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1 ABSTRACT 
 
The effects of cancer immunotherapy are based on activating and utilizing 
the immune system to fight cancer cells. In this thesis, a form of 
immunotherapy, specifically oncolytic adenoviruses, were studied. Promising 
results have been achieved in the clinic with oncolytic viruses. Therefore, this 
cancer modality should be further explored and developed. 
Immunotherapies are costly to produce and different oncolytic viruses are 
used in relatively high concentrations and amounts when cancer patients are 
treated. Thus, it is important to consider factors that affect the production 
and infection efficacy of the final product. In this study we wanted to 
optimize adenovirus vector design, enhance the delivery of adenoviruses to 
the tumor as well as define and show the immunological response to the 
adenovirus vector we have developed. This information can be used to 
enhance treatment outcome. It was shown, that if adenoviral vectors were 
constructed within 105% of original genome size, the physical and functional 
titers of the produced vectors were relatively stable. However, production 
was negatively affected if very large constructs (such as antibodies) were 
inserted into the virus genome. Similarly, more than five mutations in the 
genome also negatively affected the outcome. 
Adenoviruses are attractive vectors due to their good safety profile and high 
production concentrations (titers up to 1012-13 VP/ml). Additionally, the 
adenovirus genome and capsid size allows for insertion of several genes, thus 
providing several opportunities to modify the vector as desired.  
Due to the positive features of oncolytic adenoviruses, an oncolytic 
adenovirus was created specifically for treatment of solid tumors in 
combination with T cell therapy. This oncolytic adenovirus is called A5/3-
E2F-d24-hTNFa-IRES-hIL2 (aka. TILT-123). The virus has a chimeric fiber 
protein, thus increasing affinity to receptors that are often expressed on 
cancer cells (desmoglein 2), a E2F promotor, a 24 base pair deletion for 
cancer-cell specificity, and two cytokine-coding genes for immune 
stimulation and microenvironment modulation. Studies have shown that this 
virus is very effective in reduction of tumor burden and has a 100% cure rate 
in vivo when combined with T cell therapy.  
When oncolytic virotherapy was originally conceptualized and the first 
studies were conducted, it was believed that the lytic effect of the virus was 
driving the benefits for patients and tumor burden reduction. Later, it was 
shown that other signaling events, such as danger- and pathogen-associated 
molecular pattern signaling, also play important roles, maybe even more so 
than virus-induced lysis of cancer cells. Therefore, pattern recognition 
receptor(PRR) signaling during TILT-123 infection was studied. We showed 
that TILT-123 induces alarmin release through PRRs (such as AIM2) that 
trigger the activation of immunostimulating signaling cascades, leading to 
immune-cell activation and tumor clearance. The knowledge of which 
signaling cascades are activated during infection can be used to further 
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enhance effects of TILT-123 and be extended to enhance the efficacy of other 
virotherapeutics as well. 
Since adenoviruses are frequently the causative agent of the common cold, it 
is likely that most humans have encountered the virus and thus have immune 
memory towards it. Therefore, when adenovirus vectors are administered 
intravenously for treatment purposes, pre-existing immunity among other 
virus clearing reactions, leads to unwanted early clearance of the virions from 
the blood, before the vectors can reach their target. Consequently, methods 
to avoid early clearance were  studied in this thesis. Some previous studies 
indicated that viruses may be able use cells in the blood, such as erythrocytes 
and lymphocytes, to “hitchhike” and hide from immune clearance. 
Simultaneously, the benefits of T cells and TIL therapy to cancer patients 
have been proved. Combining these pieces of information, we hypothesized 
in this thesis that if a mixture of both TILT-123 and tumor infiltrating 
lymphocytes TILs are administered intravenously, we may achieve higher 
efficacy and eliminate the need for intratumoral injections. Intratumoral 
injections can be difficult to perform and require specialized personnel and 
equipment. Indeed, in our studies we observed that TILT-123 did bind to the 
surface of T cells. When injected intravenously together, this appeared to 
cause a positive tumor-clearing effect in vivo and showed that hard-to- 
performe intratumoral injections can be possibly avoided through utilization 
of carrier cells 
Even though better cancer treatment methods have been developed, 
unfortunately, some cancer types are still hard to treat. For example, ovarian 
cancers are often diagnosed at late stages when the tumor size and metastases 
may hinder effective treatment of the disease. Furthermore, the tumor 
microenvironment in ovarian cancers is often immunosuppressive. To solve 
these issues, the effects of TILT-123 on ovarian cancer was studied. It was 
shown that TILT-123 can be employed to treat ovarian cancer. TILT-123 
treatment modified the immunosuppressive microenvironment and enabled a 
more successful combinatorial treatment with T cell therapy. 

1.1 TIIVISTELMÄ (FINNISH ABSTRACT) 

Immunoterapioiden vaikutus perustuu immuunipuolustuksen aktivoimiseen 
ja valjastamiseen syövän vastaiseen taisteluun. Tässä väitöskirjassa on tutkittu 
immunoterapian yhtä muotoa, viroterapiaa, ja tarkemmin sanottuna 
onkolyyttisiä adenoviruksia. Adenoviruksia on valjastettu moneen käyttöön 
bio- ja lääketieteessä. Tästä syystä virusten tuottoa, kuten tuotetun virusten 
määrää, laatua ja infektiivisyyttä,  tutkittiin tässä työssä. Halusimme 
optimoida adenovirusvektoreiden tuottoa ja toimivuutta, edistää virusten 
pääsyä kasvaimiin, sekä tutkia immunologisia reaktioita kehittämäämme 
TILT-123 virukseen.  Tutkimuksessa huomattiin, että adenovirukselle tehdyt 
modifikaatiot vaikuttavat viruksen tuottoon ja tuotettujen virioneiden 
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infektiivisyyteen hyvin vähän. Aikaisemmat tutkimukset ovat osoittaneet, että 
viruksen muokkaukset eivät vaikuta viruspartikkelien tuotantoon tai 
infektiivisyyteen mikäli muokkauksen jälkeen genomin koko on edelleen noin 
viisi prosenttia alkuperäisestä koosta. Tutkimuksessamme todistimme, että 
tämä pitää paikkansa. Adenovirusten 5/3-kimeerisyyden todettiin laskevan 
tuotettujen viruspartikkelien määrää, muttei vaikuttavan merkittävästi 
tuotetuttujen virusten infektiivisyyteen. Tämän lisäksi tutkimuksessa ilmeni, 
että virustuotannon määrä ei muuttunut, mikäli immuunipuolustusta 
stimuloivia tai vasta-aineita koodaavia geenejä lisättiin adenoviruksen 
genomiin. Vaikka virustuotannon määrä ei muuttunut, yllä mainituilla 
geeneillä oli kuitenkin negatiivinen vaikutus tuotettujen viruspartikkelien 
infektiivisyyteen. 
Viroterapiasta on saatu eläinmalleissa ja kliinisissä kokeissa parempia 
vasteita, kun adenovirusten genomiin on lisätty immuunipuolustusvastetta 
muokkaavien molekyylien koodaavia geenejä. Esimerkiksi TILT-123 on 
muunneltu kimeerinen adenovirus (Ad5/3-E2F-d24-hTNFa-IRES-hIL2) joka 
koodaa kahta sytokiinia: TNFa ja IL2. Eläinmallissa huomattiin kyseisen 
TILT-123-viruksen yhdistettynä T-soluterapiaan parantaneen kaikki hoidetut 
eläimet. 
Kun onkolyyttisiä viruksia alettiin käyttämään syövän hoitoon, ajateltiin, että 
virusten aiheuttama syöpäsolujen lyysis olisi virusten tärkein ominaisuus 
syövän hoidossa. Myöhemmin kuitenkin huomattiin, että immunologisilla 
reaktioilla virusta vastaan on myös tärkeä rooli viroterapiassa. Soluilla on 
monta tapaa tunnistaa viruksia ja esimerkiksi pattern recognition receptors 
(PRR)-reseptorit ovat oleellisessa roolissa taistelussa infektioita vastaan. 
Näitä samoja reseptoreita, sekä reseptoreista aiheutuvia vasteita, voidaan 
käyttää viroterapiassa vahvistamaan syövänvastaisia immuunireaktioita. 
Tämän takia tutkittiin tässä työssä mitkä PRR signalointikaskadit aktivoituvat 
TILT-123 infektion aikana. Tällöin todistettiin, että TILT-123 aktivoi 
tutkitusta PRR-reseptoreista AIM2-reseptoria, muttei oletettua toll- like 
receptor 9 (TLR9). Tätä tietoa voidaan käyttää syöpähoidon tehostamista 
varten, ja tieto mahdollistaa paremman hoitovasteen luomisen. 
Viroterapiaa käytettäessä syöpähoitona virusta voidaan annostella eri tavoilla 
kuten kasvaimensisäisesti (i.t.) tai suonensisäisesti (i.v.). Potilaan kannalta i.v. 
annostelua pidetään i.t:tä mielekkäämpänä hoitotapana muun muassa helpon 
toteutettavuuden takia. I.v.- injektio myös edesauttaa virusten leviämistä 
tehokkaasti koko kehoon ja mahdollisiin metastaaseihin. Tutkimuksessamme 
huomattiin hoidon tehostuvan kun viroterapia annosteltiin i.v. injektiona 
yhdessä T-solujen kanssa. Todennäköisesti adenovirukset pystyivät 
kulkeutumaan T-solujen pinnalla tai solunsisäisesti välttäen vasta-
aineneutralisaatiota ja eliminaatiota esimerkiksi Kupffer-solujen myötä. 
Vaikka syövän hoitomuodot ovat kehittyneet huimasti, monet syövät ovat yhä 
vaikeasti hoidettavia. Esimerkiksi munasarjasyöpäpotilailla on monesti huono 
ennuste, koska syöpä huomataan usein myöhäisessä vaiheessa. Tuolloin 
kasvaimen mikroympäristö on kehittynyt immuunipuolustusta hiljentäväksi 
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ja kasvaimen koko ja levinneisyys vaikeuttavat hoitojen toimivuutta 
entisestään. Tutkimuksessa todettiin, että TILT-123-terapia muokkasi 
munasarjakasvainten mikroympäristöä ja mahdollisti T-soluterapian 
toimivuuden. 
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3 ABBREVIATIONS 
 
ACK  Ammonium-Chloride-Potassium 
ACT  Adoptive cell therapy 
Ad5  Adenovirus type 5 
Ad5/3  Adenovirus type 5 with type 3 fiber knob 
ANOVA  Analysis of variance 
APC Antigen presenting cell 
bp  Base pair 
CAR-T  Chimeric antigen receptor T cells 
CAR  Coxackie-adenovirus receptor 
CBA  Cytometric bead array 
CMV  Cytomegalovirus 
CTLA-4  Cytotoxic T-Lymphocyte Associated Protein 4 
DC Dendritic cell 
DMEM  Dulbecco’s Modified Eagle medium 
DMSO  Dimethyl sulfoxide 
ELISA  Enzyme-linked immunosorbent assay 
EMA European Medicine agency 
FBS  Fetal bovine serum 
FDA  Food and Drug Administration 
GM-CSF  Granulocyte-macrophage colony-stimulating factor 
HLA  Human leukocyte antigen 
hTERT  Human telomerase reverse transcriptase  
HSV Herpes simplex virus 
IDO  Indoleamine 2,3 -dioxygenase 
IFN  Interferon 
IL  Interleukin 
IRES  Internal ribosome entry site 
MDSC  Myeloid-derived suppressor cell 
MTS  3-(4,5-dimethylthiazol-2-yl)-5- 
                  (3- carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H- 
                   tetrazolium, inner salt 
NK  Natural killer 
OVA  Chicken ovalbumin 
PBMC Periferal blood monuclear cell 
PBS  Phosphate-buffered saline 
PCR  Polymerase chain reaction 
PD-1  Programmed death 1 
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qPCR  Quantitative polymerase chain reaction 
PRR Pattern recognition receptor 
Rb  Retinoblastoma 
RPMI  Roswell Park Memorial Institute medium 
T-VEC  Talimogene laherparepvec 
TCR  Tcell receptor 
TDO  Tryptophan-2,3-dioxygenase 2 
TGFβ  Transforming growth factor beta 
TIL  Tumor infiltrating lymphocyte 
TNF-α   Tumor necrosis factor alpha 
TNFR  Tumor necrosis factor receptor 
Treg  Regulatory T cell 
VEGF  Vascular endothelial growth factor 
VP  Viral particles 
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4 INTRODUCTION 
 
Science has, since the beginning of time, been interested in finding ways to 
help cancer patients. Already in the times of the pharaohs in Egypt, Egyptian 
physicians noted the power of immunotherapy. Even if they did not have the 
right terms, there are records describing infections that seemed to cause 
regression of tumor growth (Kucerova and Cervinkova, 2016). Hence, this 
can be seen as the first recorded observations of immune-mediated reactions 
towards tumors.  Since then, humanity has learned more about cancer and 
the immune system and subsequently developed more effective treatment 
methods. As historical data pointed to a connection between infection and 
tumor regression, one of the more recent treatment approaches has focused 
on viruses as cancer therapeutics. Virions could activate the immune system 
while simultaneously lysing cancer cells. Initially, low doses of wild-type 
viruses were tested as the first generation of virotherapy. However, the 
nonspecificity of infection and the inevitable symptoms caused by the viruses 
discouraged this approach, until new laboratory tools (such as gene-
modification methods) were developed. This allowed scientists to modify the 
effect and outcome of the infection. By modifying wild-type viruses, scientists 
could then create safer and more cancer cell specific viruses, add immune-
stimulating genes, or employ tumor extracellular matrix destroying or lysis-
enhancing strategies (Heiniö et al., 2019;Hemminki, Santos and Hemminki, 
2020). As more promising clinical results were observed as more viruses for 
cancer virotherapy were created, some oncolytic viruses were approved for 
clinical use. The first oncolytic virus approved for use in Europe and US is a 
modified Herpes simplex virus (HSV) called Talimogene laherparepvec (T-
VEC). Another, somewhat controversial, oncolytic virus (Rigvir) was used in 
Latvia; however, marketing rights were suspended in 2019. In Asia, oncolytic 
viruses such as H101 and delytact have been approved for use in China and 
Japan, respectively. However, even if the results for the approved oncolytic 
viruses were convincing, the viruses created to date are not a 100 % curative 
and thus new modalities are needed.  
 
To further boost the lytic and immunostimulating effects of virotherapeutics, 
combinations with for example chemotherapeutics, radiation, immune-
checkpoint inhibitors, and adoptive cell therapies have been considered. 
Although emerging data show that combinatorial treatments may be a 
promising approach to boost the efficacy of these modalities, the biological 
mechanisms behind these treatments should be further understood to 
achieve their full potential. In this thesis, we studied the mechanisms of 
action of oncolytic adenoviruses to gain insight in how virotherapeutics react 
to and affect the complex disease that is cancer. These insights may inform 
the development of improved cancer therapeutics. 
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5 LITERATURE REVIEW  
 
There are approximately 10 million cancer-related deaths annually 
worldwide (Ferlay et al., 2021). This statistic indicates just how much still 
needs to be done in the field of cancer to improve outcomes. Mattiuzzi and 
Lippi estimated the lifetime risk of developing cancer to be 20% for those 
aged 0-74 years, with women having a slightly lower risk. The risk varies 
depending on the sources and which countries are included. For example, 
cancer research UK estimated  the risk to be higher and stated that 
approximately 1 in 2 men and 1 in 3 women will develop cancer in their 
lifetime for persons born after 1960s (UK, Accessed 3/2022).  
Of all cancer types, lung, breast, colorectum, stomach, and liver are the 
deadliest cancer types in the population overall. For women, breast, 
colorectum, lung, and cervix uteri cancers are the most common types; lung, 
prostate, colorectum, and stomach cancers are the most common types for 
men (WHO, 2022).   

5.1 TREATMENT OPTIONS FOR CANCER PATIENTS 

5.1.1 CLASSICAL TREATMENT OPTIONS 
The most common treatment modalities for cancer are surgery, 
chemotherapy, and radiotherapy. In Finland, a combination of several 
different treatments are often personalized for each patient and consider 
patient age, relevant medical history, tumor type, location, and stage (THL, 
2022).  
Surgery is one of the earliest forms of cancer treatment. Surgery is a first-line  
treatment option in most countries as it is relatively reliable, safe, and 
affordable. Cancer surgery methods have developed from dangerous and 
radical removal of tissue, with little regard to patient safety and welfare and 
often without any analgesia, anesthesia, or knowledge of aseptic surgery 
techniques, to highly specialized surgery performed with minimal damage to 
surrounding tissues (Wyld, Audisio and Poston, 2015). Radical removal of 
tissues was based on the notion that the patients that did indeed survive the 
surgery generally had a better prognosis if larger tissue sections were 
removed, plausibly due to complete removal of the tumor and possible 
metastases. However, excess tissue removal sometimes resulted in 
permanent disabilities in the patient. Now, modern tumor examinations, 
such as pre- and post-operation histological examination and deeper 
knowledge of cancer types, provide surgeons with detailed information and 
assist in surgery planning and outcome assessment  (Ceelen et al., 
2007;Wyld, Audisio and Poston, 2015). Debulking surgeries are also gaining 
attention, with positive outcomes reported in several cancer types, such as 
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renal cell carcinoma and ovarian, colorectal, and breast cancer (Hishida et 
al., 2021).  
 
Other common treatment methods include radiotherapy, and chemotherapy. 
Chemotherapeutics are medicines that stop cell growth and therefore may 
have severe side effects, as they affect all (replicating) cell types. There are 
several different chemotherapy types, such as alkylating agents, nitrosoureas, 
anti-metabolites, and anti- tumor antibiotics. These agents induce DNA 
damage (by forming damaging covalent bonds in DNA), inhibit DNA 
synthesis, or stop DNA repair mechanisms (Corrie, 2008;Malhotra and 
Perry, 2003). Chemotherapeutics are often preferred treatment options as 
they can be used as a single-agent therapy, as adjuvant therapies, or in 
combination with other therapies. For example, chemotherapy can be used to 
pretreat patients to minimize tumor mass to achieve a more accessible and 
resectable tumor for surgery. They are highly effective drugs that reach 
tumors that are difficult to operate on in addition to still undetectable 
micrometastases. However, patients developing a resistance to the drugs are 
a reoccurent problem (DeVita and Chu, 2008;Knezevic and Clarke, 2020).  
 
Radiotherapy is another common cancer treatment modality and can also be 
used as a single-agent therapy, as an adjuvant, or in combination with other 
therapies. Local radiotherapy generally causes fewer systemic side effects 
than chemotherapy, although systemic immunological reactions after 
radiotherapy have been reported (Sia, Neeson and Haynes, 2022). 
Radiotherapy is used in the treatment of many types of cancers and as a 
complementary therapy to prevent recurrence (for example, irradiation of 
the surgical cavity after tumor excision). It is also routinely used in palliative 
treatment to reduce symptoms and increase quality of life of patients with 
advanced cancers. Although there is always some collateral damage to nearby 
tissues, radiotherapy is relatively specific and has a high success rate in some 
cancer types. However, as it only targets the area it is directed to, distant 
micrometastases and circulating cancer cells are not killed (Gerber and Chan, 
2008).  
 
Sometimes patients are pre-treated non-curatively before surgery. This is 
called neoadjuvant therapy and can be done by utilizing for example 
chemotherapy or radiotherapy to increase operability (Imyanitov and Yanus, 
2018). These are also two commonly used mono-, dual-, or triple-therapy 
modalities. Since these classical modalities are not always curative, especially 
for metastatic, non-local disease, new curative cancer treatments are being 
developed. Subsequently, in 2018 a Nobel prize for immunotherapeutic 
advances was awarded and major advances in the field were made.  
 
Once it became known that activation of the immune system can reduce 
tumor burden, different microbes or microbe extracts have been tested 
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experimentally. One of the most famous experiments was designed and 
executed by Coley. In these experiments, Coley developed different potions of 
Serratia and Streptococcus species that he called Coley’s toxins to treat 
cancer (Kucerova and Cervinkova, 2016). The results were inconclusive but 
laid the foundation for immunotherapy and showed the potential of the 
immune system. Later, immunotherapy has made large leaps forward and is 
currently an intensively studied field. Immunotherapy can be described as a 
way of activating and/or using the immune system, or components of it, for 
disease control (Becht et al., 2016). 
Cancer immunotherapy can be passive or active. In passive immunotherapy, 
an immunotherapeutic agent (such as an antibody or cytokine) is 
administered that as such can compensate for or enhance the patient’s own 
immune reactions. In contrast, active cancer immunotherapy attempts to 
train the immune system against cancer. For example, this can be achieved 
by administering a cancer vaccine or virotherapy. Thus, the active methods 
target more the effector component of the immune system (Bechtet al., 
2016;Galli et al., 2020;Papaioannou et al., 2016). 

5.1.2 ACTIVATING THE IMMUNE SYSTEM TOWARDS CANCER 
-THE ADAPTIVE AND INNATE IMMUNE SYSTEM  

 
The immune system can be divided into the innate- and adaptive immune 
system. The latter is also known as the acquired immune system. 
The innate immune system is built from various cell types, typically of myeloid 
lineage, such as monocytes, DCs, macrophages, mast cells, 
polymorphonuclear cells, and innate lymphoid cells, such as NK cells. But the 
complement system and passive barriers such as the skin are also considered 
to be a part of the innate immune system.  
In contrast to the adaptive immune system, the innate immunity does not form 
an immunological memory. These cells of the innate immunity detect mostly 
conserved molecules that are usually absent in humans and present on 
pathogens. After antigen recognition, the innate immune system usually tries 
to eliminate the pathogen through phagocytosis. Alternatively, the recognized 
antigen can cause the release of cytokines and chemokines which attract or 
activate cells from the adaptive immune system (Liu and Zeng, 2012). 
The adaptive immune system consists of lymphocytes: T- and B cells. The 
adaptive immune response is specific to the antigen presented. The adaptive 
system can recognize a broad range of antigens specifically, due to VDJ 
recombination. 
The innate and adaptive immune system works together. A part of the innate 
immune system functions as professional antigen presenters (APC). After they 
have processed a possible danger, such as a pathogen, they present the antigen 
to the adaptive immune system on the cell surface on their major 
histocompability complex. This complex is then recognized by T cell’s T cell 
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receptors (TCRs). T cells become activated if they also receive a costimulatory 
signal. Usually this costimulatory signal is achieved through T cell expressed 
CD28 interaction with CD80 (B7.1) and CD86 (B7.2) on the membrane of an 
APC. Another well known costimulatory receptor expressed by T cells is called 
Inducible T cell Costimulator or CD278  (Anderson, Stromnes and Greenberg, 
2017;Waldman, Fritz and Lenardo, 2020). 
In development of new cancer modalities, this knowledge of immune cells and 
their activation have been harnessed to achieve better results. For example in 
adoptive cell therapies.  

5.1.3  ADOPTIVE CELL THERAPY 
 
Adoptive cell therapy (ACT) is a form of immunotherapy that can generally 
be classified into three different types, namely tumor-infiltrating 
lymphocytes (TIL), ACT using T-cell receptor (TCR) modified T cells, and 
ACT with chimeric antigen receptor (CAR) modified T cells. Additionally, 
therapies with other cell types, such as dendritic cells and natural killer cells, 
have also been explored (Rosenberg and Restifo, 2015). To date, several 
different ACT types have advanced to clinical trials and some have also been 
approved by the Food and Drug Administration (FDA). At the time of this 
writing, 128 clinical trials (labeled as “active” or “active, not recruiting”) were 
reported in clinicaltrials.gov (July 2021) when “adoptive cell therapy” was 
used as a search term. This suggests that there is considerable promise in this 
type of treatment. However, further research is needed before ACT strategies 
can achieve their full potential. This is particularly the case for solid tumors. 
Future research areas include development and identification of effective, 
(sufficiently) specific target antigens, optimization of TCR selection, human 
leukocyte antigen (HLA) restriction, T-cell persistence, repression of the 
tumor microenvironment, and improving T-cell infiltration into solid tumors 
(Manfredi et al., 2020). 

5.1.4 TILS, TCR-MODIFIED T CELLS, AND CAR-T 
 
The first version of ACT was developed by Rosenberg and colleagues in late 
198o’s. They hypothesized that administration of T cells could eliminate the 
tumor. Hence, they did a series of studies, where T cells cultured from 
murine tumors, were administered to tumor-bearing mice. These studies 
showed promising results for tumor growth control. This protocol has 
subsequently been adapted for humans, modernized, and optimized 
(Rosenberg and Restifo, 2015;Spiess, Yang and Rosenberg, 1987). Now, TILs 
are harvested, cultured and expanded in the presence of T cell proliferation 
and differentiation stimulating cytokine: IL-2. Then they are re-administered 
to patients who often have already received a lymphodepleting regimen 
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(Dudley et al., 2002;Morgan et al., 2006). However, as lymphodepleting 
treatments can cause severe adverse events and leaves patients vulnerable to 
infections, TILs are not always an optimal treatment (Zacharakis et al., 
2022). Additionally, some argue that the removal of lymphocytes is 
counterproductive. Hence, the need of lymphodepletion has been 
questioned, and even some evidence against it has been produced (Santos et 
al., 2018).  
Despite of some difficulties faced by the field, adoptive TIL therapy has 
shown good response rates. For example, an objective response rate of 50% 
was observed in ACT-treated melanoma patients (Besser et al., 2010). 
Additionally, an objective response rate (ORR) of 50% was observed when 
autologous mutation-specific TILs to breast-cancer metastasis were 
administered to six patients in combination with pembrolizumab 
(Zacharakiset al., 2022). An ORR of 44% was observed when cervical 
carcinoma patients were treated with autologous TILs (Jazaeri et al., 2019) . 
Collectively, these results indicate that TIL therapy may be efficacious in 
several different cancer types. 
 
As TILs are not always abundant in the tumor or the tumor is not accessible, 
other ACT strategies have been developed. Two well studied alternative 
methods have been developed: adoptive therapy with TCR-modified T cells 
or CAR T cells. Here, specialized T cells are engineered from peripheral-
blood T cells. In TCR-modified T cells, T cells are isolated from the blood of 
the patient and genetically modified (often by lentiviral transduction) in vitro 
to express TCRs that target specific tumor antigens (Manfrediet al., 
2020;Zhao and Cao, 2019). This approach allows for generation of  T cells 
that are specifically active against the patient’s tumor antigens. TCR adoptive 
cell therapy has shown some promise in clinical trials. For example, when 
melanoma patients were treated with TCR ACT targeted against MART-1 
antigen (an antigen present in approximately 80-90% of melanoma 
patients), objective partial tumor responses were observed in 2/17 treated 
patients (13 %) with progressive melanoma, although some on-target off-
tumor autoimmune responses occurred (Morganet al., 2006). In another 
trial, objective clinical response for NY-ESO-1+ patients with synovial cell 
sarcomas was 61% (11/18 patients) and 55% (11/20) for NY-ESO-1+ 
melanoma patients. These results indicate the TCR therapy may be effective 
for selected patients (Robbins et al., 2015).   
  
Unfortunately, TILS and TCR therapies require the T cells to react to the 
antigens presented by MHC complexes. As many cancers downregulate MHC 
presentation to avoid immune recognition, such treatment approaches would 
be ineffective (Zhao and Cao, 2019).  
Therefore, a third type of ACT has been developed, called CAR T cells. CAR T 
cells bear artificial receptors that have an internal activation module that 
circumvents the need of MHC stimulation of T cells. Impressive results with 
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CAR T cells in treatment for hematological malignances (such as CD19-
specific CAR T cells) have been observed (Locke et al., 2019) and thus CAR-T 
therapies have been approved for clinical use. This led to exploration of CAR-
T treatments for patients with solid tumors, which have not yet gained 
approval for use. In a retrospective study pooling results encompassing 372 
patients treated with different CAR T cells, only 52 responded to treatment. 
Some hurdles that CAR T therapy have to overcome for treatment of solid 
tumors is the lack of suitable target epitopes and prevention of adverse 
events due to on-target off-tumor toxicity (Schaft, 2020;Zhao and Cao, 
2019).  

5.1.5 VIRUSES FOR TREATMENT OF CANCER 
 
When the inherent cancer tropism and (cancer) cell-killing lytic action were 
described for some viruses, cancer scientists hypothesized that these viruses 
could be used to destroy cancer cells. Later, when gene technologies evolved 
to current standards, the genomes of viruses could be modified to only infect 
cancer cells and genes that further stimulate the immune system against the 
cancer, induce infiltration, and enhance infection in the tumor 
microenvironment could be inserted (Zhang and Rabkin, 2021). In pre-
clinical settings, many viruses have been investigated or modified for cancer 
therapies. In 2020, Macedo et al estimated that adenovirus is the most 
studied oncolytic virus in clinical trials (Macedo et al., 2020). Other viruses 
that have been investigated for oncolytic applications include (but are not 
limited to) HSV, Reovirus, New Castle Disease virus, and Vaccinia virus.  
Vaccinia viruses are relatively large (approximately 270 x 350 nm), 
enveloped, brick-shaped linear dsDNA viruses with an approximately 190 
kbp genome. A genetically modified Vaccinia virus, Pexastimogene 
devacirepvec (Pexa-Vec), has been studied in clinical trials. This virus was 
designed for solid tumors and contains a GM-CSF encoding gene (Breitbach 
et al., 2011). Clinical trials for treatment of solid tumors with Pexa-Vec or 
Pexa-Vec in combinatorial treatments are ongoing. Pexa-Vec gained orphan 
drug status from both the EMA and FDA for hepatocellular carcinoma. 
However, no significant difference between standard treatment and Pexa-Vec 
was observed in a clinical trial for advanced hepatocellular carcinoma 
(Moehler et al., 2019).  
OncolyticsBiotech’s Reovirus, Reovirus type 3 Dearing (RT3D) is a naturally 
occurring, nonpathogenic, double-stranded RNA virus. It was originally 
isolated from the respiratory and gastrointestinal tracts of human patients 
(Rosen, Evans and Spickard, 1963). Almost all humans have experienced a 
Reovirus infection, with close to 100% seropositivity in the adult population. 
Although RT3D has shown promising results in preclinical studies, responses 
to RT3D monotherapy in clinical settings were modest. A clinical study 
examined the effect of dose escalation intravenously and then established the 
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efficacy of RTR3D in heavily pretreated patients. The treatment was well 
tolerated, with no serious toxicities. When treated with at least two cycles of 
RT3D (raging from TCID50 3x109 to 3x 1010, 2 to 8 treatment cycles), 3.8% 
of patients had a complete response, 23.1% had a partial response,  7.6% had 
major clinical responses, 34.6% had stable disease, and 30.8% had disease 
progression (Karapanagiotou et al., 2012). 
The only FDA-approved virus for cancer treatment is a Herpes simplex virus 
(HSV-1) called Talimogen Laheprarepvec (T-VEC). HSV-1 is a relatively 
large, icosahedral, double-stranded, enveloped, linear DNA virus. To create 
T-VEC, HSV-1 was modified by removing both copies of the ICP34.5 genes to 
prevent replication in healthy cells, and in its place a gene encoding 
granulocyte-macrophage colony-stimulating factor (GM-CSF) was inserted 
for immune cell stimulation. Additionally, the ICP47 gene was removed due 
to its immune evasive effect (Harrington et al., 2015;Rehman et al., 2016). In 
an open-label phase III trial, T-VEC was compared with GM-CSF in patients 
with unresected stage IIIB to IV melanoma. Four-hundred thirty-six patients 
were followed. The durable response rate was significantly higher with T-
VEC (16.3%) than with GM-CSF (2.1%). Median overall survival was higher 
with T-VEC (23.3 months) than with GM-CSF (18.9 months) (Andtbacka et 
al., 2015). 

5.1.6 ADENOVIRUSES 
 
Wild-type adenoviruses belong to the human Adenoviridae family and are 
divided into several serotypes. There are currently more than 50 recorded 
human adenovirus serotypes (Lynch and Kajon, 2016). These serotypes are 
grouped into seven species groups (A to G). Serotypes are determined by 
neutralization assays, while species are grouped by erythrocyte agglutination 
(hemagglutination properties), oncogenicity in rodents, DNA homology, and 
genome organization (Dhingra et al., 2019).  
 Adenoviruses are icosahedral non-enveloped viruses with a linear double-
stranded DNA genome. They are approximately 90-100 nm in diameter and 
can contain approximately 36 kilodaltons of DNA. Adenoviruses can cause 
common cold like symptoms, conjunctivitis, and gastroenteritis. A role for 
adenovirus infections even in obesity has been proposed (Ponterio and 
Gnessi, 2015). However, in laboratory and clinical settings, adenoviruses are 
one of the most widely used vectors for gene transfer. As symptoms of 
infection with wild-type virus are relatively mild (Lynch and Kajon, 2016), 
and adenovirus vectors have rarely caused severe adverse events in 
numerous clinical trials, adenoviruses are considered to be a relatively safe 
platform for use in humans (Buijs et al., 2015;Lang et al., 2018;Ranki et al., 
2016). The adenovirus is extensively studied, quite flexible in terms of 
genome modification, replicates to relatively high titers in both academic and 
commercial laboratory settings, rarely integrates into host genomes, and is a 
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stable construct (Heiniöet al., 2019). Thus, adenoviruses are considered an 
appealing vector. Adenovirus virions are stable constructs until the genome 
size of modified virions grew up to  approximately 105% of the original size 
(Kennedy and Parks, 2009). Additionally, in our comparative study, we 
showed that of approximately 50 virus constructs designed in CGTG 
laboratory, most modifications did not significantly affect the production and 
infectivity of adenovirus constructs, thus demonstrating the feasibility of 
generating modified adenoviruses for research and clinical settings (Heiniöet 
al., 2019). 
 
Among many the viruses studied and designed for cancer therapy, modified 
oncolytic adenoviruses (OAd) are among the most promising anti-cancer 
agents (Cervera-Carrascon et al., 2020a). OAds have strong anti-tumor 
abilities and replicate effectively intratumorally. Additionally, the 
immunological responses towards the virus and the effects mediated by 
cytokines inserted into the virus lead to favorable immune-activating effects 
through positive modifications of the often immunesuppressive tumor 
microenvironment (Cervera-Carrascon et al., 2020b;Havunen et al., 
2017;Heiniö et al., 2020). However, adenoviruses as cancer therapies have 
limitations. The infectivity of serotypes that use Coxsackie adenovirus 
receptor (CAR) (for example Ad5) may be low in several cancers, as the 
expression of this main receptor is often downregulated in many cancer 
types. Although toxicity and shedding of virus products are of concern, these 
have not been observed in the clinic. Additionally, pre-existing neutralizing 
antibodies in the patient may neutralize and eliminate the virus before it has 
an effect. There is also some evidence of unstable transgene expression. 
However, anti-viral immunity may also contribute to antitumor immunity 
(Buijset al., 2015;Kanerva et al., 2013;Lemos de Matos, Franco and 
McFadden, 2020). 
 
To address these issues, attempts have been made to make the vectors more 
infective. For example, proteins have been inserted into the highly variable 
regions of the hexon protein and the AB loop or HI loop of virion fibers to 
retarget the virion to use a new host-cell receptor for attachment by 
modification of the knob protein (Coughlan et al., 2010).  
An alternative approach involved comparing different adenovirus species 
receptors and determining their transducing efficiency of breast-cancer cells. 
Ad3, Ad35, Ad37, and Ad52 were identified as potential candidates for 
treatment of breast cancer, partially because they use alternative (not CAR) 
receptors for attachment and subsequent infection (Mach et al., 2020).  
 
It is not enough to have a virus that multiplies to high titers and exhibits 
efficient host-cell infection; the vector must replicate specifically in cancer 
cells to avoid severe adverse events. There are two main types of conditionally 
replicative adenoviruses, specifically mutation-based and adenoviruses that 
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depend on cancer specific promoters (Jounaidi, Doloff and Waxman, 2007). 
The adenovirus genome consists of early (E1-4) and late (L1-5) transcription 
units. Mutations or deletions in the E1 region are used to create replication 
deficiency and E1 mutants replicate only in retinoblastoma compensating 
cancers (Sauthoff et al., 2004).  In a non-replicating cell, the retinoblastoma 
protein (pRB) is a negative regulator of the E2F transcription factor family. 
E2F is needed for cell cycle progression and thus when pRB and E2F interact 
it hinders cell cycle  progression. This pathway is often genetically disrupted 
in tumour cells. The E1A region of the adenoviral genome also interacts with 
pRB and this results in release of E2F and enables viral replication and cell 
cycle continuation(Mantwill et al., 2021). In TILT-123, a deletion of 24 base 
pairs in the adenovirus E1A prevents the binding of E1A to pRB (Havunen et 
al., 2017). Therefore, in healthy cells, TILT-123 can’t replicate due to ongoing 
E2F and pRB interaction and cell cycle halt. However, in tumor cells with 
mutated or dysregulated pRB, E2F is no longer negatively regulated by pRB 
and it can activate viral gene transcription and thus cell replication. 
Unfortunately, of E1 also stabilizes p53. P53 is a tumor suppressor protein. 
The stabilization of p53 leads to apoptosis and is unfavorable for viral 
replication. To prevent this, E1B55K proteins form a complex with p53, 
causing its degradation through ubiquitin mediated proteolysis. E1B19K 
additionally prevents E1A-induced apoptosis by interfering with the actions of 
the pro-apoptotic proteins Bak and Bax. It has been reported that oncolytic 
adenoviruses with E1B19K, as well as E1B55K-deleted viruses, replicated 
efficiently in a variety of tumor cell lines independent of their p53 status. 
E1B19K deletion, however, has been indicated to generate more rapid viral 
release from apoptotic cells, resulting in enhancement to viral delivery across 
tumor tissues.  (Mantwillet al., 2021). Therefore, these deletions have also 
been introduced to TILT-123s genome 
 
The second approach to promote viral replication is focused on promoters that 
induce replication specificity in cancer cells. Such promoters include 
MUC1/DF3, the prostate-specific antigen promoter, the α-fetoprotein 
promoter, the human telomerase reverse transcriptase promoter, and the E2F 
promoter (Jounaidi, Doloff and Waxman, 2007).  
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Figure 1. Antitumor mechanisms mediated by virotherapy. The virus infects 
tumor cells. This leads to the release and expression of danger- and pathogen 
associated molecular patterns (DAMP and PAMP) and cytokines, which alert the 
immune system towards cancer. When new progeny virions exit the tumor cells, 
they are lysed and the infection spreads to the neighboring cells.  

5.1.7 ONCOLYTIC TILT-123 VIRUS 
 
The virus used in these studies is a modified adenovirus called Ad5/3-E2F-
d24-hTNFa-IRES-hIL2 (or TILT-123) (Figure 2). Tähtinen et al. provided the 
rationale behind this virus construct. In their study, a panel of cytokines 
relevant for cancer therapy and their combinatorial effects on the adoptive 
immune system (with a focus on T cells) was studied (Tähtinen et al., 2015). 
They showed that IL-2 and TNF-α  combined had the greatest immune-
activating and tumor-destroying effect. Based on these results, Havunen and 
Siurala et al. further developed the virus (Havunenet al., 2017;Siurala et al., 
2016a). To avoid inefficient transduction due to inaccessible or low 
expression of the Ad5 serotype receptor CAR on cancer cells, the adenovirus 
knob was exchanged from 5 to a serotype 3 knob, with desmoglein 2 
adhesiveness (Wang et al., 2011). E2F functions as a cancer-specific (cell 
cycle) promoter. Furthermore, a 24 base pair deletion was made to the E1 
region for cancer-cell specificity (explained above). This virus kills several 
cancer cell types efficiently, is highly specific, and causes minimal adverse 
effects in animal models (Havunen et al., 2021;Yamamoto et al., 2017). In a 
Syrian hamster model, TILT-123 cured 80% of all tumors as a single-agent 
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therapy; in combination with TILs TILT-123 showed a 100% cure rate 
(Havunenet al., 2017). Thus, with these encouraging results, clinical trials 
with TILT-123 have begun (NCT04217473 and NCT04695327). 

 
Figure 2. Schematic visualization of of TILT-123. 

5.1.8 CYTOKINES IN CANCER THERAPIES 
 
Cytokines are proteins that function as signaling agents between cells and 
tissues. As cytokines can promote immune reactions and immune cell 
maturation and mediate other functions as chemokines, cytokines have been 
used as a cancer therapy. Interleukins (IL) are a type of cytokine. As ILs do not 
share high sequence similarity, they have been divided into four groups based 
on distinguishing structural features (Brocker et al., 2010).  
Cytokines play major roles as regulators of innate and adaptive immunity, 
ensuring that cells signal and react accordingly to local conditions. Clinical 
trials with IL- 2, GM-CSF, Interferon (IFN)γ, IL-7, IL-12, and IL-21 are active 
or have been completed. Cytokines as monotherapy often exhibit promising 
efficacy in preclinical experiments. However, cytokine concentration needed 
in the tumor often lead to dose-limiting off- tumor effects systematically. 
Although this could be managed with lower and appropriate dosing, this 
would also reduce efficacy and the immune response (Berraondo et al., 
2019;Chulpanova et al., 2020). Additionally, it is now known that cytokines 
can also induce immune-suppressive humoral factors, suppressive cells, and 
cellular checkpoints without consistently inducing a tumor-specific response. 
To address these issues, cytokines are added into delivery vehicles (raging 
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from nanoparticles to viruses) and new cytokine variants and mutants are 
engineered (Havunenet al., 2017;Quixabeira et al., 2021;Riley et al., 2019).  
 
IFNα is FDA approved for resected high-risk melanoma patients and for 
several refractory malignancies. There are 17 different IFN genes, divided into 
IFN types I–II. Type I includes the α and β forms. IFN-γ is the only IFN 
considered to belong in type II. This division is based on the type of cell that 
produces the IFN and the functional characteristics of the protein and genome 
sequences of the IFNs (Dunn, Koebel and Schreiber, 2006). IFNs can be 
produced by almost any cell upon stimulation by a virus after toll-like receptor 
(TLR) stimulus; their primary function is to induce viral resistance in cells. 
Furthermore, IFNs reduce cancer growth and activate dendritic cells. Type II 
IFN is mainly secreted by natural killer (NK) cells and T lymphocytes; its main 
purpose is to warn the immune system of potential cancer cell growth or 
different pathogens. However, its role in cancer is manyfold, as it can trigger 
cell growth but also activate the immune system. The complexity of reactions 
towards IFNs is still under research. 
 
IL-2 (High dose IL-2) is approved for treatment of metastatic renal cell 
cancer and melanoma. IL-2 is a 15 000-kDa α-helical cytokine and is mostly 
secreted by activated CD8+ and CD4+T cells. Besides T cells, dendritic cells 
(DCs), NK cells, and NKT cells can also produce IL-2.  IL-2 is rapidly and 
transiently produced upon TCR engagement for T-cell expansion. IL-2 was 
originally discovered in 1976 as a T-cell growth factor and plays a role in  T-
cell differentiation by supporting Th1/Th2 differentiation and inhibiting the 
development of T helper 17 lineage. However, it was subseqently discovered 
that IL-2 receptor deficient mice did not develop autoimmune diseases, thus 
indicating that IL-2 has a more multifaceted role in cancer as well (Jiang, 
Zhou and Ren, 2016).  
 
The IL-1 family consist of 11 interleukins, of which IL-1α and IL-1β are the best 
characterized. These are produced as propeptides as a reaction to alarmins, 
which are then proteolytically cleaved to their active form by proteases such as 
caspase-1. The signaling cascade of IL-1α and IL-1β consists of two parts. An 
initial priming step is needed, which consists of alarmins and activating 
receptors, such as TLRs, IL-1 receptor, or TNF-α receptor and their signaling, 
in the case of IL-1R MYD88 IRAK proteins to activate translation of pro-IL-1 
through NF-κB. In the second part of the signaling cascade, sensors such as 
NOD-like receptors and AIM2 activate caspase-1 to process IL-1 to its active 
form for release. While IL-1 has several functions, as a proinflammatory 
cytokine it has an activating effect on many immune cells (Gelfo et al., 2020). 
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5.2 RECEPTORS INVOLVED IN IMMUNE RECOGNITION 
AND THEIR CONTRIBUTION IN CANCER 
TREATMENTS 

The innate response can be triggered through activation of Fc receptors (FcRs) 
by antibodies, causing innate immune activation of effector responses; 
antibody-dependent cellular phagocytosis (ADCP), or antibody-dependent 
cellular cytotoxicity (ADCC).  Another important sensing mechanism exists, it 
is generally called pattern recognition receptors (PRR). PRRs are germline-
encoded host sensors, specialized in detecting pathogen derived molecules. 
They are most often expressed by cells of the innate immune system, such as 
macrophages, dendritic cells, monocytes and neutrophils. They can also be 
found in non-immune cells such as epithelial cells. PRR can identify two 
different classes of molecules, namely pathogen-associated molecular patterns 
(PAMPs) and damage-associated molecular patterns (DAMPs). TLRs are the 
best known receptors in this group. 

5.2.1 TOLL LIKE RECEPTORS 
 
TLRs sense and bind to evolutionarily conserved motifs that are shared by 
many infectious agents,for example lipopolysaccharides, peptidoglycan, 
nonmethylated CpG, and double-stranded RNA(PAMPs. However, some 
TLRs recognize molecules that are “normal” and endogenous but are only 
misplaced, such as dsDNA in the cytosol (DAMPs).TLRs are germline 
encoded and although their expression may be restricted to particular cell 
types, they are not clonally distributed. Within a given species, the genes 
encoding innate receptors show various degrees of polymorphism.  
There are 13 different TLRs, of which TLR11, 12, and 13 are not found in 
humans. TLR10 is only found in mice. TLRs are single-pass membrane 
receptors, of which TLR3, 7, 8, and 9 are located intracellularly on 
endosomes. Several cell lines express TLRs, such as antigen-presenting cells, 
fibroblasts, and epithelial cells. The main role of TLRs is host protection from 
microbial infection. However, cancer cells also express TLRs. Although TLR 
expression is associated with cancer prognosis, this is dependent on TLR 
type and signal strength, and contradictory results have also been observed.  
When the immune-stimulating reactions of TLRs were recognized, different 
innate immunity stimulating drugs were tested for cancer treatments. For 
example, a study by Cerullo et. al. used an adenovirus coding for a TLR9 
agonist, which improved the anti-tumor efficacy of adenoviral therapy 
compared to mock treatment.  
 
After recognition of PAMPs, TLRs activate signaling cascades which results in 
downstream signaling cascades and activation of transcription factor nuclear 
factor-kappaB (NF-κB). Alternatively cytokine receptors and their 
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downstream signaling can activate NF-κB. As a transcription factor, NF-κB 
controls the transcription of proinflammatory cytokines such as TNF-α, IL6, 
BCLXL, BCL2, BCLXS, XIAP, and VEGF, and chemokines. It can also induce 
the upregulation of co-stimulatory molecules on DCs that are essential for T-
cell activation. NF-κB is found in almost all animal cell types. Incorrect 
regulation of NF-κB has been linked to cancer. Also other diseases such as 
inflammatory and autoimmune diseases, septic shock, viral infection, and 
improper immune development has been linked to defective NF-κB signaling. 

5.2.2 AIM2 
 
In a study of innate immune reactions towards TILT-123, it was found that 
AIM2 was activated during infection (Heiniöet al., 2020). 
AIM2 is a sensor of double-stranded DNA. Activation occurs via a two-step 
reaction. First, a signal pathway activates production of AIM2 proteins, either 
through exposure to cytokines or through PRR activation. A second molecule, 
an inflammasome-activating molecule (DNA in the case of AIM2) is needed 
for assembly of the sensor. When the HIN-200 domain of AIM2 binds it 
multimerizes around the DNA, PYHIN is simultaneously released and attracts 
ASC, which modifies caspase-1 to its mature form. The mature capase-1 
proceeds to cleave and mature IL-1β, IL-18, and gasdermin. Gasdermin can 
create pores in the cell membrane, from which IL-1β can be released. The 
pores can eventually lead to pyroptosis of the cell. IL-1β also has many effects 
on cells and the tumor microenvironment (Wang and Yin, 2017). 
Reduced AIM2 expression was observed in colon, liver, prostate, and breast 
cancer, suggesting that low AIM2 expression leads to tumorigenesis and is 
associated with poor prognosis. However, at the same time results show that 
in some models overexpression of AIM2 in tumor cells can lead to cell growth 
arrest and cell apoptosis. For example, in oral squamous cell carcinoma, 
squamous cell carcinoma, and lung cancer, where AIM2 expression is high, 
inhibition or knockout of AIM2 resulted in inhibited cell growth, induction of 
apoptosis, and reduced cell migration. Thus, although the role of AIM2 in the 
innate immune response has been well documented, its function in cancer 
initiation and development should be further explored (Chen et al., 
2006;Chen, Wang and Yu, 2017;Man, Karki and Kanneganti, 2016). 
Active caspase-1 has clear links to adaptive immunity through the release of 
the IL-1 family cytokines, which are important for T-cell activation and 
memory cell formation. In addition to cleavage of IL-1β and IL-18 to their 
bioactive forms, inflammasomes also facilitate secretion of inflammatory 
proteins HMGB-1 and IL-1α, which do not require processing for biological 
activity. IL-1β can function as a survival signal for naïve T cells by causing 
transient release of IL-2 from T cells. 
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5.3 TUMOR VASCULATURE AND ADENOVIRUS 
INTRAVENOUS DELIVERY 

Like any tissue, tumors require oxygen, nutrients, and a waste disposal system 
to survive. These functions are mediated by blood vessels and the circulatory 
system. Therefore, for tumors to grow over an estimated 2-3 mm2, it requires 
vascularization. Otherwise, the tumors will suffer from hypoxia and metabolite 
accumulation.  
There are several ways that new blood vessels can be formed in a tumor. For 
example, old vessels can branch into the tumor and form two separate vessels, 
tumor cells can start to mimic endothelial cells and form vessel-like structures, 
and new vessels can branch out from old surrounding vessels. These vessels 
are usually abnormal, highly branched, and leaky with high intravenous 
pressure.   
Accordingly, different approaches to target and destroy tumor vasculature 
have been developed. One of the best known is bevacizumab (Avastin), an anti-
vascular endothelial growth factor (VEGF) antibody. It was believed that 
through blocking a vessel-inducing receptor (VEGFR), the growth of tumor 
vessels would be inhibited and the tumor will self-destruct. Although not a 
100%- curing results were observed in clinical trials as a single-agent therapy, 
in 2004 Avastin became the first anti-angiogenic drug approved in the United 
States for the treatment of metastatic colon cancer in combination with 
chemotherapy (Ganss, 2020;Kabbinavar et al., 2008). It is believed that the 
anti-angiogenic medication induces killing of the most central part of the 
tumor, while the outer edges are still maintained through peripheral blood 
vessels. Therefore, the tumor can regrow later when the medication is 
withdrawn. Other approaches to inhibit tumor vasculature have subsequently 
been employed. Instead of killing the endothelial cells, vessels are normalized 
through alternative treatments. By normalizing the vessels, the immune 
system can use the vessels to reach all parts of the tumor. Once pressure has 
been normalized, the cells can travel better and endothelial cells can express 
the molecules required for movement through the vessel wall (diapedesis) into 
the tumor (Ganss, 2020). 

5.3.1 T CELL INFILTRATION THROUGH VASCULATURE  
 
To mediate their effects, activated T cells in lymph nodes have to reach their 
target tissue. First, dendritic cells or other antigen presenting cells must 
present antigens of interest to T cells. This activates T cells, and the primed T 
cells travel to their target. Triggering of T cells is specific for different targets 
of the body to ensure the that T cell infiltrates to the area where it is needed. 
Lymphocytes exposed to antigens can be further subdivided into different 
subsets based on their expression of characteristic sets of trafficking 
receptors that favor their accumulation in certain target organs, including the 
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skin and gut. Differences in cytokine and chemokine contents of tumors 
modulates the recruitment of T cells and also affect the entire cellular 
composition of the tumor microenvironment. Success in preclinical and 
clinical models has been shown when the cytokine or chemokine 
environment is modified, such as with IL-2 treatments(Bright et al., 
2017;Rosenberg, 2014). However, several factors, such as the concentration 
of a single cytokine, the presence and amount of other cytokines, and the 
timing of cytokine expression and “release schedule” can modulate the effects 
of another or the same cytokine or chemokine. Thus, the same cytokines can 
have either antitumor or protumor activities and induce unwanted side 
effects (Berraondoet al., 2019). When a non-immune cell is in distress, 
infected, or abruptly killed, it secretes danger signals to the environment, 
such as cytokines and chemokines. The T cell is attracted to the area in a 
concentration-specific manner; in other words, the concentration of the 
“alarm molecule” is greater closer to the area of disruption. The T cell that 
traveled from the lymph node via the circulatory system reacts to secreted 
chemokines and cytokines in another way as well, as they can prime the T 
cells to interact with the endothelial wall by modulating expression of 
selectins and integrins on both the immune cell and endothelial cell wall. 
These also affecting gap junctions in the vessel walls. For example, the 
chemokine CCL25 and the CAM MAdCAM-1 are involved in recruitment of T 
cells that express the chemokine receptor CCR9 and the integrin α4β7 to the 
small intestinal mucosa, which induces the T cells to express molecules such 
as selectins and integrins on their cell surface (such as LFA-1 and CD31). 
These molecules then attach to their complementary molecule on the 
endothelial vessel wall and slow down to roll on top of the endothelial 
surface. This is rolling further slows to a halt, which is called adhesion. At 
this stage, the expression of molecules on the T-cell wall must match the 
composition of receptor molecules expressed on the endothelial cells. This 
activates a signaling system that triggers and enables T cell infiltration 
through the gap junction or through the endothelial wall.  

5.3.2 INTRAVENOUS DELIVERY OF ONCOLYTIC VIRUSES UTILIZING 
CELL CARRIERS 

 
Oncolytic viruses have been delivered through both intravenous (i.v.), and 
intratumoral (i.t.) injections. It is thought that i.v. delivery of oncolytic 
viruses has benefits compared with other delivery routes, due to rapid 
systemic delivery and ease of administration. Then also, tumors that are not 
yet detected or cannot be injected could be reached and possibly cured by a 
oncolytic virus.  However, this approach is limited by the fact that there are 
several highly efficient mechanisms to remove unwanted entities from the 
circulation, and unfortunately they cannot distinguish between true 
pathogens or oncolytic viruses A theoretical impediment to systemic 
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application of adenoviruses is pre-existing antiviral immunity (see figure 3). 
Almost all individuals have circulating anti-adenovirus antibodies and T 
lymphocytes developed as a result of immunization or natural infection. Also, 
adenoviruses can non-specifically be neutralized by proteins in the blood 
serum. Accordingly, carrier cells have been investigated to overcome this 
limitation.  Several preclinical studies have shown that viruses can be loaded 
into, or onto, different types of cells without losing the biological activity of 
either virus or cell carrier. Cell carriers can protect viruses from 
neutralization and elimination through “hiding” in the in the grooves of their 
carrier. Further benefits of carrier cells also include inherent cell type or 
tumor tropism of chosen carrier cells, which can function as a delivery guide 
for the oncolytic virus (Roy and Bell, 2013). Naturally, viruses have already 
utilized this. For example HIV hides within T cells to avoid destruction and 
some viruses use TCRs or desmogleins to spread from cell to cell without the 
need to be exposed to the factors neutralizing viruses outside host cells. For 
carrier cells to be used in the clinic, the cells should be easy and cheap to 
manufacture and handle, preferably have a target specificity and be safe. 
Inherent cancer tropism and cancer cell toxicity would also be preferable. To 
date, mostly progenitor cells and immune cells have been used as carrier 
cells. Their downside is that these cells are sometimes hard to obtain and 
handle. Additionally, both cell types are not cheap to obtain and grow(Roy 
and Bell, 2013;Zafar et al., 2020). 
It has been shown that Mesenchymal stem cells (MSCs) can improve delivery 
of oncolytic adenoviruses into tumors in preclinical animal models and in 
humans (Rincón et al., 2017). Consistent with these results, T cells have been 
shown to be able to deliver oncolytic viruses into tumors. Additionally, T cells 
can have the added benefit of tumor-specific cytotoxicity (antigen-specific T-
cells, CAR-T cells, or TILs) (Dieci et al., 2015;Havunenet al., 2017;Santos et 
al., 2021;van den Berg et al., 2020).  
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Figure 3. Cells as virus carriers. When using cell carriers for virotherapy, viruses 
are more likely to reach the tumor. A) Viruses are injected i.v. Before they can 
reach the tumor, many of them are neutralized by the immune system for 
example by the complement system or antibodies. Also phagocytotic cells 
eliminate free virions in the blood stream, like for example Kupffer cells in the 
liver. This limits the therapeutic effect.  B) If viruses are loaded on carrier cells, 
such as T cells, they can avoid neutralization and elimination by hiding on or in 
their carrier cell. Therefore, more viruses will reach the tumor and consequently 
elicit a stronger reaction at the tumor.

B

A
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6 MATERIALS AND METHODS 

6.1 IN VITRO AND EX VIVO-METHODS 

6.1.1 VIRUSES (I-IV) 
 
Details of adenovirus constructs used in this study are described in 
(Havunenet al., 2017;Heiniöet al., 2019) and are listed in Table 1. Non-
replicative viruses were usually generated by insertion of a transgene into a 
cloning plasmid that was consecutively co-transfected with a “rescue 
plasmid” (containing the rest of the virus genome) into bacteria containing 
eukaryotic recombination enzymes. Then, the linearized plasmids were 
propagated in HEK293 cells, which have the needed transcomplementary E1 
region.  
Oncolytic, replication-competent, chimeric adenoviruses were mostly 
constructed by an adapted BAC-recombineering method. Viruses were then 
propagated in non-transcomplementing A549 cells to minimize back-
recombination risk, generating a modified but non-tumor selective virus. 
Virions were collected from cells by incubating in trypsin or scraping, 
followed by two consecutive CsCl density centrifugations. CsCl was removed 
by dialysis. 
 
Table 1. Viruses used in this study 

Virus name Transgene 
 
 
 
 

Replication 
competence 

Modifications Reference 

Ad5-based 
viruses 

    

Ad300wt No transgenes Yes None ATCC 
Ad5-D24 No transgenes Oncolytic b 24-bp deletion in E1A Suzuki 

2002 
Ad5Luc1 Luciferase No Insertion of CMV/Luc into deleted 

E1; deletion of E3 
Krasnykh 

2001 
Ad5LucRGD Luciferase No Insertion of CMV/Luc into deleted 

E1 region; insertion of RGD; 
deletion of E3 

Dmitriev 
1998 

Ad5LacZ LacZ No Insertion of CMV/LacZ into deleted 
E1; deletion of E3 

Yotnda 
2004 
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Ad5pK21La
cZ 

LacZ No Insertion of CMV/LacZ into deleted 
E1; insertion of 21 polylysines; 

deletion of E3 

Yotnda 
2004 

Ad5RGD.pK
7 

Luciferase + 
Green fluorescent 

protein 

No Insertion of CMV/Luc-GFP into 
deleted E1; insertion of 7 

polylysines; insertion of RGD; 
deletion of E3 

Wu 2002 

Ad5-GL Luciferase + 
Green fluorescent 

protein 

No Insertion of CMV/Luc-GFP into 
deleted E1; deletion of E3 

Wu 2002 

Ad5.pK7 Luciferase + 
Green fluorescent 

protein 

No Insertion of CMV/Luc-GFP into 
deleted E1; insertion of 7 

polylysines; deletion of E3 

Wu 2002 

Ad5-D24-
hGMCSF 

Human 
granulocyte 
macrophage 

colony 
stimulating factor 

Oncolytic 24 bp deletion in E1A; insertion of 
hGMCSF into deleted 6.7K/gp19k 

region of E3 

Cerullo 
2010 

Ad5-D24-
RGD-hGMCSF 

Human 
granulocyte 
macrophage 

colony 
stimulating factor 

Oncolytic 24-bp deletion in E1A; insertion of 
hGMCSF into deleted 6.7K/gp19k 

region in E3; insertion of RGD 

Pesonen 
2011 

Ad5-D24-
CpG 

18 CpG islands Oncolytic 24-bp deletion in E1A; insertion of 
18 CpG islands into E3 

Cerullo 
2012 

Ad5-D24-
mC5a 

Murine 
complement 

component 5a 

Oncolytic 24-bp deletion in E1A; insertion of 
mC5a into E3 

Unpublishe
d 

Ad5-CMV-
mIL2 

Murine 
interleukin 2 

No Insertion of CMV/mIL2 into deleted 
E1; deletion of E3 

Siurala 
2016 

Ad5-CMV-
mIFNg 

Murine interferon 
gamma 

No Insertion of CMV/mIFNg into 
deleted E1; deletion of E3 

Siurala 
2016 

Ad5-CMV-
mIFNb1 

Murine interferon 
beta 1 

No Insertion of CMV/mIFNb1 into 
deleted E1; deletion of E3 

Siurala 
2016 

Ad5-CMV-
mTNFa 

Murine tumor 
necrosis factor 

alpha 

No Insertion of CMV/mTNFa into 
deleted E1; deletion of E3 

Siurala 
2016 

Ad5-CMV-
mGMCSF 

Murine 
granulocyte 
macrophage 

colony 
stimulating factor 

No Insertion of CMV/mGMCSF into 
deleted E1; deletion of E3 

Unpublishe
d 

Ad5-CMV-
tras 

anti-HER2 
antibody 

No Insertion of CMV/tras into deleted 
E1; deletion of 6.7K/gp19k in E3 

Liikanen 
2016 
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Capsid 
chimeric viruses 

    

Ad5/3-D24 No transgenes Oncolytic 24-bp deletion in E1A; replacement 
of knob 5 with knob 3 

Kanerva 
2003 

Ad5/3-E2F-
D24 

No transgenes Oncolytic E2F promoter; 24-bp deletion in 
E1A; replacement of knob 5 with 

knob 3; deletion in E1B 

Havunen 
2017 

Ad5/3-
Cox2L-E1 

No transgenes Oncolytic Replacement of E1 region with long 
Cox2 promoter and wtE1A region; 
replacement of knob 5 with knob 3 

Bauerschm
itz 2006 

Ad5/3-
Cox2L-D24 

No transgenes Oncolytic Replacement of E1 region with long 
Cox2 promoter and wtE1A; a 24-bp 

deletion in E1A; replacement of 
knob 5 with knob 3 

Bauerschm
itz 2006 

Ad5/3-
Cox2L-D2-D24 

No transgenes Oncolytic Replacement of E1 region with long 
Cox2 promoter; introduction of a 24-

bp deletion into inserted wtE1A; 
additional 2-bp deletion in E1A; 

replacement of knob 5 with knob 3 

Bauerschm
itz 2006 

Ad5/3-
Cox2M-E1 

No transgenes Oncolytic Insertion of medium-length cox2 
promoter into deleted E1; 

replacement of knob 5 with knob 3 

Bauerschm
itz 2006 

Ad5/3-
Cox2M-D24 

No transgenes Oncolytic Insertion of medium-length cox2 
promoter in 24-bp deletion of E1A; 
replacement of knob 5 with knob 3 

Bauerschm
itz 2006 

Ad5/3-
Cox2M-D2-D24 

No transgenes Oncolytic Insertion of medium-length cox2 
promoter in 24-bp deletion in E1A; 
2-bp deletion in E1A; replacement 

of knob 5 with knob 3 

Bauerschm
itz 2006 

Ad5/3Luc1 Luciferase No Insertion of CMV/Luc into deleted 
E1 region; replacement of knob 5 

with knob 3 

Kanerva 
2002 

Ad5/3lucS* Luciferase No Insertion of CMV/LucS gene into 
deleted E1 region; replacement of 
knob 5 with knob 3; fiber KKTK 

mutation 

Koski 2013 

Ad5/3-9HIF-
D24-sFlt 

Soluble VEGF 
receptor 1 (sFlt) 

Oncolytic Insertion of 9HIF; 24-bp deletion in 
E1A; insertion of sFlt into deleted 

6.7K/gp19k region of E3; 
replacement of knob 5 with knob 3 

Guse 2009 

Ad5/3-9HIF-
D24 

No transgenes Oncolytic Insertion of 9HIF; 24-bp deletion in 
E1A; replacement of knob 5 with 

knob 3 

Guse 2009 
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Ad5/3-D24-
hCG 

Human chorionic 
gonadotropin 

Oncolytic 24-bp deletion in E1A; insertion of 
hCG into deleted 6.7K/gp19k in E3; 
replacement of knob 5 with knob 3 

Rajecki 
2007 

Ad5/3-D24-
hGMCSF 

Human 
granulocyte 
macrophage 

colony 
stimulating factor 

Oncolytic 24-bp deletion in E1A; insertion of 
hGMCSF into deleted 6.7K/gp19k in 
E3; replacement of knob 5 with knob 

3 

Koski 2010 

Ad5/3-E2F-
D24-hGMCSF 

Human 
granulocyte 
macrophage 

colony 
stimulating factor 

Oncolytic Insertion of E2F; 24-bp deletion in 
E1A; replacement of knob 5 with 
knob 3; insertion of hGMCSF into 

deleted 6.7K/gp19k in E3 

Hemminki 
2015 

Ad5/3-E2F-
D24-hTNFa 

Human tumor 
necrosis factor 

alpha 

Oncolytic Insertion of E2F promoter; 24-bp 
deletion in E1A; insertion of hTNFa 
into deleted 6.7K/gp19k region of 

E3; deletion in E1B; replacement of 
knob 5 with knob 3 

Havunen 
2017 

Ad5/3-E2F-
D24-hIL2 

Human 
interleukin 2 

Oncolytic Insertion of E2F promoter; 24-bp 
deletion in E1A; deletion in E1B; 

insertion of hIL2 into deleted 
6.7K/gp19k region of E3; 

replacement of knob 5 with knob 3 

Havunen 
2017 

Ad5/3-E2F-
D24-hTNFa-
IRES-hIL2 

Human tumor 
necrosis factor 
alpha + human 
interleukin 2 

Oncolytic Insertion of E2F promoter; 24-bp 
deletion in E1A; insertion of TNFa; 
insertion of IRES-hIL2 into deleted 

6.7K/gp19k region of E3; 
replacement of knob 5 with knob 3 

Havunen 
2017 

Ad5/3-FCU1 Fusion of yeast 
cytosine 

deaminase and 
uracil 

phosphoribosyltr
ansferase 

No Insertion of CMV/FCU1 into deleted 
E1; replacement of knob 5 with 

knob; deletion of E3 

Dias 2010 

Ad5/3-D24-
FCU1 

Fusion of yeast 
cytosine 

deaminase and 
uracil 

phosphoribosyltr
ansferase 

Oncolytic 24-bp deletion in E1A; insertion of 
FCU1 into deleted 6.7K/gp19k 

region of E3; replacement of knob 5 
with knob 3 

Dias 2010 

Ad5/3-D24-
hTNFa 

Human tumor 
necrosis factor 

alpha 

Oncolytic 24-bp deletion in E1A; insertion of 
hTNFa into deleted 6.7K/gp19k 

region of E3; replacement of knob 5 
with knob 3 

Hirvinen 
2015 
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Ad5/3-
hTERT-E1A-

hCD40L 

Human CD40 
ligand 

Oncolytic Insertion of hTERT into deleted E1 
region; Insertion of E1A; Insertion 
of hCD40 into deleted 6.7K/gp19k 

region of E3 

Diaconu 
2012 

Ad5/3-CMV-
hCD40L 

Human CD40 
ligand 

No Insertion of CMV/hCD40L into 
deleted E1; replacement of knob 5 

with knob 3 

Diaconu 
2012 

Ad5/3-CMV-
mCD40L 

Murine CD40 
ligand 

No Insertion of CMV/mCD40L into 
deleted E1; replacement of knob 5 

with knob 3 

Diaconu 
2012 

Ad5/3-
D24aCTLA4 

Anti-CTLA-4 
antibody 

Oncolytic 24-bp deletion in E1A; insertion of 
aCTLA4 into deleted 6.7K/gp19k 

region of E3; replacement of knob 5 
with knob 3 

Dias 2012 

Ad5/3-
aCTLA4 

Anti-CTLA-4 
antibody 

No Insertion of CMV/aCTLA4 into 
deleted E1; deletion of E3; 

replacement of knob 5 with knob 3 

Dias 2012 

Ad5/3-CMV-
tras 

Anti-HER2 
antibody 

No insertion of CMV/tras into deleted 
E1 region; deletion of E3; 

replacement of knob 5 with knob 3 

Liikanen 
2016 

Ad5/3-D24-
tras 

Anti-HER2 
antibody 

Oncolytic 24-bp deletion in E1A; insertion of 
tras into 6.7K/gp19k region of E3; 
replacement of knob 5 with knob 3 

Liikanen 
2016 

Ad5/3-TK-
GFP 

Thymidine 
kinase (TK) 
fused to GFP 

No insertion of CMV/TK-GFP into 
deleted E1; deletion of E3; 

replacement of knob 5 with knob 3 

Raki 2007 

Ad5/3-D24-
TK-GFP 

Thymidine 
kinase (TK) 
fused to GFP 

No 24-bp deletion in E1A; insertion of 
TK-GFP into deleted 6.7K/gp19k 

region of E3; replacement of knob 5 
with knob 3 

Raki 2007 

Ad5/3-D24-
hNIS 

Human sodium 
iodide symporter 

Oncolytic 24-bp deletion in E1A; insertion of 
hNIS into deleted 6.7K/gp19k of E3; 
replacement of knob 5 with knob 3 

Hakkaraine
n 2009 

 
 

6.1.2 CELL LINES (I-IV) 
 
Cells lines used in this study are listed in Table 2. Cells were grown in 
recommended media under standard conditions in a humidified incubator at 
37°C and 5% CO2 unless specified otherwise.  
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Table2. Cell lines used in publications included in this dissertation. 

Name Cell type Used in 
publication 

Growth media Source 

A549 Human 
adenocarcinoma 

I,II DMEM, 10% 
FBS, 1% P/S+ 

1% L-glut 

ATCC 

HEK-Blue 
hTLR9 

Human embryonic 
kidney cells 

II DMEM, 10% 
FBS, 1% P/S+ 
1% L-glut, 1% 

Normocin 

Invivogen (San 
Diego, CA, USA 

OVCAR-3 Human ovarian 
cancer 

II RPMI 1640, 20% 
FBS, 1% P/S+ 

1% L-glut 

ATCC 

SK-MEL-28 Human melanoma II DMEM, 10% 
FBS, 1% P/S+ 

1% L-glut 

ATCC 

SK-OV-3-LUC Human ovarian 
adenocarcinoma 

III 10% FBS, 1% L-
glut and 1% 

Pen/strep 

Dr Negrin, 
Stanford Medical 

School 
HaPT1 Hamster pancreatic 

cancer 
I, II, III, IV RPMI 1640, 10% 

FBS, 1% P/S+ 
1% L-glut 

Dr Hernandez- 
Alcoceba 

(Pamplona, Spain) 
or DSMZ 

HaPT1 AIM2 
KO 

Hamster pancreatic 
cancer 

II RPMI 1640, 10% 
FBS, 1% P/S+ 

1% L-glut 

Klaas de Lint 
(Netherlands) 

6.1.3 DC ISOLATION AND CULTURE (II) 
 
Immature DCs were produced from PBMCs isolated from blood of healthy 
donors (Finnish Red Cross blood service, approved by the ethical board 
12.03.2019, 14/2019). Density centrifugation (Lymphoprep solution, 
Stemcell technologies, Vancouver, Canada) was used for PBMC extraction 
according to the manufacturer’s instructions. Erythrocytes were then 
removed by ACK lysis buffer (Thermo Fisher, Waltham, MA, USA). The 
collected cells were then washed and CD14+ cells (DCs, and macrophages) 
were isolated from the PBMC fraction using CD14+ magnetic beads (MACS 
Miltenyi Biotech, Bergisch Gladbach, Germany) according to the 
manufacturer’s instructions. Subsequently, DCs were grown for 6 days in 
RPMI supplemented with 10% FBS, 100 U/mL penicillin, 100 μg/mL 
streptomycin, 1% L-glutamate, 20 ng/mL IL-4, and GM-CSF.  
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6.1.4 CRISPR/CAS9 KO (II) 
 
The AIM2 gene was knocked out in the HAPT1 cell line. Ribonucleoprotein 
complexes (RNPs, Integrated DNA Technologies, IA) were prepared 
according to the manufacturer’s instructions. The Neon Transfection System 
was used to deliver RNPs into HAPT1 cells using the with the Neon 
Electroporation Transfection system (ThermoFisher, MA) (settings 1200 
Volt/20 ms/2 pulses). One day after RNP delivery, cells were seeded in 96-
well plates (30 cells/plate) and clonal populations were assayed for 
successful editing of the target site by PCR. 

6.1.5 TIL PRODUCTION (III, IV) 
 
TILs for adenovirus delivery experiments (V) and for analysis of the effects of 
oncolytic viruses and TILS combined on ovarian cancer (III) were produced 
from human ovarian cancer patient samples and from Syrian hamster grown 
tumors.  
Human patient tumor samples were cut into small fragments and placed into 
a G-Rex 6-well plate with TIL medium (TM). TIL medium contains RPMI 
1640 supplemented with 20% FBS, 1% L-glutamine, 1% Pen/strep, 15 mM 
HEPES, 1 mM Na-pyruvate, 50 μm β-mercaptoethanol (Sigma-Aldrich), and 
3000 IU/mL recombinant human IL-2 (Peprotech, Stockholm, Sweden). The 
fragments were kept in media for 7 days. Before use, TILs were activated with 
irradiated allogeneic PBMCs (40 Gy; ratio 1:200 TIL:PBMCs) and anti-CD3 
antibody (30 ng/mL; ebioscience™, Thermo Fisher Scientific, Waltham, MA, 
USA) or OKT3 antibody (30 ng⁄mL; eBioscience, Thermo Fisher Scientific) 
and expanded in a mixture of activation and rapid expansion (RM) medium 
containing RPMI supplemented with 20% FBS, 1% L-glut, 1% Pen/strep, and 
3000 IU/mL recombinant human IL-2.  
Hamster TILs were generated similarly using HapT1 tumor fragments 
cultured in TM and activated by ConcavalinA (Sigma-Aldrich) on day 5 by a 
protocol developed in our laboratory  (Siurala et al., 2016b) 

6.1.6 EFFECT OF TILS AND ONCOLYTIC ADENOVIRUSES ON CANCER 
(III) 

 
Ovarian single-cell samples from human patients were depleted from CD3+ 
cells using CD3 MicroBeads (Miltenyi Biotec, Germany). Lymphocyte-
depleted patient samples were incubated with MOI 100 of Ad5/3-E2F-D24, 
TILT-123, or medium. Fresh autologous, expanded TILs were added after the 
washing steps. After 6 days of incubation, the supernatant and cells were 
collected for detection of IFN-γ and analysis of T-cell markers, respectively. 
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To investigate the binding of adenovirus to human and hamster TILs, TILS 
were incubated with 10 virus particles (VP)/cell in TILT-123 or control 
conditions. After incubation, the samples were centrifuged and cell pellets 
and supernatants were analysed separately to quantify bound and unbound 
viruses.  Alternatively, a mixture of TILT-123 (100 VP/cell) and hamster TILs 
were used similarly as above to determine if there are differences between 
binding of TILT-123 to human or Syrian hamster TILs. After incubation, 
DNA was extracted using QIamp DNA kits (Qiagen, Germany) according to 
the manufacturer’s instructions to quantify the viral genomes through 
quantitative PCR (qPCR). 
 

6.2 INVESTIGATING DANGER- AND PATHOGEN 
ASSOCIATED MOLECULAR PATTERN SIGNALING 
(II) 

 
SK-MEL-28, OVCAR-3, or A549 cells were infected with unarmed, single-
armed, or double-armed adenoviruses. The supernatants or cells were 
collected at three time points to determine extracellular ATP levels or to 
measure HMGB1. Extracellular ATP was measured using ATP Determination 
kit (Molecular probes, Invitrogen, Carlsbad, CA, USA) according to a 
standard protocol. HMGB1 was measured by HMGB1 ELISA kit (IBL) 
according to the manufacturer’s instructions. Calreticulin cell-surface 
expression was measured by flow cytometry. 
 
For NF-κB signaling pathway analysis, SK-MEL-28 cells were grown and 
infected with 100 VP/cell or left uninfected (mock control). The cells were 
collected and proteins were isolated using Qproteome Mammalian Protein 
Prep Kit (Qiagen) according to a standard protocol. Protein concentrations 
were determined with Bradford assay and proteins were analysed by 
Proteome Profiler Human NFκB pathway Array (R&D systems, Minneapolis, 
MN, USA) according to standard procedures. ImageJ software was used to  
determine the  intensity of membrane protein signals. 
 
AIM2 antagonist and agonist effects on DCs were analysed by 
antagonist/agonist interaction studies.  SK-MEL-28 cells (100 000 
cells/well), were seeded on 6-well plates. The next day, immature DCs were 
added (1:1 ratio) with or without antagonist Ac-YVAD-cmk (10 μg/ml) or 
Poly Lyo Vec-complex (1 μg Poly dA:dT per 100 μl of LyoVec, 50 μl of 
complex/ml) (both from InvivoGen) for 24 h and analyzed by flow cytometry 
(BD Accuri). LPS (100 ng/ml, from Sigma) was used as a positive control. 
HEK-Blue hTLR9 activation tests were performed according to the 
manufacturer’s protocol. A549 cells were cultured and infected (100 VP/cell), 
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and the supernatant used for TLR9 activation was collected 48 h post 
infection and filtered (100-kDa filter unit, Amicon Ultra 4, Merk Millipore 
Burlington, MA, USA) for virus removal according to manufacturer’s 
protocol. Alternatively, HEK-Blue hTLR9 cells were directly infected and 
measured according to the manufacturers’ protocol (100 VP/mL).  

6.2.1 PCR (II-IV) 
 
To analyze the intercation of ovarian cancer cells with oncolytic 
adenoviruses, SK-OV-3-LUC cells were challenged with several MOIs of 
Ad5/3-E2F-D24-TNFa-IRES-IL-2. After infection, cells were collected and 
DNA was extracted with QIAmp DNA Mini Kit (Qiagen, the Netherlands) 
according to the manufacturer’s instructions. Viral presence was confirmed 
by quantitative PCR targeting the d24 deletion of the E1A region using 
forward primer (5′-TCCGGTTTCTATGCCAAACCT-3′), reverse primer (5′-
TCCTCCGGTGATAATGACAAGA-3′) and probe (5′FAM-
TGATCGATCCACCCAGTGA-3′MGBNFQ). The results were normalized 
against the content of human β-actin housekeeping gene DNA. 
The success of AIM2 KO (GAACAACTGATTGAGAGTGCAGG, 150–172 bp 
downstream of the AIM2 start codon) was confirmed with PCR by amplifying 
the region between 256 bp upstream  and  252  bp  downstream  of  the  
target  site  in  the  genomic  DNA  (primers AAGACAATGGGTGGCAGTCC  
and  TTCTGTGGAGCACTCACCTT,  Kapa  HiFi  HotStart  2x Readymix   PCR   
kit,   Roche,   Switzerland)   and   Sanger-sequencing   (primer  
GCGGAGGAATTTCTAACACTCCTTTTA,  Eurofins  Mix2Seq  kit,  Eurofins,  
Luxembourg).  The selected clone was found to have a homozygous 5-bp 
deletion directly upstream of the PAM sequence of the target site leading to 
an out-of-frame deletion mutation (GAACAACTGATTGAG-----AGG). 
For cytokines and maturation marker microenvironmental analysis in an 
AIM2 KO and oncolytic adenovirus setting, qPCR probes and oligos (forward 
and reverse) were purchased from Metabion and designed by (Zivcec et al., 
2011), PCR reactions were performed using LightCycler® 480 Probes Master 
(Roche) according to the following program: denaturation at 95°C for 30 sec, 
annealing at 50°C for 30 sec, and extension at 72°C for 30 sec for 40 cycles. 

6.2.2 RNA SEQUENCING (II) 
 
SK-MEL-28 infected with  TILT-123 (100 VP/cell), DCs, or both were added 
to achieve a cell ratio of 1:2 (2 000 000 DCs/well). Cells were collected and 
suspended into RNAlater (Qiagen, Valencia,CA, USA). RNA was extracted 
using the RNeasy Mini Kit (Qiagen, Valencia, CA, USA) according to the 
manufacturer’s instructions. Finally, RNA quality and quantity were 
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measured using a Nanodrop 1000 (Waltham, MA, USA). Sequencing was 
performed by BGISEQ-500RS (BGI Europe Genome Center, Amsterdam, 
The Netherlands).  
 

6.2.3 PRODUCTION OF TIL/VIRUS MIXTURE FOR TRAFFICKING 
EXPERIMENTS (III) 

 
For TILs for delivery of adenovirus animal experiments, washed hamster 
TILs and TILT-123 (ratio 1:100 or 1:500 TIL:VP) were combined in a 24-well 
plate. After a 30-min incubation, the mixture was collected and injected in 
mice. Separately, for TIL tracing, Qtracker™ 525 Cell Labeling Kit (Thermo 
Fisher Scientific) was used according to the manufacturer’s instructions for 
hamster TILs before virus incubation (as stated above) to determine TIL 
trafficking. 
 

6.3 ANIMAL MODELS (II, III, IV) 

6.3.1 ASSESMENT OF ONCOLYTIC ADENOVIRUS EFFECTS ON 
TUMOR MODELS IN VIVO (II-IV) 

 
Established Syrian Hamster HapT1 subcutaneous tumors were treated by 
intratumoral (i.t.) injections of PBS or 1 × 109 VP of TILT-123 only. A third 
treatment group received virus i.t. (1 × 108 VPs) injections simultaneously 
with intraperitoneal (i.p.) injection of 8 ×106 hamster TILs. A fourth group 
was treated with TILs pre- loaded with TILT-123 with 4 × 109 VPs (ratio 
1:500 TIL:TILT-123) injected i.p.. After treatments, tumors were analysed for 
tumor growth and collected for virus particles determination.  
A higher carrier to virus ratio and longer incubation time was also 
investigated in hamsters. Animals received  i.p. injections of 8 × 106 hamster 
TILs loaded with TILT-123 with 0.8 ×109 VPs (ratio 1:100 TIL:TILT-123) or 
0.8 × 109 VPs of TILT-123 (or same controls as above). Samples were 
collected 5 days after the start of treatment. 
Subcutaneous HapT1 tumors were implanted in immunocompromised 
NOD.Cg-Prkdcscid-Il2rgtm1Sug/JicTac (Taconic, Silkeborg, Denmark) mice 
in both left and right flanks. Mice were treated by either a combination of a 
i.t. injection of PBS or 1 × 108 VPs/50 μL and  
i.v. injection of 5 ×106 hamster TILs, i.v. of 5 × 106 TILs pre-loaded with 2.5 
×109 VPs of TILT-123 (ratio 1:500 TIL:TILT-123), or i.t. 2.5 × 109 VP/100 μL 
of TILT-123 for analysis of the presence of adenoviruses by PCR genome 
determination.  
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The antitumor efficacy of TILs loaded with TILT-123 was examined. HapT1 
tumors were injected subcutaneously in both the left and right flanks of 
immunocompromised NOD.Cg-Prkdcscid-Il2rgtm1Sug/JicTac (Taconic). Mice  
were treated twice; left tumors received i.t. injections of PBS or TILT-123 (1 
×109 VP) and i.v. injections of 5 ×106 hamster TILs, 5 ×106 hamster TILs 
loaded with TILT-123 with 2.5 ×109 VPs (ratio 1:500 TIL:TILT-123), i.t. 2.5 
×109 VPs of TILT-123, or PBS. Tumor size was evaluated by electronic caliper 
measurements. The normalized tumor volume was determined by 
normalizing tumor volumes from each day to the corresponding days from 
the PBS tumor group. 
For AIM2 studies, two subcutaneous tumors (HapT1 or HapT1 AIM2 KO, 4 × 
106 cells/tumor) were implanted into the flanks of Syrian hamsters. When 
tumor size reached approximately 5 mm in diameter, tumors were treated by 
i.t. injections with either PBS, unarmed oncolytic adenovirus (OAd), or TILT-
123 (1 ×109 VPs/ Cells /tumor/treatment time). The tumors were collected 
into RNAlater (Qiagen, Valencia, CA, USA) and analyzed by RTqPCR.  

6.4 TUMOR SAMPLE PROCESSING AND FLOW 
CYTOMETRIC ANALYSIS (II-IV) 

For DAMP and PAMP analysis with flow cytometry, the primary antibody 
was incubated for 30-45 min in dark. After washes the secondary antibody 
was incubated similarly according to the manufacturer’s suggested 
concentrations. After staining, cells were analyzed using a BD Accuri C6 flow 
cytometer with BD Accuri C6 software (BD biosciences, Version 1.0264.15, 
BD Biosciences, San Jose, CA, USA). 
For project III, data analysis was performed with a FACS Aria II cell sorter 
(BD Biosciences). Data analysis was performed using FlowJo software V.10 
(FlowJo, BD Biosciences). Geometric mean data from activation markers 
were normalized to the vehicle group.  
The antibodies used in these studies are listed below in Table 3 
 
Table 3. Antibodies for flow cytometrical analysis 
 

Antibody Company 

Anti-Rat CD8b PE ebioscience™, Thermo Fisher 
Scientific 

Anti-mouse CD4 APC ebioscience™, Thermo Fisher 
Scientific 

Anti-human CD1 Biolegend,  
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Anti-human CD3 Biolegend 

Anti-human CD11c Biolegend 

Anti-human CD80 Biolegend 

Anti-human CD86 Biolegend,  

Ab2907 anti-calreticulin antibody 
as primary antibody 

IBL 

Ab 15007 Goat Anti-Rabbit IgG 
H&L as secondary antibody (Alexa 
Fluor®488) (Abcam, Cambridge, 

United Kingdom). 

Biolegend 

anti-EpCAM, Alexa Fluor 700-
labeled 

Biolegend 

anti-CD45 Biolegend 
PE/Dazzle 594-anti-CD69 Biolegend 

PerCP-Cy5.5-anti-CD4 Biolegend 
FITC-anti-CD8 Biolegend 
APC-anti-CD25 eBioscience, Thermo Fisher 

Scientific 
PE-Cy7-anti-programmed death 

ligand 1 (PD-L1) 
Biolegend 

PE/Dazzle-594-anti-FoxP3 Biolegend 

PE/Dazzle 594-anti-CD3 Biolegend 
APC/Cy7-anti-CD16 Biolegend 
APC/Cy7-anti-PD-1 Biolegend 

APC-anti-CD56 Biolegend 
APC-anti-CD25 eBioscience, Thermo Fisher 

Scientific 
PerCP-Cy5.5-anti-CD4 eBioscience, Thermo Fisher 

Scientific 

FITC-anti-CD8 eBioscience, Thermo Fisher 
Scientific 

PE-Cy7-anti-CD27 BD Biosciences 
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6.4.1 PATIENT MATERIAL PROCESSING, ESTABLISHMENT OF EX 
VIVO AND IN VITRO TUMOR CULTURES 

 
Fresh single-cell tumor digests were prepared from OVCA tumors. Small 
OVCA tumor fragments were placed in RPMI 1640 (Sigma-Aldrich, Missouri, 
USA) supplemented with 1% L-glutamine, 1% Pen/strep (Gibco, Thermo 
Fisher Scientific, Massachusetts, USA), collagenase type I (170 mg/L), 
collagenase type IV (170 mg/L), DNase I (25 mg/mL), and elastase 
(25 mg/mL) (all enzymes from Worthington Biochemical) for overnight 
enzymatic digestion with rocking at 37°C. The digested cell suspension was 
filtered (100-μm filter) and treated with Ammonium-Chloride-Potassium 
lysis buffer (Sigma-Aldrich) to lyse and remove red cells. The treated tumor 
cells were used to establish ex vivo tumor cultures used for ovarian cancer 
and oncolytic virus assessments.  

6.4.2 CYTOTOXICITY ASSAY 
 
The cell viability of OVCA ex vivo tumor cultures was verified by incubating 
50 μL of CellTiter 96 AQueous One Solution Proliferation Assay reagent 
(Promega, Wisconsin, USA) for 2–3 hours. Absorbance was determined at 
492 nm by a Fluostar OPTIMA analyzer (BMG Labtech, Offenburg, 
Germany). Each data timepoint was normalized to the vehicle control group. 

6.4.3 CYTOKINE EXPRESSION AND VIRUS PROPAGATION ASSAY 
 
SK-OV-3-LUC cells were seeded and incubated overnight in a 96-well plate. 
The following day, several MOIs of Ad5/3-E2F-D24-TNFa-IRES-IL-2 were 
added to the culture. After 72 hours, supernatant from cultures was collected 
in protease inhibitor and stored at -20°C until analysis. Cells were also 
collected in phosphate-buffered saline and DNA was extracted with QIAmp 
DNA Mini Kit (Qiagen, the Netherlands) according to the manufacturer’s 
instructions. Virus presence was confirmed by quantitative PCR.  

6.4.4 CYTOKINE ANALYSIS 
 
To analyse the effect of viruses on the cytokine environment, supernatants 
from the treated OVCA ex vivo tumor cultures were collected and the 
presence of IFN-γ, TNF-α , IL-2, IFNβ, C-X-C motif chemokine 10 (CXCL10), 
interleukin 6 (IL-6), arginase, and transforming growth factor β-1 (TGF-β1) 
was determined using a LEGENDplex panel and a free active/total TGF-β1 
detection kit (Biolegend, California, USA) according to the manufacturer’s 
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instructions. The levels of TNF-α  and IL-2 in supernatants from SK-OV-3-
LUC cells were determined using the human IL-2 and TNF-α  flex sets (BD 
Biosciences, California, USA). Samples were measured using Accuri C6 flow 
cytometer (BD Biosciences) and analyzed with LEGENDplex V.8.0 software 
(VigeneTech, Massachusetts, USA) or FCAP Array software (BD Biosciences). 
When appropriate, data obtained were normalized to vehicle control group 
and data points outside of the standard curves were extrapolated according 
to the software predictions and only considered when at least four values 
inside the standard curve could be retrieved in one of the analyzed days. The 
normalized levels of pooled proinflammatory and suppressive cytokines were 
derived from a three-step procedure: (1) each patient’s individual cytokine 
average concentration value of the different therapeutic groups was 
normalized against the vehicle control; (2) each patient’s individual 
normalized cytokine values were summed according to their category 
(proinflammatory or suppressive) and the average of each therapeutic group 
was calculated; and (3) the sum of each patient’s grouped cytokine 
normalized values we renormalized against the vehicle control group. The 
values shown in the graph are the averages of each therapeutic group.  
OVCA TIL-tumor cocultures were collected and IFN-γ detection was 
performed using ELISA MAX Deluxe Set Human IFN-γ (Biolegend) 
following the manufacturer’s instructions. Absorbance was measured at 
450 nm using a Fluostar OPTIMA analyzer (BMG Labtech, Offenburg, 
Germany) and values were interpolated using a line as standard curve with 
GraphPad Prism V.8 software (GraphPad, La Jolla, CA, USA). 
For further proof of AIM2 activation, SK-MEL-28 and A549 cells were 
infected with OAd. TNF-α  and IL-2 (1000 VP/cell) and cell-culture 
supernatants were analysed by ELISA (Invitrogen IL1Beta kit) 24 h p.i. 
indicating active, plausibly AIM2 dependent, cleavage and release of IL-1β. 

6.4.5 HISTOPATHOLOGY 
 
After resection, tissues were fixed, paraffin embedded, and cut into thin 
sections (4-5 μm) for slides. Slides were stained for immunohistochemistry 
with H&E staining. Anti-PD-L1 (Abcam, UK) staining was performed using 
Lab Vision Autostainer (Thermo Fisher Scientific). Anti-CD8 (Novocastra, 
Leica Biosystems, Illinois, USA) and anti-CD4 (Cell Marque, Merck, 
California, USA) staining were performed using a VENTANA Autostainer 
(Roche, Switzerland).  

6.5 STATISTICAL ANALYSIS (I- IV) 
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GraphPad Prism 8 (GraphPad Prism Software Inc., San Diego, CA, USA) was 
used to generate graphs. Unpaired Student’s t-test with Welch’s correction 
and correlations between variables were investigated using Spearman’s non-
parametric correlation. Assessment of differences between experimental 
groups was performed with regular one-way ANOVA with Tukey’s multiple 
comparison test or Kruskal-Wallis with Dunn’s multiple comparisons. In the 
mouse efficacy experiment, statistical differences between therapeutic groups 
were assessed on log-transformed absolute tumor volumes or PBS group-
normalized tumor volumes using linear mixed models in SPSS version 26 
(IBM, North Castle, NY, USA).  

6.6 ETHICAL STATEMENTS (I- IV) 

All animal protocols were approved by the Provincial Government of 
Southern Finland and the experimental animal committee of the University 
of Helsinki (ESAVI/28404/2019). The use of healthy human donor blood 
was approved by the ethical board of the Finnish Red Cross blood service 
(12.03.2019, 14/2019). Analyses performed on human patient samples were 
approved by the central hospital operative Ethics committee (permit number 
120/13/03/16) and were collected after patients provided informed consent.  
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7 RESULTS AND DISCUSSION 
 
Although adenovirus vectors have shown great promise in several clinical 
trials, further optimization of this approach is warranted. This thesis 
examined the factors affecting the use and efficacy of adenovirus vectors, 
vector production, immune stimulating signaling, and administration route 
and infiltration in the tumor vasculature. We sought to understand factors 
that limit the use and efficacy of patients treated with adenovirus vectors. 

7.1 EFFECTS OF GENE MODIFICATIONS TO 
ADENOVIRAL VECTORS (I) 

Even though many types of oncolytic and vector adenoviruses have been 
constructed,  the effect of these modifications are poorly known. The lack of 
understanding is a problem in the field, since, it is easy to attempt to 
construct almost any type of virus but, but, many modifications might easily 
affect for example virus assembly, stability etc.  
When adenovirus vectors were designed, the knob proteins of several 
adenovirus vectors were exchanged to serotype 3. This switches the virus 
receptor to desmoglein 2, which is more frequently expressed on many 
cancer types. The effect of knob protein switch was measured by comparing 
the physical and functional titers of different adenovirus vector constructs. 
We found that the production of chimeric 5/3 adenoviruses is not as efficient 
as non-chimeric viruses (p = 0.0412). However, the numbers of functional 
virions were not lowered by this modification. Interestingly, supporting these 
results, it has been shown in other studies that the chimera OAd5/3Δ24 led 
to greater toxicity in 3D spheroids compared to wildtype OAd5 (McKenna, 
Rosewell-Shaw and Suzuki, 2020). When compared to other capsid 
modifications (such as RGD, pk7, pk21, RGD + pk7), a similar but non-
significant trend of toxicity was observed. 
Transgenes are often inserted into virus vectors to modify virus effect on the 
tumor. For example, GM-CSF is often inserted to enhance the immune 
reaction towards cancer. Although we observed that the type of inserted 
transgene significantly affected functional virus titers, it did not significantly 
affect the number of produced functional virion particles. The functional titer 
of virus groups with immunostimulatory (p = 0.0054), non-
immunostimulatory transgenes (p = 0.0403), and antibody transgenes (p = 
0.0131) was significantly lower compared to the control group of viruses with 
no added transgenes.  It can be speculated, that the production of a big 
construct, such as an antibody, might slow down the production of viruses as 
the machinery needed for virus protein production is occupied. 
If virus vectors were compared according to number of functional 
modifications, there was a significant drop in both functional and physical 
virion numbers if more than four modifications were made (from p = 0.0139 
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and p = 0.002, respectively). The vectors were originally constructed 
according to previously approved size standards (the genome size was 
moderately similar); a correlation between genome size and physical or 
functional virus titers was not observed. The drop in both functional and 
physical titers show how much is still to be learned about adenovirus 
replication. By several insertions we are more likely to interfere with an 
important function of the virus. However, this study shows that adenviruses 
are a great tool as the virus size allows for insertion of bigger or several genes, 
and many things can be modified. By investigating adenoviruses the 
knowledge can be used to optimize vector design and can be even used to 
understand other vectors as well. 

7.2 DAMP AND PAMP SIGNALING AND TILT-123 (III) 

The TILT-123 virus was created for use in combination with T-cell therapies 
to activate the immune system against cancer. However, the mechanism 
behind immune activation is not fully understood. Therefore, we studied 
whether PRRs are activated through virotherapy and lead to release of   
immune-stimulating DAMP and PAMP molecules in cancer cells. This study 
revealed that TILT-123 induced the expression of known DAMP signalling 
markers. An increase in both extracellular ATP and HMGB1 as well as 
increased cell-surface expression of calreticulin was observed (Chan et al., 
2012). Lymphocyte activation and attraction occur when these three 
molecules are outside the cell.  
Chronic high-level expression of alarmins is associated with negative 
outcomes for patients, whereas dynamic and acute expression may provide a 
positive immune response. Alarmin measurements vary between cell lines 
and timepoints and it is plausible that the measurements missed the peak 
alarmin release or expression, as expression in other cell lines was significant 
at some timepoints. Alarmin release has been associated with immune cell 
infiltration and positive treatment outcome in cancer patients and thus, this 
might indicate a new mode of action for TILT-123. Not only does it lyse 
cancer cells, but also attracts immune cells to the tumor through alarmin 
release (Chanet al., 2012;Hernandez, Huebener and Schwabe, 2016). 
To complement this data, we used mRNA sequencing to identify the most 
differentially activated pathways responsible for DAMP and PAMP 
recognition. This confirmed the effectiveness of virotherapy and the 
activation of several DAMP- and PAMP-signaling pathways. Interestingly, 
the inflammasome AIM2 was activated in both DC and SK-MEL28 cells 
(unfiltered results), which warranted further investigation.  
NF-κB signaling pathway analysis revealed upregulation of ASC protein, 
which is a part of the AIM2 inflammasome. This further supports the RNA 
sequencing results. With this in vitro data, we studied the reaction in vivo by 
comparing virus-treated Syrian hamster HaPT1 tumors in either wild-type or 
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AIM2 knockout genetic background. The knockout tumors grew faster and 
virotherapy was less effective than in wild-type tumors treated similarly. 
These results indicate that AIM2 plays an important role in TLT-123 
recognition and induces danger signaling during TILT-123 infection, thus 
creating an tumor diminishing environment through activation of pro IL-1β 
to its active form. 
IL-1β expression was high in wild-type HapT1 tumors, while the converse 
was true for KO tumors. IL-1 is a co-stimulatory cytokine and induces T-cell 
proliferation, which consequently triggers IL-2 secretion and expression of 
IL-2Rs by activated T cells. Consistent with this, IL-1β levels were 
significantly upregulated in TILT-123-treated tumors, and simultaneously, a 
trend for higher IL2 and IL2R expression could be also be seen in these 
tumors. This suggests that AIM2 activation plays an important role in TILT-
123 virotherpy: the activation of AIM2 inhibits cancer growth during 
virotherapy administration and causes the secretion of inflammatory 
cytokines, which attract and activate immune cells against cancer. This result 
has been shown in other studies as well without the knowledge of the exact 
mechanisms  (Havunenet al., 2017;Quixabeiraet al., 2021). 
Additionally, TILT-123 may activate AIM2-dependent secretion of 
gasdermin,  which induces cell killing and is associated with immune 
modulation of the tumor microenvironment. Additionally, IL-6 expression 
was abrogated in knockout tumors. Previous studies have shown that IL-6 
has several effects on cancer growth. IL-6 can recruit neutrophils and T cells 
but can also activate several cancer cell growth-inducing signaling pathways. 
Furthermore, IL-6 can affect IL-2 signaling and thus inhibit T-cell 
recruitment and activation(Chen et al., 2013;Nish et al., 2014). In 
virotherapy-treated tumors, a trend of higher IL-2 expression was noted. IL-
2 plays an essential role in the immune system, affecting tolerance and 
immunity primarily via its effects on T cells(Berraondoet al., 2019). IL-2 
promotes differentiation of T cells into effector and memory T cells after 
antigen stimulation and, was thus chosen as one of the two cytokines added 
into the OAd arming device. The other part of the TILT-123-arming device, 
TNF-α , is a cytokine that is involved in both local and systemic 
inflammation. TNF-α is produced chiefly by activated macrophages, although 
it can be produced by many other cell types as well. While TNF-α has a 
plethora of effects, it is known for its cell-destroying properties (Tähtinenet 
al., 2015). Thus, the high expression of both TNF-α and IL-2 during TILT-123 
infection in vivo probably enhanced the observed tumor growth limitation. 
Similar effects of TILT-123 have been seen in Havunen et al’s studies in 2017 
(Havunenet al., 2017). 
 
When samples were examined, more evidence of the contribution of TILT-
123 to antitumor efficacy was revealed. Virotherapy induced expression of 
the DC maturation marker CD83 in tumors. This work revealed that TILT-
123 adenovirus virotherapy modulates the tumor microenvironment through 
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DAMP and PAMP release and subsequent activation of sensors, such as 
AIM2. These effects may underlie the efficacy of TILT-123 and may be 
relevant for many other oncolytic viruses as well. 

7.3 EFFICACY OF ONCOLYTIC ADENOVIRUS 
TREATMENTS ON OVARIAN CANCER (II) 

 
The effect of the tumor microenvironment is multifaceted. In this project, 
human ovarian cancer patient samples were analyzed to evaluate the effect of 
the tumor microenvironment on virotherapy. By using patient samples, a 
more versatile and realistic view of the effects of virotherapy could be assesed 
in this mixed context of several different cell types found in human tumors. 
We observed that TILT-123 therapy was an effective killer of most ovarian 
cancer cell samples. By one week, the virotherapy decreased the viability of 
five out of six ex vivo cultures by 95% to 60% relative to the vehicle control. 
One sample did not show as marked of a decrese in viability. This could be 
due to the specificity of the virus, as it only infects and lyses tumor cells. It is 
possible that cultured tumor piece that remained viable in this sample may 
have contained high numbers of infiltrated immune cells, fibrocysts, or other 
cells that were not cancerous and were thus not lysed. When the cultures 
were further analyzed, we observed that TNF-α and IL-2 expression in tumor 
cultures were  dependent on amount of virus DNA. Ad5/3-E2F-D24-hTNFa-
IRES-hIL2 therapy also caused induction of IFN-γ and CXCL10 production 
which peaked at day 6 and beyond. The proinflammatory cytokines 
correlated negatively with tumor histoculture viability. This indicates that the 
virus can cause a change in the tumor towards a proinflammatory 
microenvironment. It has been shown that this supports tumor infiltration, 
which in turn is often associated with positive patient outcome (Mita et al., 
2018).  Furthermore, the virotherapy induced several TNF-α and IL-2 
dependent changes in TILs of the ex vivo culture. The activation status of 
CD8+ T cells were increased overall, as measured by number of CD69+ 
CD45+ CD4- CD3+ CD8+ cells. As these are T cell activation markers, their 
activation is expected to lead to cytotoxic activity and death of tumor cells. 
However, as often in immunology most reactions have an counter reaction. 
In the case of CD69, it has also been shown that it can indicate T cell 
exhauston and could be a marker for poorer prognosis (Mitaet al., 2018). 
A trend for lower numbers of D4+CD69+ TILs on day 6 and beyond was 
observed during oncolytic adenovirus therapy in comparison with the vehicle 
control group. When CD69 mean fluorescent intensity (MFI) expression of 
CD4+ cells  was measured, 3 out of 5 samples showed statistically 
significantly higher expression.   
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The overall number CD25+ cells out of measured CD4+ EpCam- CD8- cells 
was greater in virotherapy-treated cells, while expression of CD25 was not 
statistically significantly changed in CD4+ cells (based on MFI). 
 
To analyze the effect of TIL therapy on patient samples, patient samples were 
depleted of CD3+ cells and TILs from each sample were cultured and 
expanded. These products contained mostly CD8+ TILs (65.5%), followed by 
CD4+ TILs (26.4%) and CD3+CD56+ natural killer (NK) T cells (3.3%). The 
CD3- fraction included 14.8% NK cells and <2 % of CD4+CD25+FoxP3+ T regs 
at day 14 when patient ex vivo cultures were treated with this TIL therapy in 
combination with virotherapy or control treatment. IFN-γ levels were 
measured on three different days. These measurements showed already 
enhanced IFN-γ production in two samples on day 2 and peaking at day 7 with 
high concentrations of IFN-γ in four out of six samples. The differences were 
statistically significant compared to mock-treated samples. 
 
To determine the mechanism of the tumor-destroying reactions that was 
boosted by virotherapy, we further characterized the expanded TIL cell subset.  
By day 7, Ad5/3-E2F-D24-hTNFa-IRES-hIL2 therapy had substantially 
increased the presence of CD8+ TILs compared to control treatments; mock 
and Ad5/3-E2F-D24, in sample OVCA #1, OVCA #3 and OVCA #4. In sample 
OVCA #2P, the same reaction could be measured in the Ad5/3-E2F-D24 
treatment group. Interestingly, IFN-γ concentration correlated with decrease 
in the presence of CD8+ TILs (p=0.0015). In contrast, higher IFN-γ 
concentrations correlated with higher percentage of CD4+ cells, and four out 
of six cultures had higher percentage  of CD4+ cells post culturing in the 
virotherapy group. Still, the cytokine environment created by TILT-123 
seems to support an cytotoxic cell population, also shown to be beneficial in 
terms of tumor size reduction in other studies (Havunenet al., 2017). 
The marked differences in the IFN-γ responses led us to hypothesize that PD-
1/PD-L1 status could be driving the reaction. In ex vivo cultures, only one 
tumor showed significantly fewer PD-L1 positive cells after virotherapy on 
day 3; the difference diminished by day 6. There were no significant 
differences in MFI of PD-L1 measured on either time point. 
IHC analysis revealed that samples with low PD-L1 expression additionally 
had lower infiltration of CD4+ and CD8+ cells. A strong correlation between 
high PD-L1 expression and IFN-γ expression co-occurred with high CD4+ 
cell count.  
Despite the existence of multiple immune targets in the tumor 
microenvironment of patients with ovarian cancer, usage of immunotherapies 
have not shown consistent clinical efficacy. This may be due to differences in 
patient inclusion criteria or the clinical protocol. (Drakes and Stiff, 2021;Son 
et al., 2022). In this study, TIL-based treatments have demonstrated 
promising results in patients with ovarian cancer, supporting the use of TILT-
123 and T ACT in treatment of ovarian cancer patients. 
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7.4 LYMPHOCYTES AS VIRUS CARRIERS (IV) 

Several studies have shown that combining oncolytic virotherapy with cellular 
therapies generally result in good antitumor efficacy (Havunenet al., 2017). 
The reason behind the formed synergy can be due to several factors. One of 
them could be the efficient transportation of viruses by the administered cells 
to the tumor site. For example, mesenchymal cells have been shown to 
improve the delivery of oncolytic adenoviruses (Garcia-Carbonero et al., 2017).  
 
The effects of T cells on tumors are numerous. It is known that T cell 
infiltration and patient outcome correlates and several studies show that TIL 
therapy can generate great, tumor diminishing results (Dieciet al., 2015).  
It is also known that Adenoviruses can bind to T cells, and that the virus used 
in this study (TILT-123) has been modified to express cytokines that enhance 
T cell therapy. Building upon this information we formed a hypothesis: maybe 
TILs could be used as virus carriers when mixed together and injected 
intravenously. Furthermore, maybe TIL’s preferential infiltration into tumors 
could potentially lead to both TILs and viruses to the tumor, providing 
additional therapeutic benefits compared with virotherapy alone. Intravenous 
administration is also relativeliy easy and arguably more safe to perform than 
intratumoral injections, and it could enhance rapid spread of the virus (to also 
distant and micro-tumors). 
 
The results gathered in our study support our hypothesis that TILs can support 
virus transport to the tumor. Firstly, we proved in vitro that viruses attach to 
both human and hamster T cells, thus suggesting that the cells can be used as 
“virus delivery vessels”. This experiment was followed up by an in vivo Syrian 
hamster model, in which lymphocyte + adenovirus treatment enhanced virus 
presence in tumors and showed better anti- tumor efficacy compared to mock, 
or only virus treated hamsters on day 5 (not statistically significant). The 
reduction in tumor size might have been caused by the combined effect of both 
antitumor activity and the changes in intratumoral immune cell populations, 
which have also been shown in previous studies, as well (Cervera-Carrasconet 
al., 2020b;Havunenet al., 2021). The combination of TILT-123 and TILs in 
tumor-bearing immunocompetent Syrian hamster can change the immune 
cell composition and induce the infiltrations of TILs (Cervera-Carrasconet al., 
2020a;Donia et al., 2012;Havunen et al., 2018), which are indicative of a 
induction of immune cell mediated clearance of the tumor. 
 
Continuing the investigation, an in vivo NOG mouse model was used. 
Engrafted HAPT1 tumors were treated with vehicle, intratumoral virus + 
intraperitoneal TILs, virus only (intratumoral), or a mixture of virus and TILs 
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administered intravenously. This model was chosen because hamsters lack 
suitable veins to do intravenous injections.  
This experiment showed a trend that the premixing enhances virus delivery to 
the tumor and induces lymphocyte infiltrations compared with (intravenous) 
virus alone.  
 
 The results from the animal experiments give insight into how delicate animal 
work is. In such a complex setting, timing is of essence. In order for the 
sampling to show proper results, the virus has to reach the tumor and the 
sampling has to happen during the right time. This might be the reason for the 
lack of statistical significance in the results. More time points, re-evaluating 
the dosing of TILs and virus could be considered in future trials. This being 
said the results are still showing consistent trends of animals benefitting from 
treatment with the combinatorial therapies.  
 
This study, like the field in general, has suffered from the lack of suitable 
models (Rincónet al., 2017). To combat this, some have used patient derived 
xenografts. Unfortunately these are hard to generate in NOG mice. 
Furthermore, creating TILs from patient samples for reduction of 
incompatibility issues is challenging.  
 
 
Similar studies, performed with VSV and HSV viruses and carrier cells, have 
shown positive results. Interestingly, VSV, VV and HSV might enter T-cells, 
while studies indicate that adenoviruses only bind to the surface of T-cells. For 
example there’s indications that PBMCs are resistant to recombinant serotype 
5 adenovirus infection (Bauerschmitz et al., 2006;Zafaret al., 2020). Data also 
suggest that the 5/3 chimeric adenovirus might bind to the lymphocyte 
membrane, from where it can supposedly more easily be released into tumors 
(Sengupta et al., 2011;Zafaret al., 2020). Furthermore, it is proposed that 
chimeric (5/3) adenoviruses use Desmoglein-2 as their receptor, which is 
minimally expressed by T cells. In another study, transduction of T-cells was 
achieved when an RGD-fiber was inserted in the HI-loop of the fiber 
(Senguptaet al., 2011). These modified viruses have been recorded to 
transduce several cell types, such as DCs and T cells.  
 
 
One can speculate about the reasons behind the slightly differing results in this 
study’s animal models using TILs compared to other preclinical and clinical 
studies. For example, it has been shown that expanding TILs from tumor 
tissue creates mostly an activated population of tumor reactive T cells, but at 
the same time, there’s a population of TILs that are not significantly reactive 
(Hall et al., 2016). These cells might benefit from activation by mature antigen-
presenting cells (APCs), such as dendritic cells (DC). Dendritic cells are not 
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functional in immunocompromised mice. This might have affected the results 
in this study, causing a modest effect of TIL therapy. 
In conclusion, even though a slight enhancement of antitumor activity was 
shown, some optimization in sampling and administration, in order to achieve 
great results, might be needed. However, still in light of the results, T cells as 
virus carriers remains a promising tool that could show great results in actual 
clinical therapeutic settings. 
 
 

8 CONCLUSIONS AND FUTURE 
PROSPECTS 

 
The results gathered in this study show that oncolytic virotherapy is an 
promising tool for cancer treatments. The uniqueness and benefit from most 
viruses over more traditional medications are their ability to both directly kill 
cancer cells by lysis and further more activate several signaling cascades 
leading to immune activation towards cancer. Currently, several adenovirus 
vectors are in clinical trials (in June 2022, 49 clinical trials were “actively 
recruiting” in clinicaltrials.gov, when the search term “adenovirus and 
cancer” was used), indicating that there’s an interest in the field and 
encouraging pre-clinical results supporting the development of these vectors. 
Currently, TILT-123 has entered phase 1 clinical trials, with positive interim 
results that were presented at ASCO (Inge-Marie et al., 2022). 
 
Even though immunotherapies such as virotherapy have shown promising 
results, it still isn’t “one treatment fits all”- solution. Especially since there 
aren’t currently any virotherapy solutions for treating blood cancers on the 
market in Europe. Therefore, more work needs to be done before all patients 
can be treated and cured.  
The strength of oncolytic adenoviruses lies in the way they can effectively 
transform the TME and induce immune responses and lyse cancer cells, both 
through inherent mechanisms and by genetic modification in the laboratory 
(addition and removal of genes that affect the immune system)(Cervera-
Carrasconet al., 2020b;Santos et al., 2020). For example the concentrations of 
IL-2 that is required for a therapeutic effect is toxic when administered 
systematically. However, when a virus such as TILT123 is expressing IL-2 at 
the infection site, the concentration is locally high enough to cause a positive 
impact on the TME, but not high enough elsewhere to cause systemic effects. 
Thus, oncolytic viruses show potential to be a method to overcome therapeutic 
resistance and recurrence (Cervera-Carrasconet al., 2020b). At least 
theoretically, viruses could be tailor made for each patient, if production, cost 
and safety related issues can be solved. Research have uncovered the 
complexity of cancer as a disease. Consequently, as each tumor is unique, 
there’s an interest and probably a benefit from more personalized treatment 
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plans. However, unfortunately, hurdles such as cost, time issues and safety still 
limits the tailor-made development of oncolytic viruses. 
 
For a greater results, some factors, such as administration, still limit the 
efficiency of oncolytic viruses in general and should be resolved. Scientist and 
doctors generally agree that intravenous injections or pills would be the easiest 
way to treat patients, but currently, most oncolytic viruses are administered 
intratumorally. This method has its limitations: some tumors are not 
injectable and can not be reached by a needle safely. Also, this requires 
equipment and expertise from the medical professional who is injecting. 
However, intravenous injections are not without problems either. For 
example, neutralizing antibodies and clearance of viruses from the blood by 
Küpffer cells are also considered as issues to be solved before intravenous 
administration can be given without hesitation (Ahi, Bangari and Mittal, 
2011). In our study, we showed that a potential way to avoid neutralization 
would be to mix oncolytic viruses with lymphocytes prior to administration. 
Then, the virus can “hitch-hike” on the cells, to the target unnoticed. When the 
virus reaches the tumor there’s also the benefit of local immune activation 
through TAA spread, production of cytokines or transgene production. 
Furthermore, some data has been presented that some oncolytic viruses such 
as TILT-123 is able to induce an abscopal effect on top of being able to travel 
to distant tumors. This means the immune compartment is trained and 
activated by the presence in a virus at one site which is then translated into an 
anti- tumor effect in distant tumors as well (Havunenet al., 2018;Quixabeira 
et al., 2022). This is an important factor of virotherapy as some commonly 
used cancer treatments are local and will not treat all tumors in the body. 
Methods such as surgery or radiation can not be performed if the tumor is too 
small to be noticed by common detection methods. 
 
In order for new drugs to be available for use in the clinic, rigorous testing, in 
vitro, in vivo and in clinical trials, coupled with detailed reporting to 
regulatory agencies has to be done prior to acceptance. This requires a lot of 
time and money, thus favoring the success of privileged few (such as rich 
companies and scientists in rich countries). This delays the development of 
new medications and solutions to diseases. Eventually, when the developed 
drug has finished clinical trial testing, studies show that 90 % of drugs fail and 
does not reach their endpoint, causing a huge financial burden on the drug 
developer (Sun et al., 2022). This is then often paid by future customers, in 
other words; innocent patients. Therefore, solutions should be sought, without 
compromising patient safety. Development of better pre-clinical testing 
methods (AI, biomarkers, new machines etc.) and making clinical testing less 
burdensome, could be ways to address these issues. Also, fast- tracking studies 
investigating combinatorial treatments with previously approved medicines, 
could be considered, due to previous safety and efficacy data. For example, 
there’s an excitement about the plausible combination of oncolytic viruses and 
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immune checkpoint inhibitors. With TILT-123 there’s encouraging data, 
showing that in vitro and in vivo this combination enhances outcome 
(Cervera-Carrasconet al., 2020b). New combination therapies could be an 
easier way to provide more personalized therapies and should be even more 
utilized in patient care in the future. 
 
Virologist work hard to find and characterize viruses that are new to science. 
Some of these viruses have different characteristics from well known viruses, 
such as tolerance for extremely hot or saline habitats and some have unique 
morphology and capsid compositions. In the future, it would be interesting to 
see the potential of these less well known viruses. Maybe these novel viruses 
could provide answers to current issues and thus could be utilized for 
successful cancer therapy. 
 

9 SUMMARY 
Adenoviruses are versatile tools. They can be relatively easily modified by 
insertion or deletion of genes and can withhold their infectivity well. 
Furthermore, many genes can be inserted simultaneously without major loss 
of function. Adenoviruses are also considered safe, because few adverse 
events have been recorded and adenovirus treatments are tolerated well both 
in in vivo and in conducted human trials.  
 
The adenovirus TILT-123 is an efficient tool to treat cancer and its effect 
seems to be enhanced by simultaneous administration of T cells. This effect 
may be due to the ability of adenoviruses to “hitch hike” on lymphocytes and 
because the production of TNF-α  and IL-2 by the virus has positive effects 
on the immune compartment and TME of the tumor.  
 
TILT-123 therapy causes both adaptive and innate immune reactions. PRR 
receptors are in a important role in early detection and reaction towards 
threats to the body. TILT-12 activates PRR receptors such as AIM2, but 
surprisingly (in tested conditions) not TLR9. To further augment TILT-123 
effects, combinatorial treatments that affect PRR receptors are attractive 
alternatives that should be studied in more detail.  
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