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PREFACE 

Microbiology has evolved from being a discipline solely 

focused on the identification of microorganisms into a multifaceted 

and dynamic science that directly influences human health, the 

environment, and modern therapeutic approaches. Today, the rise of 

antibiotic resistance, complex microbial interactions, advanced 

diagnostic technologies, and biotherapeutic applications are 

reshaping microbiology as an interdisciplinary research field. 

The primary aim of this book is to comprehensively address 

recent advancements in microbiology from clinical, molecular, and 

applied perspectives. It covers a broad range of topics, from 

infectious diseases and microbial regulation of the immune system 

to antimicrobial resistance genes and the role of microbial biofilms 

in pathogenesis. Furthermore, the book explores innovative 

approaches such as the therapeutic use of viruses in cancer treatment, 

as well as the diagnosis and treatment of localized microbial 

infections like ocular infections, and up-to-date diagnostic strategies 

for zoonotic diseases—each of critical clinical importance. 

Additionally, the book presents current knowledge on 

microbial–immune system interactions, including the 

immunomodulatory effects of probiotics and the management of 

systemic infections caused by microbes. Thanks to advanced 

techniques in molecular microbiology, resistance mechanisms and 

microbial responses to treatment can now be analyzed in greater 

detail, facilitating the development of targeted therapeutic strategies. 

This work is intended to serve as both a refresher of 

foundational knowledge and a scientific guide to current 

developments in the field for researchers, clinicians, academics, and 

students working in various branches of microbiology. Prepared with 

contributions from leading experts, this volume stands as a reliable 



and comprehensive resource for anyone interested in the science of 

microbiology. 

With the hope that it contributes to a healthier future… 

Asst. Prof. CİHAT ÖZTÜRK 

Prof. Dr. MEMİŞ BOLACALI 

KIRŞEHİR AHİ EVRAN UNIVERSITY 



İÇİNDEKİLER

ONCOLYTIC VIRUSES IN CANCER TREATMENT ............... 1
MURAT ŞEVİK

BACTERIAL INFECTIONS OF THE EYE .................................31
FUNDA ÇİMEN AÇIKGÜL, AYLA ARSLAN

BRUCELLOSIS AND DIAGNOSIS ............................................ 40
FUNDA ÇİMEN AÇIKGÜL, SEÇİL NAZİFE PARLAK

THE ERMTR GENE: A UNIQUE PLAYER IN ANTIBIOTIC
RESISTANCE ...............................................................................53

ERMAN ORYAŞIN, BÜLENT BOZDOĞAN

MİKROBİYAL BİYOFİLMLER: YAPISI, OLUŞUMU VE
KLİNİK ÖNEMİ ............................................................................64

ZELİHA SEYFİ ŞANDA

PROBİYOTİKLERİN İMMÜNOMODÜLATÖR ETKİLERİ:
SEPSİS ÖNLEME VE TEDAVİSİNDEKİ YERİ .........................77

NECİP GÖKHAN TAŞ

MATERNAL MICROBIOTA AND NEWBORN
MICROBIOTA ..............................................................................95

GÜLSÜM KAYA, AYSUN KAYA, SEBAHAT AKSARAY



ONCOLYTIC VIRUSES IN CANCER TREATMENT 

Murat ŞEVİK
1
 

Introduction 

Cancer is the most common cause of death worldwide, with 

almost 10 million deaths caused by cancer in 2020 (Aydın et al., 

2018: 426; Bray et al., 2024: 229). The incidence and mortality 

rates continue to increase despite significant progress having been 

made in cancer prevention and diagnosis (Bray et al., 2018: 394; 

Segovia-Siapco & Sabaté, 2019: 60; Yalçın et al., 2020: 124). 

Conventional therapies like surgery, chemotherapy, radiation 

therapy, or hormonal therapies only provide limited durable 

responses for most cancer patients (Cerullo et al., 2018: 124; 

Hemminki et al., 2018: 41).  

Oncolytic viruses (OVs), monoclonal antibodies, and 

adoptive cell therapies are currently the most prominent advances 

in cancer treatment because they provide effective and durable 

clinical responses in cancer patients (Lizée et al., 2013: 71). 

Viruses have been reported to have therapeutic benefits in cancer, 

resulting in multiple reports of leukaemia patients becoming 
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disease-free after viral infections in the last century. During the 

1950s and 1960s, hundreds of cancer-treatment cases were 

conducted using various wild-type viruses, like West Nile, Epstein-

Barr, and yellow fever (Kelly & Russell, 2007: 651).  

Clinical trials are being conducted to investigate the 

potential use of OVs, which consist of DNA and RNA viruses, as a 

cancer treatment (Fu et al., 2019: 270). OVs are able to infect and 

lyse different tumour cells in order to stabilise and decrease tumour 

progression. Their natural affinity for cancer cells or genetic 

orientation can be used to identify specific targets (Russell, Peng & 

Bell, 2012: 658). Furthermore, the OVs are capable of influencing 

the immune system’s activation against tumour cells, which 

influences the development of an antitumour response (Desjardins, 

Vlahovic & Friedman, 2016: 211). OVs have become a viable way 

to modify the tumour environment by enabling the immune system 

to eliminate abnormal cells when there is an immune deficiency 

state (Rosewell Shaw & Suzuki, 2018: 2103). Additionally, viruses 

have distinct mechanisms that cause infected cells to lyse, which 

consequently leads to tumour cell death and enhanced 

immunotherapy effectiveness (Lawler et al., 2017: 841).  

In the beginning, research on oncolytic effects was 

generally centred on wild-type or naturally occurring viruses, and 

the mechanism was merely assumed to be their lytic characteristics 

(Kelly & Russell, 2007: 651). Genetic engineering has made it 

technically feasible to perform a variety of modifications on wild-

type viruses since 2000. Therapeutic genes can be added to modify 

OVs to enhance their antitumour effects through various 

mechanisms. Initially, the primary objective of reconstruction was 

to enhance target specificity, selective replication, and oncolysis. A 

tumour immunoreactive response was detected during tumour lysis, 

which is another advantage of OVs as immunotherapy (Lizée et al., 

2013: 71; Li et al., 2020b: 2943). Therefore, in recent years, 
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strategies have shifted towards developing viral vectors to enhance 

immune responses within tumours (Lin, Shen & Liang, 2023: 156). 

Mechanism of OVs 

A race between virus replication, immune activation, and 

tumour growth determines the outcomes of OVs (Wu, Kirn & 

Wein, 2004: 605). OVs cause cancer cells to be disrupted by 

interacting with particular cellular receptors or by designing virus 

vectors with specific gene knockouts or using tumour suppressor 

gene defects to downregulate the antiviral pathway in tumour cells 

(Lin, Shen & Liang, 2023: 156). OVs are capable of infecting 

abnormal cells by targeting specific targets, such as 

cyclooxygenase-2, endothelial growth factor, CD20, and Her2/neu, 

which are produced by tumour cells (Russell, Peng & Bell, 2012: 

658). Furthermore, pathogenic viral gene deletion can increase 

selectivity for tumour cells and decrease OVs’ aggressiveness 

towards normal tissues (Thorne et al., 2007: 3350). The benefits of 

cell death vary depending on the characteristics of tumour cell type 

and virus vectors, and most of them have the ability to induce 

immunogenic cell death, release antigens related to tumours, and 

initiate antitumour immune responses. It is important to remember 

that antiviral immunity can be activated simultaneously with the 

initiation of infection (Lin, Shen & Liang, 2023: 156).  

The route of administering OVs is based on the type of 

tumour being treated. Because the effectiveness of treatment 

depends on the viral route, which is caused by the virus being 

present in situ and the organism’s natural resistance to antigens. 

Delivery can be subcutaneous, intravenous, intrathecal, 

intraperitoneal, and intratumoral, providing better control of viral 

abundance in the tumour environment and preventing side effects 

(Li et al., 2020a: 475).  
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When viruses are present in the organism, the virus’s 

structure, including DNA, RNA, viral proteins, and the pathogen-

associated molecular patterns, are recognised by the immune 

system, resulting in immunogenic cell death (Chiocca & Rabkin, 

2014: 295). Immunogenic cell death is a key factor in OVs’ ability 

to induce antitumor immunity, which involves a variety of cell 

deaths such as immunogenic apoptosis, autophagy, pyroptosis, and 

necrosis in cancer cells (Guo, Liu & Bartlett, 2014: 74; Inoue & 

Tani, 2014: 39).  

When pathogen-associated molecular patterns are 

recognised through toll-like receptors (TLRs), dendritic cells 

produce inflammatory molecules (such as type 1 interferons, 

cytokines and TNF-alpha) with antiviral properties (Marchini et al., 

2019: 1848). The response to viral infection is influenced by TNF-

alpha and has a positive impact on the action of caspase enzymes 

and cell apoptosis in certain tumours (Conlon, Miljkovic, & 

Waldmann, 2019: 6). Through the mechanisms of necrosis and 

apoptosis, TNF-alpha is able to stimulate cancer cell death and 

cause thrombosis due to its antiangiogenic effects (Shen et al., 

2018: 12441; Aydın, 2023: 1). The response of type 1 (Th1) helper 

cells is stimulated by TNF-alpha (Conlon, Miljkovic, & Waldmann, 

2019: 6; Parlar et al., 2021: 48). The Th1 inflammatory profile is 

characterised by elevated levels of CD4+ T and CD8+ T effector 

cells, activation and differentiation of T lymphocytes, and 

maturation of dendritic cells, which contribute to reversing the 

immunosuppressive state of the tumour and promoting an 

inflammatory response (Zamarin et al., 2014: 226).  

IL-2, a cytokine created after antigen activation, has the 

ability to regulate homeostasis and T regulatory cell action, which 

can help fight the tumour by creating an inflammatory environment 

(Kim, Lee & Lee, 2021: 21). The lysis and death of aberrant cells 

are heavily influenced by the viral action inside the cell, as well as 
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the damage caused by the inflammatory response. Disruptions of 

organelles like mitochondria, lysosomes, or endoplasmic reticulum 

could be caused by the presence of OVs, which could compromise 

normal cellular function. Additionally, the virus can trigger 

oxidative stress, resulting in the stabilisation and decrease of the 

tumour (Marchini et al., 2019: 1848).  

Combining OVs and cell checkpoint blockers is an essential 

method to improve viral survival rates in humans. By negatively 

regulating PD-L1, the tumour can circumvent the immune system 

and avoid T cell maturation. Th1-positive response can be triggered 

by PD-L1 inhibition, leading to the appearance of CD8+ T cells 

against the tumours and the activation of natural killer cells (Rajani 

et al., 2016: 166). Furthermore, studies have proven that 

immunotherapy’s effectiveness was enhanced by using monoclonal 

antibodies and OVs that inhibited the action of cytotoxic T 

lymphocyte-associated antigen 4 (CTLA4) (Zamarin et al., 2014: 

226). 

OVs 

OVs can be categorised into natural and genetically 

modified viruses, with the majority of oncolytic viruses being 

genetically modified for oncolytic activity. The OVs have evolved 

from the original natural viruses to gene-edited viruses and now 

include over ten commonly used viruses, including adenovirus, 

coxsackie virus, Newcastle disease virus (NDV), measles virus 

(MeV), herpes simplex virus, poliovirus, reovirus, and vesicular 

stomatitis virus. Natural forms were used for most naturally 

occurring viruses, including NDV, enteroviruses, reovirus, and 

MeV, while genetic modification has taken place on herpes simplex 

virus and adenovirus (Abd-Aziz & Poh, 2021: 98). 

Adenoviruses 
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Adenoviruses lack an envelope and have an icosahedral 

capsid and double-stranded linear DNA (Lasswitz et al., 2018: 

1863). Several receptors, such as CD46, CD80, CD86, and the 

human coxsackie-adenovirus receptor, can be used by these viruses 

because various tissues of the organism, including lymphoid 

tissues, respiratory, enteric, renal, and ocular tissues, are highly 

susceptible to their affinity (Uusi-Kerttula et al., 2015: 6009). 

Therefore, various immune therapies have been developed using 

adenoviruses due to their ability to serve as viral vectors 

(Hendrickx et al., 2014: 265).  

Viral replication begins in the cell nucleus and initiates the 

expression of certain proteins in the cytoplasm, such as E1a and 

E1b that are connected to the autophagy process. Autophagosomes 

are produced by this mechanism, which can bind with lysosomes 

and cause organelles or even the cell to die (Tazawa et al., 2017: 

1479). Furthermore, previous studies reported that E1a and E1b 

contribute to tumour stabilisation and reduction (Rodriguez-Rocha 

et al., 2011: 9). After adenovirus infection, inflammatory cytokines, 

such as IL-12 and TNF-alpha, are produced to stimulate cytotoxic 

cells such as natural killer cells and CD8+ T cells, which also 

contribute to the maturation of immune cells and anti-tumour 

activity. Oncolytic therapy is frequently carried out with adenovirus 

type-5 (Ad5) due to its ability to trigger TLRs on either the inside 

of the cell (TLR-9) or the cellular membrane (TLR-2) (Khare et al., 

2011: 1254).  

Adenoviruses have the ability to activate other pathways of 

the immune system, including increasing the migration rates of 

inflammatory cells and production of inflammatory cytokines, 

which contributes to destroying infected cells (Khare et al., 2011: 

1254). Cellular stress caused by viral infection and inflammation 

results in tumour cell death through apoptosis, necrosis, or 

autophagy. In addition to killing tumour cells directly, adenoviruses 
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can also create an antitumour immune response that helps in the 

fight in metastatic sites (Gürel et al., 2002: 6; Uusi-Kerttula et al., 

2015: 6009). Strong humoral immune responses are caused by 

oncolytic adenoviruses. Neutralising antibodies are often viewed as 

an unwanted adverse event in oncolytic therapy that significantly 

reduces virus applicability and efficacy. However, it has been 

proven that completely neutralised oncolytic viruses can still have 

antitumoural effects when delivered to monocytes. Furthermore, it 

has been recently demonstrated that pre-existing immune responses 

can even enhance the immune response of oncolytic viruses, 

suggesting that neutralising antibodies are part of an unrealised 

immune potential (Ricca et al., 2018: 1008). 

Herpes simplex virus type I (HSV-1) 

HSV-1, a significant human pathogen, can both latently 

infect neurones and produce lytic infection in other tissue cells. 

HSV-1 does not cause insertional mutagenesis, even though it 

replicates in the nucleus (Duan, Sun & Li, 2023: 97). The fact that 

it has a large genome makes it easy to modify to enhance its 

oncolytic properties and patient safety (Ma, He & Wang, 2018: 40). 

The oncolytic herpes simplex virus has been found to cause a dual 

mechanism in tumour cells. These mechanisms involve activating 

antiviral pathways via cell death signalling cascades and inducing 

host antitumour immune responses through mobilising and 

activating surrounding immune cells, resulting in tumour killing 

(Yin, Markert & Leavenworth, 2017: 136).  

There are many oncolytic HSV-1 drugs that have been 

developed, and Talimogene Laherparepvec (T-VEC) is one of the 

products that has been approved by the FDA. T-VEC is an 

oncolytic HSV-1 virus that has been extensively studied. It is 

created by deleting ICP47 and γ34.5 and adding GM-CSF to 

inactivate neurovirulence factors and increase virus replication and 
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immunogenicity (Liu et al., 2003: 292). It was discovered that 

HSV-1 can be linked to the Ras signalling pathway to facilitate 

viral replication (Pan et al., 2009: 6514). These viruses, particularly 

T-VEC, have a dual mechanism of action. The primary objective is 

to kill tumour cells directly, allowing viruses to enter the tumour 

environment and then proliferate and lyse the infected tumour cell, 

causing the expression of tumour antigens and a local immune 

response (Bommareddy et al., 2017: 1). Furthermore, GM-CSF 

expression permits dendritic cells to migrate and mature 

appropriately and presents more antigens to CD8+ T and CD4+ T 

cells that are capable of reaching distant metastases. Interferon 

response has been shown to cause an increase in PD-L1 expression, 

which results in T cell infiltration in the tumour environment 

(Atherton & Lichty, 2013: 1191; Thomas et al., 2019: 214). 

Measles virus (MeV) 

MeV is an RNA virus that has negative strands and is 

classified as a member of the genus Morbillivirus within the family 

Paramyxoviridae (Cox & Plemper, 2017: 105). Wild-type MeV 

primarily infects cells via CD150/SLAM, whereas MeV vaccine 

strains infect cells through CD46 as receptors. Mutations in the 

receptor attachment protein hemagglutinin (H) in vaccine strain 

MeV resulted in CD46’s high affinity (Tahara et al., 2007: 2564). 

MeV has many benefits, including its excellent safety profile and 

the absence of genotoxicity in oncolytic vaccine strains, its 

immunogenicity and, specifically, the numerous engineering 

opportunities provided by the MeV reverse genetics system 

(Engeland & Ungerechts, 2021: 544).  

Case reports linking measles infection to tumour remission 

led to the idea of treating cancer patients with MeV. 

Haematological malignancies were the target entities in many early 

studies. The natural lymphotropism of MeV provided support for 
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this (Grote, Cattaneo & Fielding, 2003: 6463; Kelly & Russell, 

2007: 651). MeV oncolysis was found to be sensitive to other 

malignancies, such as ovarian cancer and glioblastoma, but not 

normal cells (Peng et al., 2001: 2002; Peng et al., 2002: 4656). 

Preclinical research has demonstrated the oncolytic properties of 

Edmonston B derivatives, rMV-Hu191, Edmonston-Zagreb, 

Moraten-Schwarz, AIK-C, and Leningrad-16 vaccine strains 

(Engeland & Ungerechts, 2021: 544). Furthermore, clinical 

evidence also indicates that oncolytic measles virotherapy enhances 

the immune system to prevent tumours. After treatment, lymphoma 

lesions in cutaneous T cell lymphoma showed a shift toward a Th1-

biased T cell population (Heinzerling et al., 2005: 2287). Also, the 

majority of patients with multiple myeloma who received an 

oncolytic measles virus encoding sodium iodide symporter (MV-

NIS) had increases in IFN-γ levels for cancer testis antigens 

(Packiriswamy et al., 2020: 3310).  

MeV-induced cell death produces an immunogenic effect, 

generating a distinct immunopeptidome and promoting antitumour 

T cell responses by plasmacytoid and conventional dendritic cells 

(Guillerme et al., 2013: 1147; Rajaraman et al., 2018: 147). MeV 

oncolysis has been found to augment the cytotoxicity induced by 

ligand-mediated apoptosis in myeloid and plasmacytoid DCs, and it 

also modulates macrophages towards an antitumor phenotype 

additionally directing macrophages towards an antitumor 

phenotype (Achard et al., 2016: 1261240). Furthermore, activation 

of neutrophils results in the release of monocyte chemoattractant 

protein, interleukin-8 (IL-8), and tumour necrosis factor (TNF)-α, 

which can be beneficial or harmful depending on the tumour model 

(Zhang et al., 2012: 1002). Immunotherapeutic effects can be 

increased by inserting immunomodulatory transgenes into the MeV 

genome. MeV has the potential to act as a delivery system for 

immunomodulators to the tumour site, which can cause significant 

--9--



harm when administered systemically (Grote, Cattaneo & Fielding, 

2003: 6463).  

Granulocyte macrophage colony-stimulating factor (GM-

CSF) was the initial immunomodulatory transgene identified for 

MeV (Grote, Cattaneo & Fielding, 2003: 6463). Neutrophic 

infiltration was increased by MV GM-CSF in a lymphoma 

xenograft model, which was correlated with tumour regression. A 

MeV vector that encodes for IFN-β can cause immune infiltration 

and remodelling of the tumour microenvironment in mesothelioma 

xenografts (Li et al., 2010: 550). In both breast cancer xenograft 

pleural effusion and lung colonisation models, a MeV that encodes 

the immunomodulatory neutrophil-activating protein of 

Helicobacter pylori had a beneficial cytokine response and 

improved survival (Iankov et al., 2012: 1139). 

Newcastle disease virus (NDV) 

NDV is an enveloped avian paramyxovirus that has the 

ability to attack human cancers through its oncolytic properties. 

Membrane fusion or endocytosis can be used to infect cells by 

NDV. NDV has the capability to use different pathways: 

macropinocytosis and phagocytosis in mixed membrane domains, 

clathrin-mediated endocytosis in non-lipid raft membrane domains, 

and RhoA-dependent endocytosis in membrane domains that 

contain lipid rafts (El-Sayed & Harashima, 2013: 1118; Song et al., 

2019: 45057). NDV has a tendency to replicate more efficiently in 

tumour cells than in normal cells (Krishnamurthy et al., 2006: 

5145).  

A significant inflammatory response is triggered by the 

intracellular insertion of viral hemagglutinin-neuraminidase and 

fusion protein antigens, which leads to cytokines, chemokines, and 

type I interferons being secreted (Washburn & Schirrmacher, 2002: 

85; Krishnamurthy et al., 2006: 5145). Modification of tumour cell 

--10--



surface markers by these proteins leads to downstream apoptosis. 

Especially, oncolysis can be achieved by NDV through the 

activation of either the intrinsic or extrinsic caspase-dependent 

pathways of apoptosis. Other mechanisms include secreting tumour 

necrosis factor- α from infected tumour cells and activating the 

caspase-12 and endoplasmic eIF2a kinase PERK (Washburn & 

Schirrmacher, 2002: 85; Elankumaran, Rockemann & Samal, 2006: 

7522). NDV pathogenic classification and oncolytic properties are 

closely linked. The findings indicate that lentogenic NDV strains 

are non-lytic, while velogenic and mesogenic NDV strains are lytic. 

The replication of non-lytic virus is only single-loop, while lytic 

NDV is multi-loop. Velogenic NDV destroys the cytoplasmic 

membrane of infected cells, leading to the rapid destruction of 

cancer cells (Fournier et al., 2012: 177).  

NDV replication occurs in the cytoplasm. The virus is 

unable to integrate with the host genome due to this replication 

mode. Being non-pathogenic to humans and having a relatively low 

risk of side effects are significant advantages of NDV as an 

oncolytic agent (Ganar et al., 2014: 71). NDV oncolysis transforms 

cold tumours into hot tumours by altering the tumour 

microenvironment. This situation allows immune cells to infiltrate 

tumours. Furthermore, danger-associated molecular patterns, 

pathogen-associated molecular patterns, and tumour-associated 

antigens are released in response to NDV, which is a strong 

antitumour immunity. The activation of innate immune cells (NK 

cells), tumour-specific T cells (CD8+ T and CD4+ T cells), and 

recruitment of antigen presenting cells (APCs) into the tumour is 

initiated by these key risk-related molecular models (Ricca et al., 

2018: 1008). The immune system can clear tumours through the 

inflammatory response to NDV infection, but it can also cause 

immune cells to clear NDV, which diminishes its anti-tumour 

effects (Buijs et al., 2014: 24). 
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NDV has been found to have a positive effect on multiple 

cancers, including fibrosarcoma, neuroblastoma, colorectal, breast, 

gastric, hepatocellular, lung, and prostate carcinoma, and 

glioblastoma in preclinical animal studies (Matveeva et al., 2015: 

15017). The safety and non-neurotropic profile of its selective 

replication in cancer cells is higher than that of other oncolytic 

viruses (Washburn & Schirrmacher, 2002: 85; Krishnamurthy et al., 

2006: 5145). Oncolytic activity has been demonstrated by multiple 

NDV strains (e.g., AF2240, HUJ, LaSota, MTH-68/H, Ulster, and 

73-T) in glioblastoma, and Ulster, HUJ, and MTH68/H strains have 

been mainly studied in early phase studies in patients with 

glioblastoma (Cuoco, Rogers & Mittal, 2021: 8). The development 

of the reverse genetic system of NDV has resulted in the 

identification of more transgenic NDVs, making the use of NDV a 

new phase in cancer therapy. NDV-F3aa, an NDV strain that has 

been genetically modified, is effective in treating a gastric tumour 

in peritoneal models without significant side effects, and it has the 

potential to completely cure gastric tumours in certain cases (Song 

et al., 2010: 589). 

Protoparvoviruses 

Protoparvoviruses are viruses that have single-stranded 

DNA, are not enveloped, and belong to the Parvoviridae family. 

Fixation factors such as the glycosidic substances or transferrin 

receptor are used by protoparvoviruses to infect human cells (Ros 

et al., 2017: 313). VP1, the major capsid protein, is responsible for 

coordinating the penetration of protoparvoviruses into the host cell. 

Furthermore, VP1 possesses nuclear localisation signals that aid in 

the movement of viral proteins to the cell nucleus. Blocking cell 

genome replication and integrating viral material with the host 

genetic material is possible from this point to ensure viral survival 

(Marchini et al., 2015: 6). During the lytic phase, lysosome 

membrane permeability is increased by viral action, which allows 
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cathepsin enzymes to pass into the cytoplasm and decreases the 

impact of inhibitory agents on these proteases. The accumulation of 

cathepsins in the cell cytoplasm is influenced by both factors, 

which in turn causes their effects and contributes to apoptosis 

pathways and tumour cell death (Di Piazza et al., 2007: 4186).  

Apoptosis and DNA damage are caused by oxidative stress 

caused by a rat parvovirus H-1PV infection. The NS1 protein acts 

as a mediating agent for these events and alone is sufficient to 

trigger the complete cell death cascade caused by the complete 

virus (Hristov et al., 2010: 5909). Furthermore, viral DNA 

replication, gene expression and activation of apoptosis pathways 

are regulated by the NS1 protein. Viruses can cause tumour cells to 

undergo cellular necrosis by stimulating the expression of proteases 

from the lysosome to the cytoplasm. The stimulation of T 

lymphocytes can also be achieved by H-1PV and the formation of 

immune memory against tumours (Nüesch et al., 2012: 3516). In 

addition, an inflammatory response with antitumorigenic properties 

can be induced by protoparvoviruses, which leads to the production 

of Th1-related cytokines including IL-2 and TNF-alpha (Geletneky 

et al., 2015: 23). 

Reoviruses 

The respiratory and gastrointestinal tracts of humans are the 

primary targets of reoviruses (Tyler et al., 2001: 560). The 

fundamental link for reoviruses having an oncolytic role was found 

in 1977; a study reported their oncolytic role by demonstrating their 

cytotoxic effect on “transformed cells”, while normal cells were 

immune to the virus (Hashiro, Loh & Yau, 1977: 307). Reovirus 

has three distinct serotypes: Lang type I (TIL), Jones type II (T2J), 

and Abney and Dearing type III (T3D). The most extensively 

studied potential therapeutic for cancer treatment is T3D, which is 

also referred to as Reolysin (Gong et al., 2016: 25). Additionally, 
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reoviruses depend on a mutation in the ras gene to replicate 

properly in tumour cells, a fact that limits their use because only 

about 30% of human tumours have this mutation. The Ras pathway 

is crucial in the mechanism of reovirus proliferation in tumour cells 

by inhibiting protein kinase R and enabling viral protein synthesis 

(Norman et al., 2004: 11099). 

Certain elements can activate the Ras pathway, resulting in 

the possibility of viral oncolytic therapy for more cancer types (up 

to 80%) (Hirasawa et al., 2002: 1696; Norman et al., 2004: 11099). 

The immunomodulatory properties of the virus and virus-induced 

apoptosis are the main causes of tumour lysis by reoviruses. The 

activation of an apoptotic pathway in tumour cells can be 

accomplished by the viral capsid proteins, which release 

smac/DIABLO and cytochrome c from the mitochondria into the 

cytosol. Once reoviruses initiate protein synthesis, proinflammatory 

cytokines and chemokines are secreted via damage-associated 

molecular patterns and pathogen-associated molecular patterns, 

facilitating the generation of an adaptive antitumor immune 

response. Then, reovirus antigens are recognised by cytotoxic 

CD8+ T cells and lysed cells, which leads to dendritic cell 

maturation, activation of natural killer cells, and more cytotoxicity 

(Ferlazzo et al., 2004: 16606; Steele et al., 2011: 20). 

Vaccinia virus (VACV) 

VACV is a complex and enveloped poxvirus that has a large 

DNA genome and is only replicated in the cytoplasm. It has been in 

use as a smallpox vaccine for many years and has not caused any 

significant adverse reactions (Smith et al., 2013: 2367). 

VACVs offer several advantages in oncolytic virotherapy 

when compared to other virus vectors. These advantages are: 

1. VACV replication is restricted to the cytoplasm, and 

viral DNA is not integrated into the host genome.  
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2. The large genome (~190 kb) of VACVs enables them to 

insert and express exogenous therapeutic genes of at 

least 25 kb in a single vector with high stability. 

3. VACVs possess their own tumour tropism, which has 

the potential to be administered systemically. 

4. VACVs have a replication cycle that is both rapid and 

lytic. 

5. VACVs are capable of replicating under hypoxic 

conditions. 

6. VACVs are able to exhibit high infectivity in multiple 

host species and tissues due to the lack of receptor 

restrictions during entry (Yu et al., 2004: 313; Hiley et 

al., 2010: 281; Mercer et al., 2010: 9346). 

The three main mechanisms employed by oncolytic VACVs 

for tumour tissue destruction include direct oncolysis of tumour 

cells, disruption of tumour vasculature, and activation of anti-

tumour immunity (Xu et al., 2024: 1324744).  

Using DNA recombinant technology, engineered oncolytic 

VACVs can be produced due to the increasing knowledge in cancer 

cell biology. Preclinical and clinical evidence suggests that 

engineered oncolytic VACVs (e.g., Pexa-Vec (pexastimogene 

devacirepvec, JX-594)) have the potential to be used for 

intravenous infusion and tumour therapy by expressing numerous 

therapeutic genes that are highly and stably expressed (Chon et al., 

2019: 1612). Additionally, Pexa-Vec has tropism towards 

endothelial cells that play a role in tumour growth through the 

expression of vascular endothelial growth factor or fibroblast 

growth factor. It leads to destruction of the vascular structure that 

feeds the tumour, resulting in tissue necrosis and a decrease in 

tumour spread (Breitbach et al., 2013: 1265). Administration of 
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VACVs was found to be associated with the induction and 

expression of IL-24 and GM-CSF, factors that together may 

contribute to the stabilisation and death of tumour cells. GM-CSF 

has an impact on the maturation and differentiation of immune 

system cells, including dendritic cells and neutrophils, creating an 

inflammatory environment that facilitates the fight against tumours 

(Gujar et al., 2018: 209). 

Tumour angiogenesis is suppressed by IL-24, which 

positively affects the apoptosis pathways and antitumour response 

while also avoiding tumour metastases (Gujar et al., 2018: 209). 

Different cell death pathways, like necrosis and apoptosis, are 

triggered by the viral activity of certain VACV strains, which 

results in the release of damage- and danger-associated substances 

that provide an immunogenic environment. Afterwards, the 

damage-associated molecular patterns help to cross-present 

themselves with tumour antigens, which stimulate CD8+ T cell 

activity and contribute to the antitumor response (Gujar et al., 

2018: 209; Xu et al., 2024: 1324744). 

Conclusion 

There are still very few approved OVs and applicable 

cancer types in the clinic. Intratumour administration is one of the 

most important limiting factors. Antiviral neutralising antibodies 

that appear during viral therapy cause repeated systemic treatments 

of OVs to be ineffective and limit their application in certain types 

of cancer that have metastases or cannot be treated in situ. 

Therefore, it is urgently required to develop novel and more potent 

oncolytic viruses. 
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