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ABSTRACT:

Oncogenic viruses represent a subset of viral pathogens capable of inducing cellular transformation and malignancy, significantly
contribute to the global burden of human cancer. These viruses promote carcinogenesis through various mechanisms, including
integration of viral DNA into the host genome, disruption of cellular signaling pathways, and evasion of immune surveillance, leading
to uncontrolled cellular proliferation. Notable oncogenic viruses include Human Papilloma Virus (HPV), Epstein-Barr Virus (EBV),
Hepatitis B Virus (HBV), and Hepatitis C Virus (HCV). Prevention strategies primarily revolve around vaccination, with HPV and
HBV vaccines demonstrating significant efficacy in reducing the incidence of cervical and liver cancers, respectively. In addition
to prevention, effective treatment strategies for virus-associated cancers are essential. Therapeutic approaches include antiviral
agents, immunomodulatory drugs, and targeted therapies that disrupt viral replication and control tumor growth. This review provides
an overview of the role of oncogenic viruses in cancer development and discusses current prevention and treatment strategies.

KEYWORDS: Oncogenic Viruses; Viral Oncogenes;

Carcinogenesis;

Antiviral  Vaccination;  OncolyticVirotherapy

CORRESPONDING AUTHOR: Basant H. Abou Zaid, E-Mail :Basant.hamdy@sue.edu.eg
Associate Professor of Oral Pathology , Oral and Maxillofacial Pathology Department, Faculty of Dentistry, Alsalam University, Tanta, Egypt.

RECEIVED: 17.01.2025 ACCEPTED: 20.02.2025 AVAILABLE ONLINE: 05.03.2025

DOI : 10.21608/SUODMJ.2025.361489.1001

ISSN : 3062-5041 SOUDMJ 2025 ; 1(1) :12-24

OVERVIEW AND BACKGROUND

The human body has its unique defense mechanism to
combat disease-causing agents. Suppressing the body’s
defense mechanisms, cells can act abnormally and divide
without control ending up with cancer formation [1]. Can-
cer occurs following a consequence of DNA alterations
that induce disordered cellular development, division, and
death. Such cellular transformation is influenced by sev-
eral intrinsic and extrinsic factors including aging, genetic
mutations, immunological responses, as examples of in-
trinsic factors; while extrinsic influences involve nutrition,
smoking, radiation, and infectious agents [2]. About 20%
of human cancers are attributed to infectious agents with
about 15% of this cancer burden can be assigned to viral
infection [3]. The possibility of viral etiology of cancer
was postulated in 1911 when the veterinarian P. Rous ob-
served that sarcoma in hens might be transmitted by a
filterable agent, which was further revealed to be a retro-
virus [4,5]. In 1957, Soviet researchers led by L.A. Zilber

demonstrated that the Rous sarcoma virus can provoke

tumors in rabbits and laboratory mice and formulated the
hypothesis that cancer may be initiated by viruses [6].
To date, there are seven known human oncogenic virus-
es: Kaposi’s sarcoma-associated herpesvirus (KSHYV),
Epstein-Barr virus (EBV), human papillomavirus (HPV),
hepatitis B virus (HBV), hepatitis C virus (HCV), human
T cell lymphotropic virus type | (HTLV-1), and Merkel
Cell Poliomavirus (MCV) [3]. Despite diversity, these on-
cogenic viruses share common features including viral
replication, integration into host genome, alteration of
host genetic material, and immortalization of the infect-
ed cells [7]. Moreover, oncogenic viruses can induce
cancer formation with the aid of many cofactors, such
as persistent inflammation, suppression of cancer-spe-
cific immune agents, and involvement of cancer-causing
mutagens [1]. The notion that some cancers are linked

to specific viral infections has led to the development of
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preventive, diagnostic strategies, and therapeutic
measures in some clinical settings. These measures
served to reduce the overall incidence of certain types
of virus-related cancers such as cervical cancer and
hepatocellular carcinoma (HCC) in some regions of
the world [8]. In this review, a summary of the roles
played by several kinds of oncogenic viruses in the
development of cancer as well as the recent trends in

prevention and treatment strategies are discussed.

Features of viral oncogenesis

To define the role of viruses in cancer pathogenesis,
certain essential characteristics have been postulated.
These include: (i) Persistent co-existence of cancerous
cells and viral particles in cancer biopsy, (ii) Growth-pro-
moting activity of viral genes, (iii) Presence of viral con-
stituents modifying the host genomic material and medi-
ating the malignant phenotype, and (iv) Epidemiological
evidence supporting the viral role in cancer prevalence
[9]. Oncogenic viruses maintain a state of persistence
within the host cells. This occurs via mediating chronic
infections in which there is no or little production of viral
particles. Such conditions last for the entire life of the in-
fected individual. This mechanism of viral persistency or
latency is biologically compatible with the carcinogenic
process since they avoid cell death, which characterizes
acute lytic infections, and hide the infectious agent from
the immune system. The intracellular viral existence oc-
curs as either naked nucleic acid in the form of plasmid or
episome, or integrated viral genome into host’s own ge-
nome [10]. In addition, viral latency is typified by expres-
sion of proteins orchestrating cell death and proliferation;
thereby sustaining infection with a controlled number of
cells keeping the integrity of virus and host [11]. Besides
the effect of persistent infection and viral transforma-
tion mechanisms, additional oncogenic hits are neces-
sary for the full carcinogenic transformation [12]. In this
context, latently infected cells by oncogenic viruses are
more susceptible to further oncogenic insults, e.g., due
to smoking, diet deficient in vitamins and antioxidants or/

and increased exposure to environmental carcinogens.
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All these insults, coupled with the viral-induced inflamma-
tory responses compelled by host genetic makeup, end

up in cell transformation and cancer development [11].

Mechanisms of viral carcinogenesis

Viral contribution to cancer could be mediated via direct
and/or indirect mechanisms. Direct carcinogenic viruses
own viral oncogenes that contribute directly to neoplastic
transformation [10]. They help to keep the neoplastic
phenotype via increased expression of viral-derived or
cell-derived oncogenes [11]. The direct oncogenic vi-
ruses either integrate their viral genome into host’s DNA
thereby deregulating the expression of cellular onco-
genes or tumor suppressor genes or express their own
viral oncogenes without the need for integration such as
EBV [11]. Indirect viral oncogenesis occurs via two main
mechanisms (i) Provoking chronic inflammation and oxi-
dative stress that constantly induce local tissue damage;
and (ii) Creating immunosuppression which counteracts
anti-tumor immune surveillance mechanisms [11]. The
famous examples of the first category are the HBV and
HCV in which the persistent infection induces chron-
ic inflammation with subsequent increased risk of HCC
[13,14]. On the other hand, the second category is best
exemplified by human immunodeficiency virus (HIV) in
which patients with low CD8 counts are at increased risk
of a variety of malignancies such as lymphomas and Ka-
posi sarcoma [15]. It’s noteworthy to mention that both di-
rect and indirect pathways are not reciprocally restricted,
subsequently some agents may utilize both mechanisms

to induce carcinogenesis such as HCV and HBV [13,14].

Co-factors influencing the outcome of viral infections

Atthe cellular level, the status of cell cycle checkpoints and
apoptosis, senescence, autophagy pathways affectthe out-
come of infection.Whereas, at the organism level, the host’s

immune status is probably the most crucial guard against
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virus-induced cancers. Consequently, the incidence of vi-
rus-related cancers tends to be more prevalent in elderly
and immunosuppressed patients with exceptionally high
prevalence among AIDS patients [16,17]. Also, co-infec-
tion with other pathogens likely plays a role in certain
virus-induced cancers [16]. For example, in Burkitt’s
lymphoma, the co-infection with malaria parasites in-
duces growth of germinal center lymphocytes, which in
turn extends the cellular population prone to EBV infec-
tion [18]. Additionally, the limited geographic distribution
of certain viral-induced cancers would raise suspicion

of some genetic and environmental influences [19,20].

l.  Human oncogenic viruses and associated can-

cers

Many viruses show direct cellular transformation char-
acteristics; however, there is no sufficient scientific evi-
dence that could support their link to human neoplasia
so that they are not included by the International Agency
for Research on Cancer (IARC) [11]. The oncogenic
viruses identified by the IARC as group 1 human carcin-
ogens are listed in table 1. The MCV is not included in
the table since it is classified by the IARC as group 2A

(probably carcinogenic to humans) [8].

Table.1: Group 1 cancer-related viruses are listed and divided by virus family, virus name, cellular tropism, asso-

ciated neoplasia and cancer cases. The percentage of cancer cases is based on 2,300,000 worldwide oncogenic

infections with Group 1 pathogens (updated 2020), available from GLOBOCAN, the global cancer observatory and

reference [21].

Virus family Virus name Cellular tropism Associated neoplasia Cases n (%)
Papillomauviri- HPV16, 18, 31, 33, 35, 39, Keratinocytes Cervical, anal, vulva, vagina, | 730,000
dae 45, 51, 52, 56, 58, 59 penis and head and neck (31.1%)
cancers
Hepadnaviridae | HBV Hepatocyte Hepatocellular carcinoma 380,000
(16.4%)
Flaviviridae HCV Hepatocyte Hepatocellular carcinoma 170,000
and other non-Hodgkin lym-
phomas (7.4%)
Herpesviridae | EBV Epithelial cells and B | Hodgkin lymphoma, Burkitt 156,600
(HHV-4) cells lymphoma and nasopharyn- (6.8%)
geal carcinoma 070
Herpesviridae | KSHV (HHV-8) Epithelial cells and B | Kaposi sarcoma 42,000
cells o
(1.8%)
Retroviridae |[HTLV-1 T and B cells Adult T-cell leukemia and | 3600
lymphoma (0.16%)

HPV: human papilloma virus, HBV: hepatitis B virus, HCV: hepatitis C virus, EBV: Epstein Barr virus, HHV: human
herpes virus, KSHV: Kaposi sarcoma herpes virus, HTLV-1: human T cell lymphotrophic virus.
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1.1. DNA viruses
*Human Papillomavirus (HPV)

According to the IARC monographs, presently there are
more than 100 HPV subtypes with twelve subtypes clas-
sified as carcinogenic to humans [7]. HPV types 16, 18,
31, and 33 have been implicated in more than 90% of
cervical cancer cases. Apart from cervical cancer, over
90% of anal cancers, 70% of vaginal and vulvar cancer,
60% of penile cancers, and 63% of oropharyngeal can-
cers have been associated with high-risk HPV infection
[2]. HPV is a double-stranded, circular DNA (dsDNA)
genome of approximately 7.9 Kilobase (kb) [21] encoded
with two sets of genes named after order of their tran-
scription: early genes (E) and late genes (L). The early
genes consist of E1, E2, E4, E5, E6, E7 and E8 which
are involved in viral replication and cellular transforma-
tion whereas the late genes encode the L1 and L2 are
engaged in the assembly of viral particles. The usual
mode of infection is via direct sexual contact where the
virus gains access to the epithelial cells following any
minor trauma to the skin or mucous membrane of an in-
fected individual [7]. Sexually acquired HPV will usually
be cleared off by the immune system over time resulting
in asymptomatic or transient lesions. But in a few cases,
HPV can get itself integrated into the host genome there-
by achieving viral persistence [8]. This is one of the key
steps in HPV-induced carcinogenesis. Following integra-
tion into the host genome, viral oncogenes E6 and E7
are expressed in their unique way [7]. The E6 oncogene
induces accelerated degradation of P53 gene while the
E7 oncogene inactivates the pRb gene, both are crucial
cellular tumor suppressor genes responsible for regulat-
ing normal cell proliferation and preventing uncontrolled
cell growth [22]. Subsequently, E6 and E7 oncogenes
synergistically induce genomic instability leading to ac-
cumulation of mutations and cancer development [2].
*Epstein-Barr Virus (EBV)

Like HPV, the IARC has classified EBV as group | carcin-
ogen since it is associated with Burkitt’s lymphoma, Hod-

gkin’s lymphoma, B cell lymphoma, gastric carcinoma
15

and nasopharyngeal cancer [23]. Moreover, it is involved
in the development of head and neck cancers mainly in
nasopharyngeal and less commonly oral squamous cell
carcinomas (OSCC).EBV is a member of the herpes fam-
ily, spreads via saliva and other body fluids causing infec-
tious mononucleosis, a common childhood infection [7].
The EBV genome is a linear dsDNA, about 170—180 kb in
size encoding 80 genes and surface glycoproteins. Most
of the viral genes are silent during the latent phase of in-
fection with only 10 % of them being actively expressed.
The genes encoding proteins duringthis phase are called
latent genes. On the other hand, genes expressed during
the lytic phase of infection lular signaling pathways in-
ducing carcinogenesis [7,24].Most of the genes seen in
EBV-associated carcinomas are latent genes which en-
code nuclear antigen proteins such as EBNA-LP (EBV
nuclear antigen leader protein), EBNA1, EBNA2, EB-
NA3A, EBNA3B and EBNA3C and latent membrane
proteins such as LMP2A (latent Membrane Protein 2A)
and LMP2B[7].0One of the important traits of EBV is its
dual tropism since it can infect both naive B-cells and
epithelial cells via switching surface glycoprotein mole-
cules [25]. The increased expression of EBNA2 promotes
excessive growth of B-cells, thereby inducing carcino-
genesis [2]. One of the main latent genes linked to oro-
pharyngeal carcinomas is EBNA1 [26] which can reduce
the activity of P53 gene [27] stimulate angiogenesis [28],
and deregulate genes involved in epithelial-mesenchy-
mal transition (EMT) [29].Following infection of epithelial
cells by KSHYV, the viral DNA becomes integrated into the
host cells then either enters a state of latency or passes
through the lytic phase. During the latency phase, sever-
al events take place. The KSHV episomes are spread to
dividing host cells during mitosis therefore sustaining the
presence of virally infected cells. Furthermore, the virus
releases the latency-associated nuclear antigen (LANA)
which is a crucial factor in the processes of viral per-

sistence/ latency as well as contributing to carcinogenesis
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and evasion of immunity in cells infected with KSHV [2].

*  Hepatitis B virus (HBV)

HBYV is a small dsDNA virus with a genome of 3.2 kb which
encodes four overlapping genes namely, S, C, P and X.
Comparable to EBV, HBV exhibits dual tropism infecting
both naive B-cells and epithelial cells [32]. Following en-
try to the host cell, the virus integrates into the genomic
DNA of human cells. HBV infection is known for its close
association with HCC in addition to broad spectrum of
other cancers such as gastric, nasopharyngeal and anal
cancers, intrahepatic bile ducts tumors, as well as diffuse
large B-cell lymphoma [33]. However, the incidence of
HBV associated head and neck cancer remains relative-
ly low [7]. The mechanisms underlying HBV-related car-
cinogenesis are still not fully understood, though this vi-
rus can exert oncogenic effects independently [34]. There
is some evidence suggesting the role of HBV X protein

in the repression of p53 tumor suppressor activity [35].

*  Merkel Cell Poliomavirus (MCV)

Polyomaviruses are tiny non-enveloped dsDNA viruses,
with a size of around 5.400 Kb. MCV is the sixth polyoma-
virus strain identified to infect the human population. The
association between MCV and development of Merkel
cell carcinoma, a rare and very aggressive neuro-endo-
crine skin cancer, is well-established [2]. The precise
etiopathogenesis of MCV is still not fully understood,
however integration of the viral genome into host DNA
is a crucial step in carcinogenesis rendering the cells
enhanced proliferation and resistance to apoptosis. Fur-
thermore, oncogenic transformation seems to result from

loss of immune surveillance since Merkel cell carcinoma

mainly occurs in immunocompromised individuals [11].

I.2. RNA viruses

* Hepatitis C Virus (HCV)

The HCV is a member of the Flaviviridae family which
is widely recognized as an etiological factor of HCC and
human lymphomas.lt is a single stranded RNA (ssRNA)

virus with a genome of 9.6 Kb in length, encoding 10 vi-
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ral proteins [7]. HCV exhibits triple tropism as it can in-
fect naive B-cells, hepatocytes and even salivary gland
cells. Once HCV infects a host cell, it initiates a plethora
of pro-malignant pathways via inhibiting cell cycle arrest
and apoptosis [36]. The mechanism of HCV-induced liv-
er cancer is well-elucidated. However, its potential link
with non-liver cancers including OSCC requires further
investigations [37].0ne of the closely observed extrahe-
patic signs of HCV infection is oral lichen planus, a pre-
cancerous condition that may progress to OSCC [38].
The mechanism of HCV induced carcinogenesis appears
to resemble that of HPV infections. Like HPV E6/E7 on-
coproteins,HCV has NS3 (non-structural protein 3) and
NS5A (non-structural protein 5A) which can interfere
with P53 and Rb tumor suppressor functions [39]. Fur-
thermore, the persistent infection of HCV is associated
with disruption of immune responses through various
mechanisms such as suppression of interferon produc-
tion, impaired functions of T-cells and natural killer cells,
generation of reactive oxygen species (ROS), nitric ox-
ide, harmful cytokines which all create an environment

favorable for cancer development and progression [2,40].

° Human T-cell Lymphotropic Virus type 1 (HTLV-1)

The HTLV-1, the first known human retrovirus, was orig-
inally isolated from the cell line of T-cell lymphoma [33].
It has been implicated in the pathogenesis of a rare neo-
plastic disorder termed adult T-cell leukemia/lymphoma
(ATLL). HTLV1 is endemic of Japan, the Western African
coast, Central America and the Caribbean. The virus
infects T- and B lymphocytes and dendritic cells in vivo
[11]. HTLV-1 is predominantly transmitted via sexual con-
tact,receiving blood transfusions, and nursing [2]. The
virus primarily targets T-lymphocytes and can integrate
into the host’s DNA. The key viral proteinslinked to can-
cer development are Tax and HBZ which are responsible

for tumor formation and maintenance respectively [41].
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Potential role of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) in cancer progression

The emergence of SARS-CoV-2 in 2019 has shifted
global interest toward the pathogenesis, prevention, and
management of such detrimental infectious disease. The
disease is generally characterized by fever, cough, head-
ache, sore throat, diarrhea, tiredness, and the loss of
taste or smell [42]. One of the most severe symptoms of
coronavirus disease 2019 (COVID-19) is acute respiratory
distress symptom, which can trigger a series of several
inflammatory events in the lung [43]. The genome of this
virus consists of ssRNA which is 26-32 Kb. One of its
structural proteins is the spike protein (S protein) which
enables viral invasion into target cells via the interaction
of receptor-binding domain of the S1 subunit with angio-
tensin-converting enzyme 2 (ACE2) on the host cell sur-
face [44]. Mutations in the S protein prevent the circulat-
ing antibodies from binding to the virus which weakens
the protection against recurrent infection with this virus.
It is suggested that SARS-CoV-2 would have long-term
life-threatening complications that will be revealed over
time as compared to common chronic viral infections in-
cluding HIV, HBV, HCV, HPV, and EBV[42]. Some reports
suggest SARS-COV-2 as a potential oncogenic virus [45].

The possible mechanisms of SARS-COV-2 oncogenesis
» Disturbed renin-angiotensin-aldosterone system
(RAAS)

In SARS-COV-2, the virus binds to ACE-2 with subse-
quent dysregulated RAAS which triggers inflammation,
vasoconstriction, fibrosis, oxidation, and capillary per-
meability which can all serve as important factors for
cancer development and progression [46—48]. Further-
more, dysregulated RAAS is linked to increased pro-
duction of the potent proangiogenic vascular endothe-
lial growth factor (VEGF) which increases blood supply

necessary for solid tumor growth and metastasis [49].

» Viral mutagenicity

Like the classic examples of oncogenic viruses, SARS-

COV-2 may stimulate the human oncogenesor disrupt the
17

tumor suppressor genes [42]. Infection with SARS-COV-2
can result in increased production of viral proteins nsp15
and nsp3 which interfere with the tumor suppressor func-
tions of pRb and P53 genes respectively [50,51]. Moreover,
SARS-COV-2caninduceepigeneticchangeswhichareim-

portant for both viral infection and cancer progression [42].

* Inflammatory cascade

SARS-COV-2 can trigger the release of a plethora of in-
flammatory cytokines, a phenomenon known as the cy-
tokine storm [52]. Among the inflammatory cytokines
released in this process is IL-6 which is important in
pathogenesis of COVID-19 and becomes a prognos-
tic factor of disease severity via monitoring its elevat-
ed serum levels [53]. The upregulation of IL-6 results
in several events that eventually leads to enhanced ex-
pression of cellular protooncogenes as well as increased-

chances of metastasis via stimulating EMT[54,55].

Association between COVID-19 and OSCC

Because of the severity of COVID-19 pandemic, the public
concern toward acquiring infection would result in under-
estimation of the warning signs and symptoms of cancer;
hence preventing patients from seeking medical or dental
care [56]. Consequently, the COVID-19 pandemic may be
a contributing and exacerbating factor for the delayed di-
agnosis of serious diseases, like OSCC, which increases
morbidity and worsens prognosis [57].Apart from such in-
direct effect on OSCC progression and prognosis, SARS-
COV-2 may trigger several pathways crucial for oral
carcinogenesis. One of the cellular entry targets of SARS-
COV-2 is the extracellular matrix metalloproteinase induc-
er (EMMPRIN) which shows high affinity for binding with
the virus. EMMPRIN releases matrix metalloproteinases
and cytokines which play important roles in cellular pro-
liferation, growth, and homeostasis in many malignancies
as well as primary and metastatic cell lines of OSCC [42].
Il. Prevention strategies

Cancer vaccination is a potential treatment approach

aims at inducing antitumor immune response [58].
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The basic concept of cancer prevention by vaccina-
tion involves utilizing immune system to prevent can-
cer-causing viral infection via neutralizing the onco-
genic virus thereby avoiding uptake by target cells, or
to attack premalignant and latent or dormant cancer
cells [59]. Cancer vaccines fall into four categories, nu-
cleic acid-based vaccinations, viral-based vaccines,

peptide-based vaccines, and cell-based vaccines [1].

* Mechanisms of anti-cancer vaccines

In viral-based vaccination, the viral genetic material can
be altered to include sequences containing tumor anti-
gens since viruses are naturally immunogenic [58]. An-
tigen-presenting cells (APCs), namely dendritic cells
(DCs), recognize and capture the vaccine antigen com-
ponents [60]. The antigen-loaded DCs go to secondary
lymphoid organs where they present the antigen to naive
CD4+ T cells and CD8+ T cells with the aid of MHC | and
I, thus activating T cell and/or interacting with B cells [59].
It is significant to highlight that the activation of CD8+ T
cells and tumor immunity depend heavily on CD4+ T cell
support and co-stimulatory molecules. The activated T
cells migrate to the tumor microenvironment to limit tumor
development via direct killing premalignant or malignant
cells expressing the targeted antigen [61]. In addition,
plasma cells secrete antibodies that can neutralize onco-

genic viruses via preventing virus-host interactions [59].

* Current vaccines and their efficacy

There are two types of licensed cancer prevention vac-
cines targeting oncogenic viruses: prophylactic vaccines
for HPV and for HBV [59]. The prophylactic HPV vac-
cines approved worldwide are as follows: (i) a bivalent
vaccine (Cervarix®, GlaxoSmithKline, Wavre, Belgium)
that targets the genotypes HPV16 and HPV18; (i) a
quadrivalent vaccine (Gardasil®, Merck & Co, Rahway,
NJ, USA) against HPV6, HPV11, HPV16 and HPV18;
and (iii) a nonavalent (Gardasil 9®, Merck & Co, Rahway,
HPV6, HPV11, HPV16, HPV18, HPV31, HPV33, HPV45,,
HPV52 and HPV58. They all showed efficacy in reduc-

18

ing ano-genital viral infections as well as pre-malignant
and malignant lesions [62,63]. HPV vaccines is expect-
ed to prevent cervical cancer, the third leading cause of
cancer-related mortalities in women globally and perhaps
will prevent other HPV-related cancers [16]. Vaccination
against HBV is the best protection against chronic HBV
infection. HBV vaccine was introduced in 1980, repre-
senting the first vaccine capable of preventing a specif-
ic human cancer. The HBsAg contains multiple epitopes
that elicit neutralizing antibodies, conferring protection
from infection [64]. Engerix-B and Recombivax HB are
approved in the United States for both pediatric and adult
populations and are generally administered in three dos-
es. Another two-dose hepatitis B vaccine, HEPLISAV-B,
was licensed for adults in 2018 [59]. The widespread use
of the universal HBV vaccination program would contrib-
ute to the decline of chronic HBV infection and HCC [65].

I11. Oncolytic virotherapy

Oncolytic virotherapy is a novel cancer therapeutic mo-
dality in which the virus selectively replicates in and de-
stroys tumor cells while skipping normal cells [66]. On-
colytic viruses can be equipped with exogenous genes
to exert powerful antitumor effects [67]. In October
2015, the FDA approved the first oncolytic virus therapy,
T-VEC, for the treatment of melanoma via promoting ly-
sis of tumor cells [68].0Oncolytic viruses are derived from

single- or double-stranded DNA or RNA viruses[67].

* Adenoviruses

Adenovirus is the largest non-enveloped dsDNA virus
(26—45 Kb) which are excellent vectors in terms ofma-
nipulability and tolerance of transgenes[69]. Adenoviral
vectors have been broadly studied for their capacity to
carry transgenes for gene therapy. They offer sever-
al benefits including the ability to produce high viral ti-
ters and the inherent lytic activity. Several adenoviral
agents revealed favorable outcomes in clinical studies

such as the adenovector encoding hypoxia-inducible
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factor 1 alpha (AdHIF-10). It has demonstrat-
ed neuroprotective effects in rats and is as-
sumed to inhibit apoptosis in nerve cells [70].
* Adeno-associated virus

Adeno-associated virus (AAV), a member of the family
Parvoviridae is a non-enveloped single stranded DNA
(ssDNA) virus [69]. Its nonpathogenic nature makes it
an ideal candidate for gene transfer, and it has already
proved clinical efficacy in generating strong immune re-
sponse in mice against SARS-COV-2 [71], and providing
complete protection against Ebola virus in mice [72]. Con-
sidering cancer treatment, AAV has demonstrated the
potential to eliminate cervical cancer both in vivo and in

vitro via targeting the HPV E6 and E7 oncoproteins [73].

* Herpesviruses

Herpesvirus (HSV) is a dsDNA virus enclosed by the
nucleocapsid. It has a large genome and a complex
structure which enables the incorporation of sever-
al transgenes. Being a cytosolic virus, HSV can infect
several types of cancer cells and undergo rapid repli-
cation, hence efficiently disseminating offspring viruses
within the tumor. Currently, HSV-1 is one of the preva-
lent strains of oncolytic viruses that are frequently em-

ployed, whereas HSV-2 is still under investigation [2].

* Vaccinia virus

The Vaccinia virus is a dsDNA that belongs to the Or-
thopoxvirus genus [74]. Its selective targeting depends
largely on the presence of thymidine kinase (TK) gene,
which encodes a crucial enzyme for viral replication.
Malignant cells commonly show upregulated expression
of TK, whereas seldom do the normal cells. According-
ly, researchers successfully engineered a Vaccinia vi-
rus strain with a specific TK phenotype characterized by

confined replication solely within cancerous cells [75].

V. Review of previous literature
A multitude of research was conducted addressing the

role of viruses in human carcinogenesis. In (2021), Vat et
19

al. extensively reviewed the biological effects of the HPV
oncogenes E6 and E7 whose combined effect is neces-
sary for cancer development cellular tumor suppressor
genes, Vat et al. highlighted several dysregulated path-
ways due to E6 and E7 oncogenes including their abili-
ty to induce epigenetic modification, genomic instability,
activate angiogenic switch in cervical carcinoma cells,
evade immune response, and activation of telomerase
[76]. Furthermore, Akagi et al. (2014) performed a genome
wide analysis on 10 head and neck cancer cell lines and
found that HPV undergoes integration into host’s genome
at several insertional points leading to genomic instability
which is a hallmark of viral carcinogenesis [77]. More re-
cently, Zheng et al. (2020) evaluated the EBV positivity in
undifferentiated, non-keratinizing and squamous cell na-
sopharyngeal cancers and found EBV DNA in 100% of the
study population [78]. Interestingly, a few studies pointed
out the co-infection of HPV and EBV in the head and neck
cancers with an incidence rate of 0—7.8 % [79-81]. In their
review, Payaradka et al. (2022) explained that such co-in-
fection is said to augment the tumorigenic potential since
oncogenes from either virus are known to upregulate the
anti-apoptotic proteins thereby changing the course of
normal physiological cell death [7]. A more recent com-
prehensive review of oncogenic viruses, Ameya and Bir-
ri (2023) discussed the molecular mechanisms of HBV,
HCV, KSHV, and HTLV induced cancers. They reported
the production of potent oncogenes such as HBx by HBV
which enhance the invasive and metastatic potential of the
infected cells, inhibit apoptosis, promote cell proliferation,
and induce malignant transformation. On the other hand,
the oncogenic potential of HCV is mediated via alteration
of P53 and induction of liver cirrhosis which enhances the
state of genomic instability necessary for cancer develop-
ment.They also reported several complex molecular path-
ways mediated by KSHV, HTLV, and MCV that trigger the
process of oncogenesis [82]. In (2020), Cantuti-Castel-
vetri et al. conducted an experimental in vitro study using
human kidney cell lines and lentiviral particles typed with
SARS-COQV-2 S protein and observed that SARS-CQOV-2
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increases the expression of neuropilin-1 (NRP-1) [83]
which can promote carcinogenesis in different ways. One
of these ways was explained by Norouzi et al. (2023) who
reviewed the role of COVID-19 in OSCC progression and
found that NRP-1 can facilitate tumor invasion, stimulate
stemness features which enhance proliferation and che-
mo-resistance in OSCC, and support proliferation, sur-
vival, and migration of OSCC cells via increased VEGF.
Furthermore, they highlighted that COVID-19 infection
causes hyperactivation of P2X7 receptor which is associ-
ated with progression of OSCC as well as other types of
cancers [84]. Moreover, Jahankhani et al. (2023) exten-
sively reviewed the mutagenic perspectives of COVID-19
infection and indicated that SARS-COV-2 may lead to
cancer development at many sites including lung, colon,
pancreas, and breast. Their conclusion was based on
the ability of SARS-COV-2 to exert several organ-spe-
cific effects such as fibrosis and chronic inflammation of
the lung, dysbiosis of intestine, upregulated pancreatic
cancer genes, and increased EMT of breast cells [42].
Evidence of oncogenic viruses in cancer prevention and therapy

A randomized clinical trial was conducted by Herrero et
al. (2013) on 7,466 women aged 18-25 years old who
were divided into two groups to receive HPV 16/18 vac-
cine (Cervarix) or hepatitis A vaccine as a control. At the
final blinded 4-year study visit, 5,840 participants provid-
ed oral specimens to evaluate vaccine efficacy against
oral infections. Cervarix vaccine has showed a 93%
reduction in the prevalence of oral HPV16/18 infections
suggesting that HPV vaccination could protect against
the progression of oral cancer [85]. Regarding HBV, Yu
et al. (2022) analyzed the impact of HBV immunization in
infants on the incidences of HBV infection and HCC after
three decades of vaccination in Shanghai. They found that
the incidence of HBV infection in Shanghai population de-
creased by more than 80% and age-standardized rates
of HCC by around 50% [86]. In (2023), Lin et al. evaluat-
ed different strategies employing oncolytic virotherapy in
preclinical settings. They emphasized the better efficacy

of oncolytic viruses when used in combination with che-
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motherapy, radiotherapy, or immunotherapy approach-
es [67]. After administration of combined therapy, there
was an enhanced anti-tumor response in the form of in-
creasedlevels of CD4+ and CD8+ cells,and decreased

suppressor Treg cells infiltrating the tumor region [2].

Conclusions

Viral infections are believed to be responsible for near-
ly 15-20 % of all human malignancies with only seven
viruses currently listed as pathogens with oncogenic
potential. Several viral proteins can alter signaling path-
ways of host cells with subsequent deranged cellular pro-
cesses including cell growth and maintenance. SARS-
COV-2 and its proteins employ different strategies that
would induce the development of cancer. A dramatic
drop in incidence of certain virus-associated cancers is
observed after vaccine administration. More research is
needed to better characterize the oncolytic capacity of
different viruses and to avoid the potential threats before
human trials can start. More studies on post COVID-19
patients are required to address the possible impact of
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