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Abstract
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Various forms of cancer immunotherapy have developed rapidly with improved survival and
quality of life for cancer patients. Cancer immunotherapy aims to educate the patient’s immune
system to eliminate cancer cells, including immune checkpoint inhibitors (ICIs), adoptive cell
transfer (mostly T cells), oncolytic viruses (OVs) and cancer vaccines. Especially ICIs have
induced durable responses in patients with many different types of cancers. Chimeric antigen
receptor (CAR)-T cell therapy has shown good efficacy in treating hematologic malignancies.
However, there is still a significant number of patients that do not benefit from these treatments
due to immune evasion. Strategies to modify cancer immunotherapies with immunomodulating
agent needs to be investigated to maximize the effect of immunotherapy. Helicobacter pylori
Neutrophil Activating Protein (HP-NAP) could be used as an immunomodulating agent to
recruit, activate and mature immune cells, such as dendritic cells (DCs), monocytes and
neutrophils, and also induce T helper type 1 (Th1)-polarized response. In this thesis, we
examined to arm oncolytic virus or CAR-T cells with HP-NAP.

Papers I and II investigate oncolytic viruses. In paper I, we investigated wild-type Adenovirus
(Ad), Semliki forest virus (SFV) and Vaccinia virus (VV), for their ability to mediate lysis
of tumor cells, which was found to be associated with the release of danger-associated
molecular patterns (DAMPs) and subsequently triggered phagocytosis and maturation of DCs.
However, only SFV-infected tumor cells triggered significant Th1-cytokine release by DCs and
induced antigen-specific T cell activation, while VV induced immunosuppressive responses.
In Paper II, we armed VV and SFV with the tumor-associated antigen GD2 and HP-NAP. We
found that arming these OVs with HP-NAP resulted in distinct anti-tumor immune response
and therapeutic benefit. VV-GD2m-NAP showed significantly increased therapeutic efficacy
compared to VV-GD2m, associated with elevated antiGD2 antibody production. In contrast,
there was no additive antitumor effect for SFV-GD2m-NAP compared with SFV-GD2m. Due
to intrinsic properties of OVs, engineering OVs with immunomodulating agents needs careful
consideration. Engineering SFV or similar viruses, which is very immunogenic, should focus
on improving oncolysis, de-bulking tumor and release of tumor-associated antigens, while for
VV or similar viruses, with immunosuppressive properties, the focus can be on arming the virus
with immune modulators to improve anti-tumor immune response. Papers III and IV investigate
CAR-T cells. In paper III, CAR-T cells were engineered to inducible secrete HP-NAP upon
antigen recognition (CAR(NAP)-Ts). CAR(NAP)-Ts successfully reduced tumor growth and
prolonged survival of mice in several solid tumor models with epitope spreading and initiated
endogenous anti-tumor immune responses. Secreted HP-NAP created an immunologically
hot tumor microenvironment with enhanced infiltration of immune cells (DCs, neutrophils,
macrophages, and cytotoxic natural killer cells). In paper IV, we developed CAR T cells
targeting CD20 (rituCD20CAR T cells). We found that rituCD20CAR T cells could efficiently
kill CD20-positive lymphoma cell lines (U2932, Karpas422, DB, U698, Raji, Daudi) as well as
primary mantle cell CD20-positive lymphoma (CD20+ MCL) cells accompanying with IFNγ
secretion. Both rituCD20CAR and NAP-armed rituCD20CAR(NAP) T-cell treatment delayed
tumor growth and prolonged mice survival in the murine lymphoma A20-hCD20 model. In
summary, combing OVs and CAR-T cells with the immunomodulating agent HP-NAP is a
promising way of maximizing the benefit of immunotherapy to combat cancers.
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“Do not follow where the path may
lead. Go instead where there is no

path and leave a trail.” 
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The Human Immune System 

The immune system is a host defense system with a complex network of spe-
cialized cells, tissues, organs and effector molecules that can recognize, de-
fense against and remember millions of different enemies, such as foreign mi-
crobes (bacteria, fungi and parasites), virus, toxins as well as endogenous can-
cer cells. The immune system consists of lymphoid organs that control the 
production and maturation of immune cells. The key primary lymphoid organs 
are the thymus and the bone marrow, which provide an environment for pro-
duction and early selection of lymphocytes. The secondary lymphoid organs 
are the places where the immune cells get “educated”. These organs mainly 
include the spleen, lymph nodes, tonsils and other specialized tissues in the 
mucous membranes of the bowel. 

The Innate and Adaptive Immunity 
The immune system can be simply divided into two “lines of defense”: innate 
immunity and adaptive immunity. 

Innate immunity represents the first line to defense against invaders. It is 
an antigen-independent defense that can fight back immediately or within 
hours upon encounter with pathogens to protect the host. Innate immunity 
consists of many components, including physical barriers like the skin and 
mucous membranes, phagocytes such as macrophages, neutrophils, mast cells 
and natural killer (NK) cells, as well as inflammatory cytokines released by 
infected cells and immune cells [1]. The innate immune response can rapidly 
recognize a wide variety of pathogens sharing common structures which are 
named pathogen-associated molecular patterns (PAMPs) through their pattern 
recognition receptors (PRRs). Once an infection agent enters the host, innate 
immune cells can rapidly be recruited to the site of infection and release in-
flammatory cytokines and chemokines such as tumor necrosis factor (TNF), 
interleukin (IL)-1 (IL-1) and IL-6, to initiate a local inflammation to clear the 
pathogen [1]. 

Unlike the innate immune response, adaptive immunity is antigen-de-
pendent and can distinguish “non-self” from “self” antigens in a refined man-
ner. It takes more time to develop an adaptive immune response as specific 
cell clones must be educated and expanded. Another feature of adaptive im-
munity is that it can develop an immunologic memory which can trigger a 
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faster response if the same pathogen attacks again. There are two types of 
adaptive immune responses: the cell-mediated immune response, which is 
mainly mediated by T cells, and the humoral immune response, which is car-
ried out by B cells. 

T cells are the main cells involved in destruction of cells infected by path-
ogens and elimination of tumor cells. T cells are activated and expanded 
through engagement between the T-cell receptors (TCRs) and antigen present-
ing cells (APCs) carrying specific foreign or mutated peptides presented on 
the major histocompatibility complex (MHC) molecules. Cytotoxic CD8+ T 
cells (CTLs) attack target cells by releasing substances, most importantly per-
forin, granzymes and Fas-ligand (FasL), as well as secretion of chemokines 
and cytokines such as interferon-γ (INF-γ) and tumor necrosis factor while 
CD4+ T helper cells (Th) primarily mediate the immune response by releasing 
cytokines that can affect other immune cells, such as antigen present cells 
(APCs), B cells and CTLs [2]. After clearing an infectious pathogen, most T 
cells die and are cleared by phagocytes and only a few cells remain as memory 
cells that can be quickly re-expanded into large amounts of effector cells to 
eliminate the same pathogens at a later occasion. Unlike T cells, B cells can 
recognize antigens directly through B-cell antigen receptors (BCRs), which 
are membrane-bound immunoglobulin expressed on the surface of B cells. 
When B cells are specifically activated by a target antigen, they proliferate 
and differentiate into antibody-secreting plasma cells and/or memory B cells. 
The antibodies produced by plasma cells then enter the circulation and tissues 
and eliminate pathogens by specifically binding to antigenic epitopes on the 
surface of pathogens, leading to clearance through complement activation or 
antibody-dependent cellular cytotoxicity (ADCC) via Fc receptor-mediated 
engulfment by phagocytes [3]. Similar to T cells, most plasma cells undergo 
apoptosis after the pathogen has been cleared. However, pathogen-experi-
enced memory B cells are retained and they can response rapidly to produce 
large amounts of antibody when the same infectious agents attack again. 

Antigen presentation 
T cells get activated by recognizing proteolyzed antigens through their TCRs, 
which interact with antigenic peptides presented by MHC molecules on the 
surface of APCs. CD8+ T cells recognize peptides associated with MHC class 
I (MHC-I), while CD4+ T cells recognize peptides bound to MHC class II 
(MHC-II). CD8 and CD4 function as co-receptors to strengthen the TCR in-
teractions by direct interaction with the MHC-I and MHC-II molecules, re-
spectively. 

MHC-I molecules are expressed by all nucleated cells. Antigen peptides 
are generated from endogenously expressed self and non-self-proteins, which 
are degraded by cytosolic proteasomes and then transferred to endoplasmic 
reticulum (ER) via transporter associated with antigen presentation (TAP) and 
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loaded onto MHC-I. Chaperone proteins, such as calreticulin, ERp57, protein 
disulfide isomerase (PDI) load into MHC-I to stabilize them before a peptide 
binding. When a processed peptide (typically 8-9 amino acids) is loaded into 
the peptide-binding groove of MHC-I, the chaperons are released and the pep-
tide-MHC-I complex is then translocated to the cell surface to present the pep-
tide to CD8+ T cells [4, 5]. 

Unlike MHC-I, MHC-II molecules are primarily expressed on professional 
APCs including dendritic cells, macrophages and B cells, and present peptides 
derived from exogenous antigens, taken up by the APCs, to CD4+ T cells. In 
the ER, transmembrane α and β-chains of MHC-II and invariant chain (Ii) are 
assembled to form Ii-MHC class II complex (MIIC), which in turn is trans-
ported into a late endosome. In MIIC, Ii is digested into class II-associated Ii 
peptide (CLIP) that binds into the peptide-binding groove to form 
MHCII/CLIP complex [6]. Chaperone proteins HLA-DM facilitates loading 
of a specific peptide (typically 15-24 amino acids) to assemble peptide-MHC-
II complex by releasing CLIP [7, 8]. The matured peptide-MHC-II complex 
are transported to the cell membrane and present the peptide to CD4+ T cells. 

The presentation of exogenous antigens on MHC-I is the third antigen 
presentation process termed cross-presentation. Dendritic cells (DCs) are the 
most efficient cross-presenting APCs to present the peptides derived from ex-
ogenous proteins to CD8+ T cells. Efficient cross-presentation has been shown 
crucial for initiation of cytotoxic CD8+ T cell responses against cancer [9, 10]. 

T cells activation and polarization 
The precursor T cells, termed thymocytes, develop from bone marrow-derived 
hematopoietic stem cells (HSCs). After entering the thymus, the thymocytes 
complete their maturation and undergo the positive and negative selections to 
become naïve T cells. During positive and negative selections, the receptors 
of thymocytes are tested for the interaction with self-peptides on MHC mole-
cules to generate T cells able to recognize self MHC but not “self” antigens. 

Once naïve T cells leave the thymus, they travel through the blood to pe-
ripheral lymphoid tissues such as lymph nodes, where they encounter antigens 
and consequently get activated. The fate of naïve T cells is determined by three 
signals that are provided by pathogen-primed matured APCs (Figure 1). The 
antigen stimulatory signal 1 is from the ligation between TCRs and pathogen-
derived peptides presented by MHC molecules on APCs, which determines 
the antigen-specificity of the response. The co-stimulation signal 2 is mainly 
the interaction between CD28 on T cells, and B7-1(CD80) and B7-2(CD86) 
on APCs [11, 12]. In the absence of the co-stimulatory signal, T cells become 
anergic, which might induce tolerance. TCR stimulation and co-stimulation 
signals are required for naïve T cells developing into protective effec-
tor/memory cells, normally accompanied by secretion of selective sets of cy-
tokines that determines the fate of the T cells. CD8+ T cells differentiate into 
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CTLs while CD4+ T cells becomes helper T (Th) cells of various kind such 
as Th1, Th2, Th9, Th17 or regulatory T cells depending on the cytokine envi-
ronment, which is regarded as signal 3. 

Figure 1. T-cell stimulation and T helper (Th) polarization require three DC-
derived signals. Signal 1 is the antigen-specific signal that is mediated through the 
T-cell receptor (TCR), triggered by peptide MHC complex. Signal 2 is the co-stimu-
latory signal, mainly mediated by triggering of CD28 binding with CD80 and/or
CD86 on the DC. Signal 3 is the cytokine factors secreted by DCs and other cells
that direct T cell polarization.

Dendritic cells (DCs) are one of the main APCs important for Th cell polari-
zation. DCs usually reside in peripheral tissues at an immature statue. For ex-
ample, classical myeloid CD11chi DCs always reside in the epithelia of skin 
and mucosal tissue [13]. When immature DCs encounter and recognize path-
ogens through PRRs, such as toll-like receptors (TLRs) [14, 15], they take up 
cell debris from infected cells, upregulate expression of costimulatory mole-
cules, mature into immunostimulatory effector mature DCs and migrate to 
draining lymph nodes for education of T cells [16, 17]. 

After arrival in the lymph node, mature DCs provide signals to naïve Th 
cells: 1) Antigen-specific signal 1, which triggers TCRs by pathogen-derived 
peptides-MHC-II complex on CD4+ T cells; 2) costimulatory signal 2, which 
prevents the development of tolerance. The combination of signal 1 and signal 
2 results in antigen-specific activation of naïve T cells and development into 
effector/memory cells. In addition, mature DCs release polarizing cytokines, 
called signal 3, which determine the phenotype of effector Th cells, including 
Th1, Th2, Th17 or regulatory T cells [18]. Interleukin-12 family members IL-
12, IL-23 and IL-27 [11, 19] and interferon γ (IFN-γ) are the critical cytokines 
for promotion of the development of Th-1 cells and cytotoxic T cells to de-
fense against intracellular virus, bacteria and cancer cells [20-22]; IL-4 are 
critical for Th-2 immune response, which is important for the induction the 
humoral immune response to eradicate extracellular parasites and bacterial in-
fection [23]; IL-10 [24] and transforming growth factor-β (TGF-β) induce 
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Tregs [25, 26] , while the combination of TGF-β and IL-6 induces Th17 re-
sponse [27, 28]. Through cross-presentation the mature DC can also provide 
all signals needed for activation of CD8+ T cells. 



 18 

The immune system in cancer 

Cancer immunotherapy has established itself as an effective treatment over 
the last decade. Unlike more conventional cancer treatment, immunotherapy 
aims to cure patients by educating the host immune system to initiate anti-
tumor responses and eliminate cancer cells. William Coley was the first per-
son attempting to harness the immune system for cancer treatment in the late 
19th century. Coley used a mixture of bacteria, known as “Coley’s toxin”, to 
treat cancer patients and achieved favorable responses in some types of ma-
lignancies [29]. Unfortunately, the early attempt of immunotherapy did not 
attract oncologists’ attention due to the lack of knowledge about the mecha-
nism involved and the high risk of systemic bacterial infection [30]. With bet-
ter understanding of the relationship between cancer cells and the immune 
system, the concept of cancer immunotherapy resurfaced during the last dec-
ades and propelled the development of new immunotherapeutic approaches to 
fight against cancers [29]. Clinical studies, translating basic findings and un-
derstandings, have shown the true potential of cancer immunotherapy. An im-
portant recognition of this is the 2018 Nobel Prize for Physiology or Medicine 
awarded to James P Allison and Tasuku Honjo for the discovery and use of  
immune checkpoint blockade [31].    

Cancers are genetic disease caused by genetic mutations and epigenetic 
modulation, which lead changes of amino acid composition of cellular pro-
teins and facilitate cells immortalization and outgrowth. T cells has the poten-
tial to recognize mutated “non-self” or “unnatural” proteins in cancer cells and 
protect the host [32]. When cancer cells die, they can release their antigenic 
load, which mostly consists of self-antigens but also mutated or over-ex-
pressed tumor-associated antigens (TAAs). These antigens can be captured by 
APCs, such as DCs. The DCs can get activated and matured, and present the 
captured antigens on MHC molecules. Then the matured DCs can migrate to 
draining lymph nodes and prime and activate of T cell recognizing the TAAs. 
The activated effector T cells then traffic into the circulation and can infiltrate 
into tumor to kill tumor cells expressing the TAA. During destruction of tumor 
cells, more TAAs will be released accompanying with inflammatory cyto-
kines secretion, which will further recruit more immune cells into the tumor 
and activate more DCs, thus promoting the cycle to continue. This cyclic 
events are known as the cancer-immunity cycle [33] (Figure 2). 
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Figure 2. The Cancer-Immunity Cycle. The generation of immunity to cancer is a 
cyclic process that can be divided into seven major steps. Dead cancer cells release tu-
mor antigens that can be taken up and cross-presented by APCs and prime effector T 
cells (Step 1-3). The antitumor specific T cells will circulate and migrate into tumor 
sites (step 4-5), recognize tumor cells and lysate them (Step 6-7). The lysed tumor 
cells will release new antigens and start another round of the cancer-immunity cycle. 

Cancer cells have the capability to develop multiple mechanisms to escape 
immune recognition and promote cancer development and progression. This 
process is termed cancer immunoediting (Figure 3), which goes through 
three sequential phases known as elimination, equilibrium and escape. The 
elimination phase is the protective phase. During the elimination phase, the 
innate and adaptive immune system work together to detect tumor cells and 
destroy them before they get too aggressive. The tumor cells may express 
stress-induced molecules, such as MICA/B (human) or RAE-1 (mouse), dam-
age-associated molecular pattern molecules (DAMPs) such as HMGB1 [34] 
and type I IFNs [35, 36], which are able to activate resident DCs. These DCs 
can take up tumor antigens and present them to T cells [37] and induce anti-
tumor immune response, as the cancer immune cycle process mentioned 
above. The tumor cells may express NKG2D ligands which make them rec-
ognized by NK cells, thus inhibit tumor cell proliferation. Other immune cells, 
such as macrophages (M1), may also contribute in the elimination phase. 
These immune cells release immunomodulatory cytokines such as IL-12, 
TNF-α, IL-1 to create a pro-inflammatory microenvironment that facilitate the 
induction of tumor antigen-specific immune responses [38]. If tumor cells sur-
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vive through antitumor immune attacks during the elimination phase, they en-
ter the equilibrium phase. In this phase, the tumor cells remain in a dormancy 
state where they are unable to grow in numbers. The relative balance of im-
mune suppressive cells and immune effector cells in the tumor microenviron-
ment is associated with keeping the equilibrium phase [39]. The tumor cells 
could acquire immune evasive mutations and become low immunogenic dur-
ing this phase [38, 40]. Once the tumor cells get the capability to escape im-
mune recognition, these “immune-invisible” tumor cells will enter the escape 
phase and grow progressively. Tumor cell escape may occur through produc-
tion of immunosuppressive cytokines such as IL10, TGF-β, upregulation of 
negative immunoregulatory molecules expression such as IDO and PD-L1, or 
recruitment of regulatory immune cells such as Tregs and myeloid-derived 
suppressor cells (MDSCs) to create an immunosuppressive microenvironment 
at the tumor lesion [41], which further promote tumor growth by inhibiting 
effector immune attacking. 

 
Figure 3. Cancer immunoediting.  Cancer immunoediting is a complex process 
consisting of three sequential phases: elimination, equilibrium and escape. In the 
elimination phase, immune response is triggered to destroy tumor cells. If this phase 
goes to completion, the tumor cells are cleared completely. If a few of transformed 
cells survive through the elimination phase they may enter into equilibrium phase, 
where immunity prevents tumor cell out growth and keeps them in functional dor-
mancy. Immunogenic editing of tumor cells also happens during equilibrium phase. 
If tumor cells become low immunogenic under immune selection pressure, these tu-
mor cells may enter the escape phase with growth beyond the control of the immune 
system. 



 21

Oncolytic virus (OV) therapy and 
Immunogenic cell death (ICD) 

Oncolytiv virus (OV) therapy 
Oncolytic viruses are designed to selectively replicate in tumor cells with min-
imal toxicity to healthy cells as malignant cells have features that favors OVs 
replication. These features involve an immune suppressive environment, dys-
functional type I IFN signaling, uncontrolled proliferation and resistant to 
apoptosis [42]. OVs have shown potential advantages for cancer therapy. One 
reason is that OVs appear to favor specific replication in and lysis of tumor 
cells. A second reason is that OVs can elicit antitumor immunity by releasing 
tumor antigens into tumor microenvironment, which could be cross-presented 
to T cells by APCs [43]. Moreover, the viral genome could be modified by 
deleting or limited expression of virulence genes to reduce pathogenicity [44] 
and/or armed with genes encoding for example cytokines to enhance anti-
tumor activity [45]. Furthermore, OVs are immunogenic cell death (ICD) in-
ducers that could induce cancer cells to release danger signals (DAMPs and 
PAMPs), such as cell surface translocation of calreticulin (CRT) and release 
of ATP and HMGB1 into the extracellular compartment. These characteristics 
have increased the interests of using OVs for cancer treatment. 

T-VEC, one of the most promising oncolytic virus, was approved by Food 
and Drug Administration (FDA) in 2015 and European Medicines Agency 
(EMA) in 2016 for advanced melanoma treatment [46]. T-VEC is developed 
from a herpes simplex-1 virus (HSV-1) engineered by deleting the ICP34.5 
gene for preferential replication in tumor cells and to eliminate neuropatho-
genicity and the ICP47 gene to enhance antigen presentation to promote anti-
viral and anti-tumor immunity, and express granulocyte macrophage colony-
stimulating factor (GM-CSF) which recruits APCs to the tumor microenviron-
ment [47, 48]. Recent clinical data have demonstrated that T-VEC treatment 
can induce antitumor immunity and reverse immunosuppression [49]. How-
ever, like other forms of immunotherapy, there are some challenges that need 
to be considered and addressed for OVs-based immunotherapy, including 
poor delivery and replication in tumor, and inefficient spreading to distant me-
tastases. Pharmacological complementation might be an option to improve vi-
rus spread and distribution [50, 51]. Utility of Histone deacetylase inhibitors 
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(HDIs) has been shown to enhance spread and replication of vesicular stoma-
titis virus (VSV) in cancer cells and promote tumor-specific immunity in ani-
mal models [52]. Another hurdle is the immune response against the OV itself. 
The antiviral immunity may clear OVs and reduce their therapeutic efficacy 
[53, 54]. Therefore, the appropriate injection location and timing should be 
taken into consideration carefully. Local injection of OVs is one strategy to 
bypass this limitation [55]. Using immunosuppressive drugs such as type-I 
IFN inhibitors before OVs administration could dampen antiviral response, 
enhance viral infection and replication in tumor cells and subsequently initiate 
anti-tumor immune response [56, 57]. Many clinical researches have shown 
that OVs immunotherapy as a monotherapy has limited overall efficacy for 
cancer treatment. To broaden effective use of OVs for cancer therapy, combi-
nation therapy with other immunotherapies, especially with cell therapy and 
immune checkpoint inhibitors is a current trend for OV-based cancer immu-
notherapy [49, 55]. 

Immunogenic cell death (ICD) 
Immunogenic cell death (ICD) is a type of cell death that could induce an 
immune response against antigens derived from dead cells [58]. Tumor cell 
ICD is characterized by the release of danger signals (DAMPs) that can recruit 
immune cells to the tumor bed, activate and mature DCs along with engulf-
ment of tumor antigens, and cross-priming of T cells to eliminate tumor cells 
[59]. There are three key DAMPs featured when characterizing ICD, cellular 
surface exposure of CRT, and release of ATP and HMGB1. Surface exposed 
calreticulin (ecto-CRT) act as an “eat me” signal that is important for recog-
nition and phagocytosis by APCs [60]. Extracellular ATP, acts as a “find me” 
signal, and promote immune cells recruiting to the dying cells [61]. Extracel-
lular ATP also could stimulate DC maturation via inflammasome activation 
[62]. HMGB1 promotes DC maturation and facilitates antigen presentation to 
T cells [63]. Conventional therapeutic ICD inducer include chemotherapeutic 
agents (such as Cyclophosphamide and Doxorubicin) and physical reagents 
(photodynamic therapy (PDT) and radiotherapy) [64]. OVs are also potent in-
ducer of ICD that renders the infected cancer cells highly immunogenic [64]. 
OVs could lyse tumor cells accompanying with release of DAMPs as for con-
ventional ICD inducers, but also releasing PAMPs. These DAMPs and 
PAMPs can recruit DCs to the tumor bed and activate and mature them and 
promote TAA phagocytosis by DCs. After migration to lymph nodes, matured 
DCs can present peptides from TAAs to T cells to prime a cellular anti-tumor 
immune response (Figure 4). 
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Figure 4. Properties of immunogenic cell death (ICD) induced by oncolytic vi-
ruses (OVs). OVs infect tumor cells and induce ICD, leading to release of pathogen-
associated molecular patterns (PAMPs), such as double-stranded viral RNA and 
damage-associated molecular patterns (DAMPs), such as CRT, ATP and HMGB1, 
along with tumor-associated antigens (TAAs). This facilitates DCs recruitment into 
the tumor bed, uptake of TAA by DCs and cross-presenting TAAs to T cells, result-
ing in the triggering of an antitumor immune response. 

Oncolytic adenovirus (Ad) is one of the most well-studied OVs used in OV-
based immune therapy and one Adenovirus-based OV named HB101 has been 
approved for head and neck cancer treatment in China [65]. The genome of 
Ads is well-understood and has a large cloning capacity. The adenoviral ge-
nome does not integrate into the targeted cell genome. Ad is a non-enveloped 
virus and compared with enveloped viruses, which release from intact cells 
through budding, Ad infects and replicates in targeted cells and eventually 
destructs cells, which is favorable for oncolysis [66, 67].  hTERT-Ad, an on-
colytic adenovirus with replication controlled by the hTERT promoter, has 
been shown to induce immunogenic apoptosis of hepatocellular carcinoma 
cells, and trigger antitumor immunity [68]. The oncolytic Delta-24-RGD ade-
novirus has been shown to induce autophagic cell death of glioma cells [69] 
and initiate an tumor-specific immune response [70]. When combine onco-
lytic adenovirus Ad5/3-D24-GMCSF with temozolomide (TMZ), this regi-
men could also induce autophagy of tumor cells and induce ICD featured with 
increased ecto-CRT and releasing ATP and HMGB1 into the extracellular tu-
mor microenvironment [71]. This combination therapy in patients with solid 
tumors could induce anticancer specific T cell response and improve overall 
survival [71]. 
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Semliki Forest virus (SFV) is a promising oncolytic virus for central nerv-
ous system (CNS)-related tumor treatment due to its native neurotropism. 
However, SFV has been only used in experimental therapy in animal models 
so far [72, 73], and not yet in any clinical trial. The ICD inducing capacity of 
SFV has not yet been determined. 

Vaccinia virus (VV) is another agent used for oncolytic viral therapy be-
cause of several advantages. One is that VVs have a large genome and the 
potential of incorporating large transgene without disturbing virus replication. 
Another advantage is that VVs replicate in cytoplasm which reduce the chance 
of transgene integration into cell genome and thus reduce the risk of viral in-
sertional oncogenesis [74]. VVdd, a vaccinia virus with TK and VGF double 
gene deletion, induces increased release of HMGB1 and ATP in infected hu-
man breast AT3 cells [75]. JX-GFP+/hGM-CSF, an oncolytic vaccinia virus, 
which is engineered to express GM-CSF, could lyse human melanoma cells 
accompanying with elevated CRT on cell surface and secretion extracellular 
HMGB1. It could also activate and mature DCs and CTLs when combined 
with 5-fluorocytosine (5-FC) [76]. Modified vaccinia virus Ankara (MVA) 
has been shown to induce autophagy of murine bone marrow-derived dendritic 
cells (BMDCs) and subsequently activate OVA-specific T cells, accompany-
ing with increasing secretion of extracellular ATP [77]. 
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T cell-based immunotherapies 

Adoptive T-cells transfer 
T cell-based immunotherapies are the therapeutic strategies that utilize either 
tumor-infiltrated or genetically modified T cells into cancer patients to medi-
ate anti-tumor immune responses [78]. Currently, T cell-based immunothera-
pies are classified into three major types, including adoptive transfer of tumor-
infiltrating lymphocytes (TILs), T cells engineered with T cell receptor (TCR-
Ts) and chimeric antigen receptors (CAR-Ts) [79].   

Dr. S. Rosenberg was the first person that attempted to transfer TILs for 
cancer treatments in mouse models [79, 80] and human metastatic melanoma 
[81]. In the standard TIL treatment protocols, TILs are isolated from resected 
tumors and after expansion ex vivo, infused back into patients after lym-
phodepletion preconditioning by total body irradiation or chemotherapy such 
as cyclophosphamide and fludarabine [78]. The preconditioning regimen 
should create “physical space” by depletion of endogenous lymphocytes and 
decreasing competition for cytokines such as IL-7 and IL-15 [82]. In addition, 
it could remove immunosuppressive cells, such as Tregs, to disrupt a suppres-
sive microenvironment and maintain TIL function [83]. TIL therapy has 
shown promising clinical results especially in melanoma patients [84, 85]. 
Difficulties of anti-tumor TIL isolation and expansion however limits it’s util-
ity [86]. T cell isolation from the blood of cancer patients opens up for the 
production of genetically redirected T cells with anti-tumor specificity to bat-
tle cancer.  

The process of TCR- and CAR T-cell therapies includes modification of T 
lymphocytes from cancer patients ex vivo with a non-viral or viral vector, ex-
pansion of the modified T cells and infusion back into patients. However, the 
mechanisms of tumor antigens recognition are different between these two 
regiments. TCR-T cells are engineered with a defined TCR to recognize a tu-
mor antigen peptide presented by a specific MHC-I molecule [87], while 
CAR-T cells utilize antigen recognition fragments from a tumor antigen-spe-
cific antibody to bind to antigens on the surface of cancer cells. In terms of 
advantages of TCR-T cell therapy, firstly, TCR-T cells could recognize a 
wider range of antigens once including intracellular or cell surface or neo-
antigens presented by MHC-I. Secondly, TCR-T cells retain the natural signal 
transduction pathway of TCRs, and thus could be easily fully activated to in-
itiate cytotoxic activity when meeting tumor cells [88, 89]. A drawback is that 
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TCR-T cell therapy is restricted to a unique MHC-I molecule. Thus, the cancer 
patient must have an HLA haplotype that includes that very MHC-I to be eli-
gible for treatment. Furthermore, tumor cells may also down-regulate surface 
expression of MHC-I as a mean to avoid T cell recognition.   

Chimeric antigen receptor (CAR) T cell therapy 
CAR molecules are hybrid receptors and typically contain an extracellular an-
tigen-recognition domain, a hinge, a transmembrane domain and one or more 
intracellular signaling domains [90] (Figure 5).  

The extracellular-recognition domain is typically a single chain variable 
fragment (scFv) derived from an antibody, which could recognize and bind to 
an antigen expressed on the surface of tumor cells. Unlike native or TCR-
engineered T-cell, the specificity of CAR T-cell is based upon the targeting 
capability of scFv and thereby bypassed MHC restriction and avoids problems 
of MHC-I downregulation. The hinge region, also called as a spacer, is the 
extracellular domain that connects the extracellular-recognition domain with 
the transmembrane domain. Majority of CAR molecules are designed to use 
hinges of immunoglobulin (Ig)-like domain (IgG1, IgG2 or IgG4), CD28 or 
CD8α. The spacers provide the stability of CAR expression and also keep ad-
equate distance to form proper immunological synapse to improve CARs’ ac-
tivity. The transmembrane domain is the region that anchor the CAR mol-
ecule on the T-cell surface. Commonly used transmembrane domains are 
mainly derived from CD3, CD8α or CD28. Proper combination of intracellu-
lar domain with corresponding transmembrane region may improve CAR ex-
pression or stability. Incorporating the inducible T cell costimulatory (ICOS) 
intracellular domain with ICOS transmembrane, enhanced anti-tumor func-
tion and persistence of CAR T cells [91]. The intracellular domain is re-
sponsible for signal delivery into the CAR T cells. It is classically derived 
from the zeta chain of CD3 together with signaling transduction domain of 
costimulatory signal molecules, such as CD28 family (CD28 and ICOS) and 
tumor necrosis factor receptor (TNFR) family (41BB and OX40). Based on 
the number of stimulatory signaling molecules, the CAR T cells can be cate-
gorized into three generations. The first generation CARs only have CD3 zeta 
chain (CD3ζ), which can only deliver activation through signal 1 and induce 
transient T cell activation [92]. One or more costimulatory signal molecules 
are incorporated in the second or third generation CARs to provide costimu-
latory signal 2 that are important for enhancing CAR T cells antitumor func-
tion, prolonging CAR T cells persistence and promoting proliferation [93]. 
Furthermore, a fourth generation CARs have developed to co-express inflam-
matory cytokines, such as IL-12, IL-18, IL-7 or CCL19, or costimulatory lig-
ands, such as CD40-L or 41BB-L, leading to enhanced anti-tumor immunity. 
Such CAR T-cells have been shown to remodel tumor microenvironment for 
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T cell activation and persistence, as well as recruit and activate other endoge-
nous immune cells to generate an immune response against CAR antigen-neg-
ative tumor cells [94-98]. 

 
Figure 5. The structure of four generations of CAR. The conventional CAR con-
sists of a binding domain, the light (VL) and heavy (VH) variable fragments of a 
TAA-specific monoclonal antibody followed by a flexible hinge and a transmem-
brane domain. The intracellular parts are different between the generations. The first 
generation CAR only has the CD3-zeta chain (CD3ζ) signal domain. The second and 
third generation CAR also incorporate one or more co-stimulatory domains (CD28, 
ICOS, 4-1BB, OX40). The fourth generation CARs are typically based on the sec-
ond generation CARs but include inducible secretion of an inflammatory cytokine or 
costimulatory ligands. 

In November 2020, 350 clinical trials involved CAR-T cells were ongoing 
(www.clinicaltrials.gov), mostly in the USA and China. Most of these clinical 
trials are evaluating CD19-specific CAR T cells in hematological malignan-
cies including chronic lymphocytic leukemia (CLL), B cell lymphoma, and 
acute lymphoblastic leukemia (ALL) [99]. High rates of complete remission 
have been demonstrated using CD19 CAR-T cell treatment in the clinics. The 
success has led to approval of three CD19 CAR-T cell products, Kymriah™ 
(tisagenlecleucel) and Yescarta™ (axicabtagene ciloleucel) which are ap-
proved by the Food and Drug Administration (FDA) and European Medicines 
Agency (EMA) for the treatment of ALL and diffuse large B-cell lymphoma 
(DLBCL) [100-102] and TecartusTM (brexucabtagene autoleucel) which is ap-
proved by the FDA for the treatment of relapsed or refractory mantle cell lym-
phoma (MCL) [103]. 

Clinical experience has indicated that CD19 CAR-T cell therapy could in-
duce B-cell aplasia, an “on-target-off-tumor” side effect. This can be managed 
with immunoglobulin infusion treatments [104], especially for children, who 
have weaker humoral immunity [105]. The main adverse side effects of CAR-
T cell therapy are cytokine release syndrome (CRS) and neurotoxicity. CRS 
is driven by massive release of cytokines from infused CAR T cells upon an-
tigen recognition, like interferon-γ, IL-1 and IL-6 [106, 107]. Toxicity of CRS 
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involves symptoms including fevers, cardiac dysfunction and kidney failure. 
CRS can be managed by using steroids and/or an IL-6 antagonist (Tociliumab) 
[108, 109]. Neurotoxicity has also been observed in CD19 CAR-T cell ther-
apy, with symptoms like tremor, seizures and cerebral edema [110]. It is not 
known exactly how neurotoxicity occurs. Based on observations from patients 
with neurotoxicity syndrome, there is a hypothesis that neurotoxicity might be 
mediated by an increased inflammatory cytokine, which lead activation and 
disruption of vascular endothelium, and an increased blood-brain barrier 
(BBB) permeability [111, 112]. In most cases where neurotoxicity occurs, the 
condition usually reversed with only supportive care but in some cases it can 
be fatal.  

CAR-T cell therapy for solid tumor 
Due to the success of CAR-T cell therapy for hematological disease, research-
ers also put a lot of efforts on investigating the possibility of CAR-T cell ther-
apy for solid cancer, such as CAR-T cells targeting epidermal growth factor 
receptor (EGFR) for glioblastoma, or targeting human epidermal growth fac-
tor receptor 2 (HER2) for breast and ovarian cancers, osteosarcomas and gli-
oblastoma multiforme (GBM), or targeting carcinoembryonic antigen (CEA) 
for advanced liver malignancies [30]. However, the translation of CAR-T cells 
therapy to solid tumor treatment has not become successful. There are multi-
ple factors affecting this translation and the main problems are 1) identifying 
a proper target antigen that is uniquely and homogenously expressed on tumor 
cells, 2) T cell trafficking and infiltration into the tumor bed, and 3) the im-
munosuppressive tumor microenvironment.  

It is difficult to select an ideal target for CAR-T cell design. Due to that 
solid tumor cells are derived from healthy cells, most antigens expressed on 
tumor cells are also likely to be expressed on normal tissue cells [113]. GD2 
for example, is over expressed on neuroblastoma cells, but is also expressed 
on normal nerve cells in the brain. GD2 CAR T cells can efficiently kill tumor 
cells but can result in fatal encephalitis [114]. One solution to address this 
obstacle is to make multi-targeted CAR-T cells, in which co-targeting of two 
different antigens in needed to activate CAR-T cells to reduce the risk of CAR-
T cells killing of normal cells. Combination targeting of HER2 and IL13Rα2 
by bispecific CAR-T cells has been shown to be potent in eliminating 
glioblastoma tumor cells [115]. Different from hematological tumors, solid 
tumors are more complex with high tumor heterogeneity, therefore it is 
difficult to find a single target antigen that is expressed by all tumor cells 
within a tumor. Targeting tumor stem cells might be one way to address tumor 
heterogeneity [116].  

In order to control unwanted toxicity induced by CAR T cells, co-expres-
sion of a suicide gene, such as inducible caspase 9 (iC9), truncated EGFR or 



29

HSV-TK, has been used to improve the safety issue [117]. The CAR T cells 
can then be eliminated by addition of the prodrug that is activated by the 
suicide gene. Even if a good target can be identified, the CAR-T cells need 
traffic into the tumor site to kill tumor cells. Physical and chemical barriers 
like stromal cells, low pH, and abnormal vasculature can prevent CAR-T cells 
from entering the tumor. One strategy to address the “getting into” problem is 
to express a chemokine receptor to attract CAR-T cells into the tumor. Local 
secretion of IL-7 and CCL19 by CAR-T cells has showed to improve CAR-T 
cell infiltration and persistence into tumors [97]. An alternative approach is 
local delivery of CAR-T cells directly into tumor, which could also limit sys-
temic toxicity. There is a paucity of clinical trials evaluating the local delivery 
of CAR-T cells into tumors, such as EGFR variant III (EGFRvIII)-targeting 
CAR T cells and IL13Rα2-targeting CAR T cells for glioblastoma and carci-
noembryonic antigen (CEA)-targeting CAR T cells for colorectal adenocarci-
noma [118-121]. 

The immunosuppressive tumor microenvironment is another important is-
sue that needs to be considered. Armored CAR T cells with secretion of cyto-
kines, such as IL-12 and IL-15, have been shown to reshape tumor microen-
vironment and initiate endogenous immune response to destroy CAR antigen 
negative tumor cells [122, 123]. Combination with checkpoint inhibitors is 
another option to enhance CAR-T cell cytotoxicity, prolong their persistence 
and induce expansion [124-126]. 
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Method 

Helicobacter pylori Neutrophil Activating Protein (HP-
NAP) 
The thesis focus on investigating whether Helicobacter pylori Neutrophil Ac-
tivating Protein (HP-NAP) can be used as an immunostimulatory agent to im-
prove responses to cancer immunotherapy. 

HP-NAP is a 150kDa dodecameric protein that acts as a major virulence 
factor of H. pylori infection. It was termed NAP because of its capacity to 
stimulate neutrophils to produce reactive oxygen radicals [127]. HP-NAP 
forms a ball-shaped dodecameric multi-protein and each unit contains four 
helix-bundled subunits (17kDa) [128, 129]. Similar to DNA-binding protein 
and ferritins, HP-NAP has originally been identified as an iron-binding protein 
[128]. Every dodecamer of HP-NAP could bind up to 500 atoms of iron and 
this seems important to keep the dodecamer structure stable [130]. Iron-loaded 
HP-NAP plays an important role in bacterial protection by binding to bacterial 
DNA by reducing the oxidative stress [130, 131]. HP-NAP is considered to be 
a pro-inflammatory molecule, which can induce inflammation in infected tis-
sue and support H. pylori growth by nutrients released from the inflamed tis-
sue [132]. 

HP-NAP exerts a crucial property in recruitment of polymorphonuclear 
leucocytes into H. pylori-infected tissue. HP-NAP can upregulate β2 integrins 
expression on the surface of rolling neutrophils and monocytes in blood ves-
sel, which induce adhesion of leukocytes to endothelium and extravasation to 
infected area [133, 134]. Furthermore, HP-NAP can stimulate PMNs to re-
lease cytokines and chemokines, including TNF-α, which can upregulate ad-
hesion molecules V-CAM and I-CAM [135] on endothelial cells, and secre-
tion of IL-8 (also named CXCL8), macrophage inflammatory protein 1 alpha 
(MIP-1α, also named CCL3) and MIP-1β (also named CCL4) [134]. These 
cytokines and chemokines can recruit more neutrophils, monocytes and lym-
phocytes to infected tissue [134].  

HP-NAP can induce NF-κB activation through Toll-like receptor-2 (TLR-
2) [136]. As an TLR-2 agonist, HP-NAP stimulates monocytes and DCs to 
secrete IL-12 and IL-23, which creates an Th1-rich environment  [136]. HP-
NAP can also induce monocyte and DC activation and maturation by upregu-
lating expression of CD80, CD86 and HLA-DR [136].  Co-culturing T cells 
with HP-NAP has been shown to induce a remarkable increase in the number 
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of IFN-γ secreting T cells and decrease IL-4 producing T cells, which is in 
line with a significant Th1-type immune response [136]. T helper responses 
to allergens usually result in Th2 polarization. For example, mite allergen-
specific Th cells mainly consist of Th2 cells (89%), while Th1 and Th0 cells 
only accounted for 1% and 10%. However, when adding HP-NAP, a signifi-
cant shift from Th2 to Th1 response was observed, inducing increased number 
of Th1 cells (38%) and Th0 cells (33%) and decreased number of Th2 cells 
(29%). Also, these HP-NAP stimulated allergen-specific Th cells showed 
strong cytolytic activity [136]. 

Due to the immune properties and multi-dimensional immune stimulatory 
capacity of HP-NAP, it has been investigated for clinical use, such as for di-
agnosis of H. polyri infection, vaccine development to prevent H. polyri in-
fection and drug development to protect against H. polyri infection or other 
diseases. To diagnose H. polyri infection, an ELISA assay based on recombi-
nant HP-NAP has been developed and evaluated to detect HP-NAP specific 
antibodies in H. polyri infected patients [133, 137]. HP-NAP can be also used 
as a biomarker for prediction of the outcome of H. polyri infected patients 
[138, 139]. For vaccine development, it is an attractive vaccine target candi-
date for prevention of H. polyri infection. Prophylactic vaccination based on 
recombinant HP-NAP can induce high levels of HP-NAP-specific antibodies 
and T cells and protect mice from H. polyri infection [133, 140, 141]. Addi-
tionally, HP-NAP can serve as an immunoadjuvant to enhance the immuno-
genicity of some poor immunogens when expressed concurrently [142].  

Due to that HP-NAP has been shown to induce Th1 response and inhibit 
Th2 response, this protein is an attractive candidate to boost cancer immuno-
therapy. Co-expression of HP-NAP by oncolytic viruses (adenovirus and mea-
sles) has been documented to induced Th1 response and exhibited antitumor 
activity [143, 144]. 
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Present Investigations 

Paper I 
Aims: Immunogenic cell death (ICD) is the form of cell death that can induce 
an immune response through activation of dendritic cells (DCs) and adaptive 
immune cells. Inducers of ICD are characterized by their ability to stimulate 
the release of damage-associated molecular patterns (DAMPs) from dying 
cells, such as extracellular ATP (“find-me” signal), cell surface exposure of 
calreticulin (CRT) (“eat-me” signal), and release of high mobility group box 
1 protein (HMGB1) (activation signal for immune cells). Oncolytic viruses 
are ICD inducer that can trigger antitumor immune response. We aimed to 
investigate the cell death properties of wild type Adenovirus (Ad), Semliki 
Forest virus (SFV) and Vaccinia virus (VV) and characterize their ability to 
induce ICD. 

Major findings: We found that Ad primarily induce autophagy of tumor 
cells, SFV activate immunogenic apoptosis while VV mainly activate necrop-
tosis. All three virus could induce the release of DAMPs from dying tumor 
cells including CRT, ATP, HMGB1 and HSP90, and trigger phagocytosis and 
maturation of DCs. However, only SFV-infected tumor cells were able to in-
duce DCs to secrete Th1 cytokines and initiated antigen-specific T cell acti-
vation in vitro. 

Paper II 
Aims: Oncolytic viruses (OVs) are promising therapeutic agents for cancer 
treatment by tumor selective lysis and induction of anti-tumor immunity. En-
gineering OVs with immune-modulating agents are used to provoke stronger 
antitumor immunity. The neutrophil-activating protein (NAP) from Helico-
bacter pylori is a toll-like receptor (TLR)-2 agonist that can act as chemoat-
tractant and activator of immune cells, such as neutrophils, monocytes, and 
dendritic cells (DCs). NAP has the potential to drive Th1 polarization by cre-
ating an IL-12 and IL-23 enriched milieu. We aimed to analyze whether arm-
ing oncolytic GD2-expressing Vaccinia virus (VV) and Semliki Forest virus 
(SFV) with the immune stimulatory NAP can further enhance their anti-tumor 
immunity. 
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Major findings: We found in the mouse NXS2 neuroblastoma tumor 
model that arming oncolytic SFV-GD2m with NAP (SFV-GD2m-NAP) did 
not improve therapeutic efficacy, compared to unarmed SFV-GD2m. How-
ever, NAP boosted an anti-SFV antibody response. On the other hand, arming 
oncolytic VV-GD2m with NAP (VV-GD2m-NAP) could significantly reduce 
tumor growth and prolonger mice survival in comparison to unarmed VV-
GD2m. This induced a higher anti-GD2 antibody response. These data suggest 
that arming OVs with immunomodulating factor needs careful and critical 
evaluation. 

Paper III  
Aims: Chimeric antigen receptor (CAR)-T cell therapy has received remark-
able successes in treatment of hematological malignancies. However, treat-
ment of solid tumors with CAR-T cells has met multiple obstacles. It is mainly 
due to the immunosuppressive microenvironment in tumor beds and the lack 
of ideal tumor-associated antigen that is homogenously expressed on the sur-
face of tumor cells. Many strategies and approached have been tried to over-
come these obstacles, including arming CAR-T cells with cytokines/chemo-
kines and combination of CAR-T cells therapy with other treatments. Our pre-
vious findings showed that NAP, a major virulence factor for Helicobacter 
pylori, can activate and mature DCs and induce Th1-polarization, which co-
operate to induce antitumor T cell immunity. We therefore armed CAR-T cells 
with inducible secretion of NAP and evaluated whether NAP could enhance 
the antitumor capacity of CAR-T cells for solid tumors. 

Major findings: We observed that NAP secreted from CAR(NAP)-T cells 
upon target antigen recognition promoted DC maturation and Th-1 polariza-
tion, which in return, enhanced the cytolytic capacity of the CAR(NAP)-T 
cells. CAR(NAP)-T cells could successfully reduce/delay tumor growth, and 
promote survival of mice compare with conventional CAR-T cells in various 
murine tumor models. In NXS2-mCD19 tumor model, secreted NAP created 
an immunologically hot microenvironment, enhancing infiltration of immune 
cells (DCs, neutrophils, macrophages, and cytotoxic NK cells), and higher 
levels of Th1-related cytokines and chemokines. Treatment with CAR(NAP)-
T cells induced epitope spreading and initiated an endogenous T cell response 
that recognized and kill also “CAR-antigen-negative” tumor cells. In ovalbu-
min-modified (a non-targeted bystander antigen) tumor models (NXS2-
mCD19-OVA and Panc02-mCD19-OVA), CAR(NAP)-T cells yielded signif-
icantly more OVA-specific CD8+ T cells. And these T cells exhibited acti-
vated (CD69+CD107a+), high proliferative (Ki67+) and memory-like pheno-
type (CD62L+CD44+CD127+). In a heterogeneous tumor model (a mixture of 
CAR antigen negative and positive tumor cells), CAR(NAP)-T cells signifi-
cantly reduced tumor growth and prolonged mouse survival. 
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Paper IV 
Aims: Chimeric antigen receptor (CAR)-T cell therapy targeting CD19 has 
received remarkable success in the treatment of hematological malignancies. 
However, numerous clinical trials have shown that some patients relapse after 
CD19 CAR-T-cell treatment, and that the recurrent cancers can display down-
regulation or complete absence of CD19 (the CAR-target antigen). We aimed 
to develop CAR-T cell targeting CD20 (rituCD20 CAR-T cells) and pre-clin-
ically evaluate their cytotoxic capacity on tumor cell lines and patient-derived 
mantle cell lymphoma (MCL) cells. If effective rituCD20 CAR-T cells may 
be used for patients relapsing with CD19-negative tumors after CD19 CAR-T 
cell therapy. Regarding of a risk of antigen (CD20)-loss after rituCD20 CAR-
T cells treatment, we also aim to arm rituCD20 CAR T cells with NAP to 
induce bystander immune response against other tumor-associated antigens. 

Major findings: For CD19 and CD20 double-positive lymphoma cell lines 
(U2932, Karpas422, DB, U698, Raji, Daudi), we found rituCD20 CAR-T cells 
showed similar cytotoxic capacity and interferon gamma (IFNγ) secretion as 
CD19 CAR-T cells. rituCD20 CAR-T cells could efficiently kill primary man-
tle cell lymphoma cells (CD20+ MCL) accompanied by IFNγ secretion. In 
murine lymphoma A20-hCD20 model, which stably expressed human CD20, 
both rituCD20 CAR-T cell and NAP-armed rituCD20 CAR-T cell treatment 
delayed tumor growth and prolonger mice survival compared to Mock-T cell-
treated mice. 
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Svensk sammanfattning 

Immunterapi har utvecklats snabbt och etablerat sig som en ny behandlings-
form av cancer som i många fall leder till komplett bot även där andra behand-
lingsformer inte längre fungerar. Syftet med immunterapi är att aktivera krop-
pens försvarssystem (immunförsvaret) att känna igen och döda tumörer. Så 
kallade ”checkpointhämmare”, vilka ofta beskrivs som blockerare av T cellers 
broms har visat sig ytterst framgångsrika vid behandling av vissa cancerfor-
mer, likaså har behandling med genetisk modifierade T celler, så kallade 
CAR-T celler nått stor framgång vid behandling av hematologisk cancer. 
Onkolytiska virus och cancervacciner är också under stark utveckling. Den 
största andelen cancerpatienter drar dock tyvärr ännu inte nytta av utvecklade 
immunterapier och strategier för att ytterligare förbättra behandlingarna efter-
strävas. 
 
En virulensfaktor från Helicobacter Pylori som benämns NAP är starkt im-
munaktiverande och skulle därför kunna användas för att ytterligare öka im-
munsvaret mot cancer. NAP har visat sig kunna aktivera dendritiska celler och 
få dem att inducera ett starkt så kallat T-hjälpar typ 1 (Th1) svar, vilket är den 
typ av immunsvar man vill uppnå vid immunterapi. I min doktorsavhandling 
har jag undersökt om onkolytiska virus och CAR-T celler kan förstärkas ge-
nom att bära med sig genen som kodar för NAP.  
 
Delarbete I och II avhandlar onkolytiska virus. I delarbete I analyserar jag i 
detalj den tumörcellsdöd och det immunsvar som orsakas av Adenovirus (Ad), 
Semliki Forest virus (SFV) och Vaccinia virus (VV). Samtliga virus visade 
sig ha förmåga att aktivera immunsystemet men det är enbart SFV som indu-
cerar ett Th1 svar med frisättande av cytokiner och aktivering av dendritiska 
celler och genererande av ett antigenspecifik T-cellssvar. I Paper II modifierar 
jag VV och SFV att uttrycka ett tumörantigen tillsammans med NAP och un-
dersöker deras terapeutiska effekt i in vivo. NAP genererade ett distinkt im-
munsvar och terapeutiska fördelar för VV som ledde det till en signifikant 
förhöjd produktion av antikroppar mot tumörantigenet. Slutsatsen är att vid 
modifiering av SFV, sett virus som är mycket immunogent, bör man fokusera 
på att förbättra den onkolytiska effekten som leder till tumörcellsdöd och fri-
släppande av tumörantigen från tumörcellerna medan för VV, ett virus med 
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immunhämmande egenskaper, bör man fokus på att beväpna viruset med im-
munmodulering, exempelvis i form av NAP, för att förbättra immunsvaret mot 
tumören. 
 
Delarbete III och IV avhandlar CAR-T celler. I delarbete III genererades 
CAR-T-celler med inducerbar utsöndring av NAP. Dessa CAR (NAP)-T cel-
ler var betydligt bättre än konventionella CAR-T celler att bekämpa tumörtill-
växt och förlänga överlevnad hos möss i flertalet solida tumörmodeller. Ut-
söndrandet av NAP skapade en immunologiskt ”het” tumörmikromiljö med 
förbättrad infiltration av immunceller vilket ledde till en aktivering av kropps-
egna T celler som kunde attackera tumören, inklusive tumörceller som sak-
nade det antigen som CAR-T cellerna riktade sig mot. I delarbete IV utveck-
lade vi CAR-T celler riktade mot CD20, vilket är ett antigen som uttrycks av 
lymfom. Vi fann att CD20-riktade CAR T-celler effektivt kunde döda CD20-
positiva lymfomcellinjer samt primära tumörceller från lymfompatienter. 
Både CD20-riktade CAR-T-celler och CD20-riktade CAR(NAP)-T celler 
kunde bromsa tumörtillväxt och förlängde överlevnad hos möss med lymfom. 
 
Min avhandling visar att onkolytiska virus och CAR-T-celler utrustade att 
bära med den starkt immunmodulerande molekylen NAP är lovande för att 
maximera effekten av dessa former av immunterapi för att bekämpa cancer. 
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Future Perspectives 

Immunogetic cell death indced by oncolytic viruses 
Immunogenic cell death (ICD) is a cell death modality that can induce anti-
tumor immune response. Oncolytic viruses (OVs) can, besides infecting and 
lysing tumor cells and releasing TAAs, induce ICD accompanied with release 
of DAMPs that further enhance anti-tumor immunity. The golden standard to 
define ICD is based on its ability to induce protective immunity in a prophy-
lactic setting in vivo. Only if mice get protected from wild-type tumor cells 
challenging after vaccination, the cell death modality is defined as bona fide 
ICD [64, 145]. We have shown that Ad5, SFV, and VV can induce the release 
of DAMPs including CRT, ATP, HMGB1 and HSP90 from dying cells but 
that only SFV infected tumor cells induced release of Th1-related cytokines 
from DCs and initiated antigen-specific T cell activation in vitro. We are now 
evaluating SFV-mediated ICD in different murine models, and investigate the 
pathways involved in immunological consequence induced by SFV-mediated 
ICD. Through dissecting the mechanism of viral oncolysis mediated ICD, we 
aim to provide a better rationale for future OV engineering. 

CAR(NAP)-T cell therapy in the clinic 
Our data from mouse models show that CAR(NAP)-T cells are promising for 
cancer treatment. Our results indicate that CAR(NAP)-T cells can induce en-
dogenous T cells that recognize and inhibit “CAR-antigen-negative” tumor 
cell growth in vivo. We next would like to exam the CAR(NAP)-T cells in 
human patients to evaluate its toxicity and efficacy profile. We have engi-
neered CD20CAR (NAP) T cells and evaluate these cells in immunocompe-
tent murine model. We are developing protocols for human CD20 
CAR(NAP)-T cells to be used for treatment patients with lymphoma, and we 
are currently evaluating of every step involved in engineering of human CAR-
T cells, including comparison of different viral delivery systems and different 
ways to activate and expand CAR-T cells. 
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OVs/CAR-T cell combination therapy for solid tumor 
CAR-T cell therapy has received remarkable success in hematological malig-
nacies. However, for solid tumor CAR-T cell infiltration, an immunosuppres-
sive tumor microenvironment, and antigen heterogeneity are challenges that 
must be overcome. Thus, combination therapies that can address these limita-
tions are needed to improve performance of CAR-T cells in solid tumor. OVs 
could be excellent partners to synergize with CAR-T cell therapy. As de-
scribed above, OVs can kill tumor cells and through ICD modulate tumor mi-
croenvironment from immunologically ‘cold’ to immunologically ‘hot’, 
which favor infiltration and activity of CAR-T cells. We have seen that SFV 
infection is able to generate a Th1 immune microenvironment. We are inter-
ested to evaluate the safety and efficacy of combination of CAR(NAP)-T cells 
with SFV infection for solid tumor treatment. 
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