and analyzed using flow 

cytometry. Peripheral blood mononuclear cells (PBMCs) were collected from CMV-positive donors 

using Ficoll-Plaque (GE Healthcare, Boston, MA, USA) gradient centrifugation. CD14+ monocytes 

were separated using CD14 MicroBeads (Miltenyi Biotec, Bergisch Gladbach, Germany). CD14- cells 

were saved and frozen at -80 °C. CD14+ cells were differentiated into immature DCs by culturing 

them in RPMI supplemented with 10% FBS, 1% PesSt, 1% Hepes, 0.2% beta-mercaptoetanol 

together with granulocyte–macrophage colony-stimulating factor (GM-CSF) (150 ng/mL) and 

Interleukin-4 (IL-4) (50 ng/mL) (Human DC cytokine package HDC, Peprotech, Rocky Hill, NJ, USA). 

After six days of cultivation immature DCs were infected with LOAd(-), LOAd703, LOAd732, 

LOAd780 and LOAd786 viruses (50 MOI) or stimulated with TNFα (40 ng/mL) and Poly IC (30 µg/mL; 

Sigma-Aldrich, Saint Louis, MO, USA) (positive control) and cultivated for 24 hours. During 

incubation remaining immature DCs were stained using CD1a, CD14 and CD83 (clone: HI149, HCD14 

and HB15e, respectively; BioLegend) antibodies and analyzed by flow cytometry. After 24 h of 

cultivation, DCs were pulsed with CMV peptide pp65 NLVPMVATV (0.01 µg, GeneScript) and beta2-

Microglobulin (1 µg, Sigma) for 4 h. Pulsed DCs were mixed with autologous CD14- PBMCs in a ratio 

of 1:10 and co-cultured for 11 days. Co-cultured cells were collected and counted, stained with 

antibodies targeting CD3 and CD8 (clones: UCHT1 and RPA-T8 respectively; BioLegend), negative 

tetramer-PE, CMVpp65 tetramer, PD-1 CTLA-4, CD107a, Tim-3, CD56, CD16 (clones: EH12.2H7, 

L3D10, H4A3, F38-2e2, HCD56 and 3G8, respectively; BioLegend) and analyzed using flow 

cytometry. The experiment was performed with two different donors.  
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Results 
 

 Three newly constructed oncolytic LOAd viruses were compared with previously 

investigated LOAd703 virus for its oncolytic capabilities and immunostimulatory molecule 

production.  

 New viral constructs maintain their oncolytic competence 

 To investigate the oncolytic capacity of the new viruses, three cancer cell lines (lung cancer 

A549, bladder cancer T24 and melanoma 526-mel cells) were infected with LOAd viruses. Ad5/35-

Mock is a replication-deficient (E1/E3 deleted) chimeric 5/35 adenovirus. LOAd (-) is a viral control 

vehicle that is not armed and doesn’t carry the CMV transgene cassette. All LOAd viruses decreased 

the viability of all cancer cell lines. (Figure 3). The highest decrease in cell viability was measured in 

T24 cells, where up to 97% of infected cells were killed and the lowest in A549 cells.  

Measurements were taken at two time points, A549 cell viability results were quite similar between 

all virus groups at both 48 and 72 h, but viability was generally lower after 72h. LOAd703 virus 

demonstrated highest oncolytic effect after 48 hours post infection while LOAd786 achieved 

highest oncolytic effect after 72 hours infection. The lowest cell viability was measured in T24 

bladder cancer cell line and the viability levels were very similar between two time points. All four 

transgene carrying viruses showed similar results with lowest cell viability in cells infected with 

LOAd703 and LOAd780. Mock virus showed some viability reduction with viability dropping to 

around 60%. LOAd(-) virus achieved higher oncolytic effect, but slightly lower compared to LOAd 

platform viruses armed with transgenes, thus showing that transgene insertion does not hinder 

oncolytic capabilities of LOAd platform viruses. 

 LOAd platform viruses also reduced viability in 526-mel cells. Both LOAd(-) and LOAd703 achieved 

similarly low cell viability after 48 and 72 hours. Overall the new viruses demonstrated high 

oncolytic capabilities with decrease of cancer cell survival to up to 97%. Overall, compared to 

LOAd703, the new virus constructs LOAd732, 780 and 786 achieved similar decrease in cancer cell 

Figure 3. Relative viability of cancer cell lines infected with LOAd viruses. Cells were infected with LOAd viruses (100 
MOI) and viability of infected cell was measured using MTS at 48 and 72 hours post infection. Bar graphs display the 
mean relative viability  from three repeated experiments. 
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viability. This indicates that insertion of additional transgene into LOAd virus backbone did not 

hamper the oncolytic effectiveness.  

 Viral replication 

 To confirm cell death by oncolysis, the viral replication was investigated in T24 cells using 

qPCR. T24 cells were infected with LOAd viruses and incubated for up to 72 h. All LOAd viruses were 

able to replicate in T24 cells with highest fold increase of viral DNA achieved by LOAd732 virus. As 

expected there was no viral replication in uninfected samples. Small increase of Mock virus DNA is 

probably due to contamination. All three new viruses showed high levels of viral replication with 

the highest increase of viral DNA observed at 48 and 72 hours post infection.  

 Transgene expression levels are cell line dependent 

 To investigate if virus infected cancer cell lines are able to express viral transgenes, A549, 

T24 and 526-mel were infected with LOAd platform viruses, incubated for 48 and 72 hours and 

stained for CD40L and 4-1BBL transgene protein expression on cell surface and analyzed by flow 

cytometry at both time points.  

The highest transgene expression of CD40L and 4-1BBL was observed in A549 cell line (Figure 5). As 

expected uninfected cells showed baseline expression of naturally produced molecules and cells 

infected with empty LOAd(-) virus had low increase in upregulation of target molecules. Uninfected 

cells were used as control together with antibody isotype control, which was used to reject 

possibility of unspecific antibody binding. In cells infected with LOAd(-) virus, a very small increase 

of CD40L and 4-1BBL was observed. LOAd703, 732, 780 and 786 are armed with CD40L and 4-1BBL 

transgenes. All of them achieved higher transgene expression in cells when compare to uninfected 

cells and empty LOAd(-) virus. Highest expression was measured after infection with LOAd732 virus, 

followed with slightly lower expression by LOAd780 virus. Compared to LOAd703 virus all new 

construct viruses performed better in expressing 4-1BB ligand and only LOAd786 virus had lower 

Figure 4. LOAd viruses are able to replicate in T24 cell line. Cells were infected 
with virus and incubated up to 3 days before cells were harvested and DNA was 
isolated. Viral DNA was analyzed using RT-qPCR. The graph shows the fold 
change of adenoviral DNA compared to 2h after virus infection.  
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expression of CD40 ligand. CD40L expression was slightly higher after 48 h compared to 72 h. 4-

1BBL was expressed in all cells infected with armed viruses, highest expression 48 h post infection 

was measured in cell infected with LOAd732 virus. Highest expression after 72 h was observed in 

cell groups with LOAd732 and LOAd80 infections.  

526-mel melanoma cells (Figure 6) showed a strong transgene expression, but a bit lower when 

compared to A549 cell line. Highest expression of CD40L was measured in cells infected with 

LOAd703 virus 48 h post infection. Newly constructed viruses generally showed lower expression of 

CD40L with LOAd732 achieving highest expression out of the three viruses. All three viruses had 

higher expression after 72 hours. Highest expression of 4-1BBL was measured 48 h post infection in 

cells infected with LOAd732 virus while LOAd780 achieved highest expression after 72 hours. 

Lowest expression of 4-1BBL was observed after infection with LOAd786. 

Reduced viral transgene expression was seen in T24 bladder cancer cells after infection with LOAd 

viruses (Figure 7). Overall low levels of CD40L expression were observed after 48 and 72 hours post 

infection, with little to no difference between the two time points. Highest transgene expression 

was measured in cells infected with LOAd703 virus at 72 hours. 4-1BBL was overall higher 

expressed than CD40L with slightly higher expression at 72h compared to 48h post infection. 

Highest expression was measured in cells infected with LOAd703 virus. Within the three new 

viruses, highest expression was measured after LOAd780 infection, followed by LOAd732 and 

LOAd786. 
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Figure 5. A549 cell line CD40L and 4-1BBL transgene expression. A549 cells were infected with LOAd platform viruses 
(black line), uninfected (dark gray doted line), isotype control (filled grey). After 48 and 72 hours cells were collected and 
analyzed with flow cytometry for expressed CD40L and 4-1BBL surface protein. Filled curve shows isotype control. (a) 
shows histogram overlays of CD40L expression of one examplatory experiment (b,c) Bar graphs show fluorescence 
intensity of CD40L and 4-1BBL expression as a geometrical mean, data has been averaged from three repeated 
experiments. (d) shows histogram overlays of 4-1BBL expression of one examplatory experiment.  
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Figure 6. 526-mel cell line CD40L and 4-1BBL transgene expression. (a) 526-mel cells were infected with LOAd platform 
viruses (black line), uninfected (dark gray dotted line), isotype control (filled grey) . After 48 and 72 h cells were 
collected and analyzed with flow cytometry for expressed CD40L surface protein. Filled curve shows isotype control. (b, 
c) Graph shows fluorescence intensity of CD40L and 4-1BBL expression as a geometrical mean, data has been averaged 
from three repeated experiments. (d) After 48 and 72 hours infected cells were collected and analyzed with flow 
cytometry for expressed 4-1BBL surface protein. Experiments were repeated three times with similar results. 



` 

23 
 

  

 

 

 

 

Figure 7. CD40L and 4-1BBL surface protein transgene expression in T24 bladder carcinoma cell line. (a) T24 cells were 
infected with LOAd platform viruses (black line), uninfected ( dark gray doted line), isotype control (filled grey). After 
48 and 72 hours cells were collected and analyzed with flow cytometry for expressed CD40L surface protein. Filled 
curve shows isotype control. (b,c) Graph shows fluorescence intensity of CD40L and 4-1BBL expression as a 
geometrical mean, data has been averaged from three repeated experiments. (d) After 48 and 72 hours infected cells 
were collected and analyzed with flow cytometry for expressed 4-1BBL surface protein. Experiments were repeated 
three times with similar results. 
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ELISA  

 Soluble transgene levels were investigated in cell culture supernatants by ELISA. Because of 

pending patent, the names of these compounds cannot be disclosed. Viral transgenes will be 

referred to as protein X, Y and Z. LOAd732 carries transgene X, LOAd780 transgene Y and LOAd786 

transgene Z.  

Transgene X levels where measured in cell culture supernatants and the results are shown in Figure 

8. Cells infected with LOAd732 virus demonstrates production of protein X in all three cancer cell 

lines. Highest protein X production was measured in 526-mel cell line with concentrations of up to 

78184 pg/ml. Results were above the standard as dilution factor of 1:10 was too low. Concentration 

of LOAd732 samples in 526-mel at 72 h was calculated from backup samples with dilution 1:100. 

Lowest production of immunostimulatory protein X was measured in A549 cells. Cytokine levels 

measured at 72h post infection were generally higher than at 48h. Samples of uninfected cells 

together with LOAd(-) and LOAd703 had unmeasurable or very low protein X concentrations. In 

uninfected cells, low expression of protein X was measured in T24 and 526-mel cells after 72 h 

incubation with highest concentration measured in 526-mel cells (up to 338 ng/ml).  

 

LOAd780 virus carries protein Y. In all three cell lines (Figure 9) expression of protein Y follows a 

similar trend. All cells had highest amount of Y in uninfected samples with slightly higher results 

after 72 h incubation compared with 48 h. After infection with LOAd viruses, all cell lines had lower 

amounts of immunomodulatory protein Y in the supernatants. The lowest levels were seen in cells 

infected with LOAd703 virus which was used as a control. Highest expression varied between the 

LOAd(-) and LOAd780 viruses depending on cell line. With LOAd(-) showing a higher expression in 

526-mel cell line, while the expression was highest in LOAd780 infected A549 and T24 cells.  

Figure 8. LOAd732 virus expression of transgene X in cancer cell lines. Cell lines were infected with LOAd732 virus, 
supernatants were collected after 48 h and 72 h diluted 1:10 and analyzed using sandwich ELISA. Concentrations 
of protein X in (a) A549, (b) T24 and (c) 526-mel (dilution 1:100) cell line supernatants are shown in pg/ml.  
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LOAd786 virus carrying immunomodulatory protein Z showed similar results to LOAd780 (Figure 

10). Highest expression of Z was also seen in uninfected cell supernatants. Highest expression was 

observed in T24 cell line, but the concentration was over the standard curve. Upon LOAd infection, 

levels of Z were reduced. However, LOAd786 infected cells showed an increased Z production in all 

investigated cell lines, but these levels were still below the levels in uninfected samples, except for 

T24 cell line as concentrations were higher that standard. 

 

  

Figure 10. LOAd786 virus expression of transgene Z in cancer cell lines. Cell lines were infected with 
LOAd786 virus, supernatants collected after 48, 72 h and analyzed using sandwich ELISA. Concentrations 
of soluble protein Z in (a) A549, (b) T24 (Uninfected and LOAd786 concentrations over measurable 
Standard) and (c) 526-mel cell line supernatants are shown in pg/ml.  

Figure 9. LOAd780 virus expression of transgene Y in cancer cell lines. Cell lines were infected with LOAd780 
virus, supernatants collected after 48, 72 h and analyzed using sandwich ELISA. Concentrations of protein Y in 
(a) A549, (b) T24 and (c) 526-mel cell line supernatants are shown in pg/ml.  
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CMV-specific T cell expansion with LOAd virus matured DCs 

 To evaluate immunostimulatory capabilities of LOAd platform viruses, donor blood was 

screened for CMV-specific T cells. Monocytes from positive donors were collected and cultured to 

induce immature DCs, which were then matured using different LOAd viruses. DCs were loaded 

with CMV-specific peptide, which then matured DCs would present to T cells and expand CMV-

specific T cells in a co-culture with autologous PBMCs. At first blood from six donors was 

investigated for CMV specific CD8+ T cells, PBMCs from positive donors were collected and CD14+ 

cells were isolated (Figure 11).  

 

 

CMV+ donors were determined by flow cytometry. In donor 5, 2.09% of all CD3+CD8+ cells were 

CMV+, whereas donor 6 had slightly lower levels with around 0.31% CMV+ CD3+CD8+ cells. PBMCs 

were collected from these donors and separated into CD14+ and CD14- populations using MACS. In 

the PBMCs of donor 5, around 11 % of cells were CD14+. After CD14 magnetic bead isolation, both 

fractions were checked for purity. The CD14- population was to 98.9% comprised of CD14- cells and 

the CD14+ population showed a purity of 99.9%. In donor 6, 12% of the PBMCs were CD14+ cells and 

after CD14 isolation, both CD14- and CD14+ populations were measured to have high purity over 

99%. Before maturation with LOAd viruses monocytes were stained for CD1a marker to evaluate 

the number of induced immature DCs. In the whole population there was 61,4% of immature DCs in 

donor 5 and 70,6% in donor 6. DCs were also checked for expression of maturation markers. 

Immature DCs from both donors had low increase in CD14 marker and DC maturation marker CD83. 

(Figure 12).  

Figure 11. CMV-positive donor screening and CD14+ population isolation. Buffy coats from donors were screened for 
CMV-specific CD3+CD8+ T cells by flow cytometry, PBMCs from CMV+ donors were isolated and separated into CD14+ 
and CD14- populations using MACS. (a) Gated CD3+CD8+ T cells population and percent of CMV-specific T cells in donor 5 
PBMCs. (b) Percentage of CD14+ cells in donor PBMCs and separated CD14+ and CD14- populations. (c) Gated T cells 
population and percent of CMV-specific T cells in donor PBMCs. (d) Percentage of CD14+ cells in donor PBMCs and 
separated CD14+ and CD14- populations.  

 

 



` 

27 
 

 

 

DCs matured using LOAd viruses were investigated for their functional capacity to induce CMV-

specific T cell expansion. They were cultured together with autologous CD14- cells for 11 days. 

Samples were analyzed for total number of CD3+CD8+ T cells, presence of CMV-specific T cells, and 

number of NK cells. Also, the expression levels of PD-1, CTLA-4, TIM-3 and CD107a markers on the T 

cell population were investigated.  

Results of the flow cytometry analysis of co-cultures from donor 5 and 6 is presented in Figure 13. 

There was a number of differences between the two donors. Highest number of CD3+CD8+ cell 

count was observed in positive control samples (43,2% and 29,8%) together with highest CMV-

specific T cell percentage (70,8% and 34%) in donor 5 and 6, respectively. Number of CD3+CD8+ 

cells in uninfected controls was higher in donor 5 with 34% compared to 17,4% in donor 6. Number 

of CMV-specific cells was also higher in donor 5 (33,1%) than donor 6 (5,41%). LOAd(-) virus were 

used as a control for armed viruses, they reached 32% and 21,6% CD3+CD8+ cells, percentage of 

CMV-specific T cells was 50,3% and 22,3% for donor 5 and 6, respectively. All armed viruses 

measured lower numbers of CD3+CD8+ and CMV-specific T cells. In donor 5 armed viruses 

measured higher numbers with CD3+CD8+ cells reaching 21,1% in cells matured with LOAd703, 

31,1% with LOAd732, 22,8% with LOAd780 and 33,1% with LOAd786. In these populations, the 

percentage of CMV-specific T cells were 22,1% in LOAd703 sample, 20,6% in LOAd732, 18,4% 

inLOAd780 and 37,7% in LOAd786 samples. Results from donor 6 had slightly different trends. The 

percentage of CD3+CD8+ cells was substantially lower, LOAd703 samples reached 5,97%, LOAd732 

had 9,47%, LOAd780 4,57% and LOAd786 reached 6,71% CD3+CD8+ cells from the whole gated 

population. Also the percentage of CMV-specific T cells was lower: LOAd703 7,39%, LOAd732 

4,17%, LOAd780 23,1% and LOAd786 32,2% of CD3+CD8+ population.  

Figure 12. Monocytes were differentiated into immature DCs using human GM-CSF and IL-4. Cells were analyzed for 
immature DCs marker CD1a and maturation markers CD86 and CD14 by flow cytometry. Percentage of immature DCs 
and expression levels of CD83 and CD14 in (a) donor 5 and (b) donor 6 samples.  
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Figure 13. Expansion of CD3+CD8+ T cells by LOAd-activated DCs. DCs were incubated with autologous CD14- cells 
for 11 days, cells were harvested and analyzed by flow cytometry for CD3+CD8+ T cell and CMV-specific T cells. 
Percentage of CD3+CD8+ T cells and CMV-specific T cells from (a, b) donor 5 (c, d) and donor 6, respectively. 
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As 4-1BBL is a known NK cell expander, the levels of expanded CD3-CD56+CD16+ NK cells were 

investigated (Figure 14). High levels of NK cell expansion were observed in all viruses except for 

Figure 14. DCs matured with LOAd virus promote expansion of NK cells. Matured DCs were incubated with 
autologous CD14- cells for 11 days, cells were harvested and analyzed by flow cytometry for NK maturation markers 
CD56+ and CD16+. Percentage of CD3-CD56+CD16+cells in (a) uninfected samples, (b) LOAd(-) infected, (c) positive 
control, (d) LOAd703 infected, (e) LOAd732 infected, (f) LOAd780 and (g) LOAd786 are shown.  
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control virus LOAd(-), with overall higher expansion in donor 6. All three controls, uninfected cells, 

LOAd(-) and positive control had low CD3- cell counts, also these populations had low CD3- NK cell 

numbers when compared to virus infected samples. The highest percent of NK population was 

measured in samples infected with LOAd780 virus in donor 5, it reached 76% of NK cells and 

LOAd703 in donor 6 with 93,4% NK cells in CD3- cell population. Overall higher number of expanded 

NK cells was measured in samples from donor 6. 

The expanded CMV-specific T cells were analyzed for their expression of exhaustion markers PD-1 

and Tim-3. Highest expression of PD-1 marker was seen in uninfected and positive control samples 

as all virus groups showed a reduced PD-1 expression. PD-1 expression was overall higher in donor 

6. In contrast to PD-1, Tim-3 expression in control samples was similar to virus infected viruses, 

except for LOAd(-) which had lowered expression. Interestingly, the LOAd703 sample in both 

donors displayed the highest Tim-3 expression. Out of three new viruses LOAd732 had highest TIM-

3 expression and was highest in donor 6 samples. T cells were also analyzed for their CTLA4 

expression, but as it was not expressed in any controls and infected samples from the donors, data 

is not shown. Next, the degranulation marker CD107a marker was analyzed, in donor 5 highest 

levels were measured in LOAd703 virus, followed by LOAd732, LOAd780 and LOAd786 samples. 

While in donor 6 samples highest expression of CD107a was measured in control samples. Also CD3- 

NK cells were checked for CD107a expression, both donors had similar expression with highest 

expression in three controls and LOAd703 virus sample. 

 

The number of expanded viable cells in the co-cultures was very different between the two donors 

(Figure 14). In donor 5 samples, cells were expanded the most in uninfected and positive control 

samples, while for donor 6 it was in the LOAd780 and LOAd732 samples. Total numbers of 

CD3+CD8+ cells were calculated using initial cell number after incubation and CD3+CD8+ gated 

Figure 15. LOAd activated DC promote expression of cell surface markers. DCs matured using LOAd virus were 
incubated together with autologous CD14- cells, expression of investigated markers was measured using flow 
cytometry. (a) Fluorescents intensity of exhaustion marker PD-1, (b) exhaustion marker TIM-3, (c) checkpoint inhibitor 
CTLA4, (d) and degranulation marker CD107a are shown.  
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population in flow cytometry (Figure 16), which showed percentage of CD3+CD8+ cell population 

within total number of cells. As expected highest population of CD3+CD8+ was measured in positive 

control followed by uninfected cells in donor 5 and LOAd732 in donor 6. All LOAd viruses expanded 

similar amounts of CD3+CD8+ cells with highest cell count from LOAd732. However, there is a slight 

difference when examining the percentage of CMV-specific T cells within all CD3+CD8+ T cells. 

Highest percentage of CMV-specific cells was measured again in positive control samples. But it is 

followed by LOAd(-), LOAd780 and LOAd786 viruses. Next, the number of expanded CD3-

CD56+CD16+ NK cells was calculated, LOAd viruses had much higher NK cell counts when compared 

to all three controls. Highest number of NK cells was measured in LOAd780 samples in both donors, 

with other three viruses showing similarly high results.  

 

  

Figure 16. LOAd activated DC expansion of T and NK-cells. (a) Total number of expanded viable cells, (b) total number of 
CD3+CD8+ cells, (c) total percentage of CMVpp65 CD3+CD8+ cells, (d) and total number of CD3-CD56+CD16+ NK cells. 
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Discussion  
 

Today cancer is the second leading death cause in the world and the number of people who 

develop this disease is increasing. Because of this trend there is a high need for new and better 

treatments. The last few decades brought us new types of cancer therapies, one particular 

approach that attracted much attention is cancer immunotherapy. This is a very broad approach 

which facilitates a number of different treatments targeting different mechanisms of the immune 

system and cancer biology. One of the first FDA approved immunotherapies was an antibody 

therapy against checkpoint blockade molecule CTLA4, which is a negative regulator of immune 

system inhibiting T cell activation and proliferation [54]. In 2015 FDA approved first-in-class 

oncolytical immunotherapy T-vec Imlygic for patients with recurrent melanoma. In this project we 

compared three new immunostimulatory LOAd viruses with the previously investigated LOAd703 

virus [50]. Different LOAd viruses were compared for their oncolytic capacity and expression of 

immunostimulatory molecules in different cancer models. LOAd viruses were armed with CD40L 

and 4-1BBL transgenes, except for LOAd(-) which carries no transgenes and is used as virus control. 

Also LOAd732, LOAd780 and LOAd786 viruses carry additional transgenes for immunomodulatory 

proteins X, Y and Z, respectively.  

First, we investigated the oncolytic capacity of newly produced viruses compared to already 

established LOAd703, control virus LOAd(-) and replication defective Mock virus. We observed that 

all viruses, including controls, were able to lyse all three cancer cell lines. Main differences in results 

were seen between the sensitivity of the three cell lines used. These cancer cell lines originate in 

different organs and there is a number of other possible reasons for observed differences between 

the cell lines, such as phosphorylation status of retinoblastoma protein, expression of surface 

markers influencing infection rates and cellular pathways that can be highly upregulated or 

downregulated [55]. A number of cellular differences might influence cell lines sensitivity to viral 

infections and cellular lysis (Figure 3.). T24 cell line sensitivity to viral infections has been reported 

in previous research, where TRAIL transgene carrying adenovirus was able to significantly reduce 

T24 cell growth [56]. Additionally, T24 expresses CD40 on its surface, it has been reported that 

CD40 – CD40L interaction can induce apoptosis in cells [57]. Also Mock virus showed lowered 

viability in all three cell lines, as it is unable to replicate on its own virus might still be able to induce 

cell cycle arrest as cells react to viral infection. Also MTS assay measures metabolic activity of the 

cells and not direct apoptosis, so cells with arrested cellular cycle and lowered metabolic system 

would have lowered viability. Overall we can conclude that new viruses demonstrated similar 

oncolytic capabilities when compared to LOAd703 and LOAd(-) viruses. Thus, insertion of an 

additional transgene had no negative effect to the oncolytic function. To confirm virus ability to 

replicate in cancer cell lines, increase in viral DNA over time was analyzed using RT-qPCR. All viruses 

were able to replicate in T24 cells. However, there was also a slight increase of viral DNA in Mock 

infected cells, which was most likely the result of contamination as Mock virus is normally only able 

to replicate in Hek293 cell line [47]. Also the drop of DNA change in LOAd(-) virus is most probably 

explained by technical error during experiment. 
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Infected cells were also analyzed for transgene expression. As expected cells transduced with 

armed LOAd virus had induced expression of CD40L and 4-1BBL, confirming that viruses were 

successful in delivering and translating carried transgenes. However, viruses were not as successful 

in T24 cell line where expression levels of both CD40L and 4-1BBL were a lot lower when compared 

to other cell lines. This might be because of very high oncolytic capacity of LOAd viruses in killing 

T24 cells as observed in cell viability experiment. Due to high viral replication cells might go into cell 

cycle arrest this way lowering the production of transgene proteins. Also as mentioned before T24 

cells express CD40 and interaction between CD40 and CD40L could mask detection antibodies 

binding site [57]. Viral transgene expression is dependent on infected cancer cell line, as 

investigation by flow cytometry showed large differences in expression of transgene cell surface 

proteins between the different cell lines.  

During transgene expression experiment supernatants from cancer cell cultures were collected and 

investigated for products of additional transgenes carried by LOAd732, LOAd780 and LOAd786 

viruses. Transgene X carried by LOAd732 virus showed high production levels of protein X. This 

might be expected as LOAd732 virus was shown to have very high levels of replication and 

expression of CD40L and 4-1BBL transgenes. The main issue encountered was the difficulty to judge 

the right dilution for the samples as this was never tried before with these particular viruses. 

Because of this, some results exceeded the measurable standard of the ELISA kits. Also, it was very 

surprising that the production of both protein Y and Z was higher in uninfected cells when 

compared to viruses. We can suspect that infection with virus lowers cells ability to produce protein 

Y and Z or virus infection downregulated normal host protein expression. After this we investigated 

if uninfected cells express any cell surface bound protein Y and Z that might be cleaved off to 

explain the high baseline levels in the cancer cell lines. No expression of protein Y or Z on cell 

surface was observed with flow cytometry. It might be that in these cancer cell lines, the proteins Y 

and Z are kept intracellularly in for example vesicles and released into supernatant. After infection 

with virus this mechanism might be inhibited or slowed, and this could be why we see a lot lower 

concentrations after infection. Nevertheless, virus carrying the particular transgenes were able to 

induce protein Y and Z expression. Further investigation is needed including intracellular staining by 

flow cytometry.  

We also investigated LOAd-activated DCs ability to expand autologous T cells. After analyzing 

samples by flow cytometry it could be seen that all samples had expanded CD3+CD8+ populations. 

Not surprisingly highest expansion was in positive control samples where DCs were activated using 

TNF-α and Poly IC. Surprising was that uninfected sample in donor 5 had higher percentage of 

expanded CD3+CD8+ cells when compared to virus groups. We would expect results from viruses to 

be somewhere in between control and positive control. This lower T cell number in virus samples 

might be explained by massive expansion of NK cells. Next, we looked into the number of CMV-

specific-T cells of CD3+CD8+ population. We noted that armed viruses had lower percentage of 

CMV-specific cells when compared to control virus in donor 5. In donor 6, DCs matured using 

LOAd786 virus were able to expand CMV-specific cell to similar percentage as positive control did. 

Overall donor 6 had lower percentage of CMV-specific cells, even though it had higher number of 
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CD3+CD8+ cells. This might be because of donor differences and these cells might be more difficult 

to expand in donor 6, also because of lower initial number of CMV+ T cells in donor 6 (0,31%) when 

compared to donor 5 (2,09%). But armed LOAd viruses were not only able to expand antigen 

specific-T cells, even if to a lower degree, but they also expanded a large amount of NK cells. This 

NK cell expansion is most probably induced by 4-1BBL that is known for being a strong stimulator of 

NK cell expansion [58], which is in agreement with results from previous research with LOAd703, 

where only 4-1BBL carrying LOAd virus was able to substantially increase NK cell proliferation [50]. 

The exhaustion marker PD-1 was increased on CMV-specific T cells in uninfected and positive 

control samples, but was reduced in all LOAd groups. PD-1 has a pivotal function of inhibiting T cell 

function through interaction with its ligands PD-L1 and PD-L2, low expression rates of these 

molecules enhances APCs ability to stimulate T cells [59]. However, the exhaustion marker TIM-3 

was upregulated in LOAd703 and LOAd732 samples. TIM-3 is expressed on CD4+ and CD8+ cells, 

these cells produce less cytokines and can be less proliferative when responding to antigens [60]. 

Thus, it should be explored if combination of TIM-3 blockade and LOAd703/LOAd732 virus could be 

beneficial. CD107a is a degranulation marker, upregulation of CD107a shows higher release of 

granules from NK and CTL cells indicating targeted exocytosis to kill targeted cells. CD107a was 

slightly upregulated in LOAd703 sample from donor 5. In previous research it was also shown that 

surface expression of CD107a reduces binding of perforin to cell surface and protects NK cells from 

degranulation-associated death [61].  

 

Considering all collected data we can conclude that LOAd732, LOAd780 and LOAd786 viruses are 

very comparable with LOAd703 virus as they behaved the same in the different cell lines. With 

additional transgene in LOAd backbone these viruses kept their oncolytic capacity and ability to 

express CD40L and 4-1BBL transgenes. Furthermore, they maintained their ability to facilitate DC 

maturation, and subsequent T cell and NK cell expansion, in donor 6 LOAd780 and LOAd786 were 

able to expand CMV-specific T cells to a similar degree as the positive control. LOAd732 virus was 

able to express transgene X successfully, while reasons for LOAd780 transgene Y and LOAd786 

transgene Z low production and underlying biological reason should be further investigated 

together with high expression of protein Y and Z in uninfected cells. Because LOAd platform viruses 

are functional even when carrying three transgenes in their genome, new viruses carrying 

transgenes coding for beneficial immunomodulatory molecules can be created and investigated in 

the future. 
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