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Abstract 

In addition to chemicals and radiation, another source of mutation is viruses. Viruses are very small 'organisms' 

that can infect the cells of other animals or plants. However, the diversity and complexity of oncogenic 

mechanisms raises new questions as to the mechanistic role of viruses in cancer. Classical viral oncogenes have 

been identified for all tumor-associated viruses. To date, seven viruses; Epstein - Barr virus (EBV), Kaposi's 

Sarcoma Herpesvirus (KSHV), high-risk Human papilloma viruses (HPV), Merkel Cell Polyomavirus (MCPV), 

Hepatitis B Viruses (HBV), Hepatitis C Viruses (HCV) and Human T-Lymphotropic Virus type 1 (HTLV1)- 

have been consistently linked to different types of human cancer, and infections are estimated to account for up 

to 20% of all cancer cases worldwide. Viral oncogenic mechanisms generally include: generation of genomic 

instability, increase in the rate of cell proliferation, resistance to apoptosis, alterations in DNA repair 

mechanisms and cell polarity changes, which often coexist with evasion mechanisms of the antiviral immune 

response. Viral agents also indirectly contribute to the development of cancer mainly through 

immunosuppression or chronic inflammation, but also through chronic antigenic stimulation. The paper was 

aimed to review the oncogenic viruses associated with cancer in human as well as the molecular mechanisms by 

which the viruses induce cellular transformation and their associated cancers. 
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Introduction 

Viruses have well-established causal roles in numerous human and animal cancers, collectively responsible for 

almost one fifth of all cancers [1, 2]. Viral associated cancers are a special case of cancer biology and virology. To 

date, there are seven human viruses with strong epidemiological links to human cancers. These include members 

of the high-risk human papillomavirus (HPVs), hepatitis viruses B and C (HBV and HCV), human gammaherpes 

viruses (HHV4/Epstein-Barr Virus (EBV) and HHV8/Kaposi’s Sarcoma-Associated Herpesvirus (KSHV), 

Merkel cell polyomavirus (MCPyV), and human T-cell leukemia virus I (HTLV-1). These oncoviruses represent 

members of vastly different families of virus, including DNA, RNA and retroviridae.  

Despite this species diversity, these oncoviruses are thought to share common features that enable them to drive 

cancer. Oncoviruses usurp key cellular pathways important for the control of cell growth and metabolism. 

However, many non-cancer-causing viruses perturb these pathways and have similar viral-host interactions. 

Consequently, it is not fully understood what features confer viruses with oncogenic potential in human 

populations. Oncogenic viruses perturb numerous cellular pathways described as the hallmarks of cancers [3, 4]. 

As expected, viral associated cancer pathways can be readily superimposed on these cancer hallmarks [5]. And 

while the pathways of viral carcinogenesis are ultimately cellular, viruses do provide foreign genomes and gene 

products that create new interactions and pathways for oncogenesis. Most known oncogenic viruses of humans 

use DNA as their genomic material. Research over the past quarter century has revealed that their oncogenicity 

results largely from direct interference with barriers to oncogenesis. In contrast to viruses that have been 

accepted causes of particular cancers, candidate viral causes tend to have fewer viral than cellular genomes in the 

tumours. These low viral loads have caused researchers to conclude that the associated viruses are not primary 

causes of the associated cancers. Consideration of differential survival, reproduction and infiltration of cells in a 

tumour suggest, however, that viral loads could be low even when viruses are primary causes of cancer [5]. 

 

General Principles of Viral Oncogenic Mechanisms 

Oncogenic viruses generally maintain chronic infections in which there is not or little production of viral 

particles, and that last for the whole life of the infected individual. These mechanisms of viral persistency and/or 

latency are biologically compatible with the carcinogenic process, because they avoid cell death most common 

in acute lytic infections, while maintaining the infectious agent hidden from the immune system. Viral 

persistence in the host is achieved by integrating the viral genome into the cell genome or by expressing viral 

proteins that equally segregate the viral genome into daughter cells during cell partitioning. Both mechanisms 

ensure that the virus is not lost during cellular replication. Viral persistence is usually characterized by 

expression of proteins that control cell death and proliferation; in this manner, oncogenic viruses nurture 
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infection of a controlled number of cells establishing a balance between virus and host, preserving the integrity 

of both. Cell transformation is probably not an evolutionary viral strategy, but rather a biological accident that 

rarely occurs in the virus-host interaction. Cancer leads to the death of the host, and thus, it also represents the 

end of the virus. The existence of viral oncogenes is explained as part of the viral persistence mechanisms, which 

only under altered conditions may lead to cancer. All virus-associated tumors result from the cooperation of 

various events, involving more than persistent infection and viral transformation mechanisms. Additional 

oncogenic hits are necessary for full-blown transformation. The occurrence of mutations impairing expression 

and function of viral and/or cellular oncogenes is necessary in the carcinogenic process, in line with that, an 

increased mutation rate of infected over normal cells is frequently observed [6, 7]. In this scenario, latently 

infected cells by oncogenic viruses might be more susceptible targets of additional oncogenic hits; e.g., due to 

smoking, a diet scarce in fruits and vegetables or/and increased exposure to environmental oncogenic agents. All 

these insults, plus the host genetic component driving inflammatory responses triggered by the infection itself 

result in cell transformation and cancer development. 

Infectious agents can contribute to carcinogenesis by direct and/or indirect mechanisms. The direct-acting 

carcinogenic agents are generally found in a monoclonal form within the tumor cells. These agents help to keep 

the tumor phenotype through expression of either viral or cellular oncogenes [8]. Retroviruses, whose replication 

cycle requires the integration of the viral genome into the host genome, commonly transform because integration 

deregulates expression of cellular oncogenes or tumor suppressor genes. On the other hand, EBV is an example 

of a virus that does not need to integrate and transforms through expression of its own oncogenes 

The indirect transforming viruses are not conditioned to exist within the cell that forms the tumor. These agents 

act through two main mechanisms:  

1. Triggering chronic inflammation and oxidative stress that persistently damage local tissues; and  

2. By producing immunosuppression that reduces or eliminates anti-tumor immune surveillance mechanisms.  

 

Among the most documented viral agents belonging to the first group are HBV and HCV; chronic inflammation 

produced by persistent infection associated with any of these viruses is a major risk to develop hepatocellular 

carcinoma (HCC) [9, 10]. On the other hand, HIV belongs to the second group; patients with non-controlled 

infection and low T cell counts frequently develop lymphomas associated with EBV or KSV infection [11] 

 

Human Oncogenic Viruses and Associated Cancers 

1. Epstein - Barr virus (EBV) 

EBV is associated is with lymphoproliferative disease, most commonly Burkitt's lymphoma. There is increasing 

evidence EBV is also associated with Hodgkin lymphoma. It's estimated that more than 90% of the World 

population is infected with EBV. EBV is responsible for infectious mononucleosis (the 'kissing disease'). The 

mechanism of transmission of EBV is generally unknown but possibly through saliva [12, 13]. EBV Infection 

usually begins in the epithelial cells of the oropharynx, posterior nasopharynx and parathyroid glands. From 

there EBV infects B cells and persistent infection is established. Almost all cases of EBV infection are controlled 

by the immune system and infected individuals are asymptomatic (have no symptoms of infection). B cell 

Infection is necessary for EBV mediated carcinogenesis [13]. Only a small percentage of infections lead to cancer, 

most cases arising in immune-compromised or transplanted individuals. These patients are especially susceptible 

because they lack sufficient immune function to inhibit the growth of infected B cells. EBV-mediated 

carcinogenesis is most likely caused by the actions of viral gene products [12]. Two proteins in particular are 

thought to play a major role in B cell immortalization; latent membrane proteins (LMP's) and EBV nuclear 

antigen (EBNA's). LMP1 is inserted into the host cell membrane and acts as an activated growth factor receptor, 

resulting in unregulated growth. EBNA's affect the cell in many different ways; one pathway leads to altered 

activity of tumor suppressors including Rb, p53, and Arf [12, 13]. 

 

2. Human Herpesvirus [Kaposi's Sarcoma Herpesvirus] (KSHV) 

Human Herpesvirus is associated with Kaposi's Sarcoma (KS), a type of cancer that affects the skin and soft 

organs. HHV8 is also associated with several blood disorders. It is uncommon in most of the world, only 1-5% 

of people in North America and Northern Europe are infected. Mediterranean populations have a higher 

infection rate (5-20%) and Sub-Saharan Africa has the highest rate (>60%). In the U.S., gay men also have a 

higher infection rate (~40%). HHV8 is most commonly spread through sexual contact and via saliva. 

Transmission also may occur via organ transplantation or blood transfusion. HHV8 infects B cells, epithelial 

cells, endothelial cells and possibly monocytes. HHV8 infection is high in populations with high incidence of KS 

and low in populations with low incidence of KS. HHV8 DNA is found in all cases of KS, but infection is not 

enough to cause cancer. The exact method by which HH8V induces cancer is still under investigation. KS 

probably starts as an inflammatory process to which circulating cells (including HHV8 infected cells) are 

recruited, leading to further inflammation, tissue damage, and viral infection. HHV8 then establishes a persistent 

infection which may send signals promoting angiogenesis and inflammation. This cycle may ultimately lead to 

tumor development. Untreated AIDS confers a 20,000 fold higher risk of developing KS, but other than 

immunosuppression the role of AIDS is generally unknown [12, 14]. 
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3. High-Risk Papillomaviruses 

Human papilloma viruses belong to the Papillomaviridae family; they contain a double-strand DNA genome of 

approximately 8000 bp and are not enveloped viruses. More than 100 members of this family have been 

described and from them, more than a dozen (types 16, 18, 31, 33, 35, 45, 51, 52, 56, 58, 59, 62, 66 and 68) have 

been classified as high-risk due to their epidemiological association with cervical and other cancers [15]. HPV 

subtypes 16 and 18 are the most frequently found in tumors; the first is mainly associated with invasive cervical 

cancer and the second is the most frequent in squamous cell carcinoma [16, 17]. Low-risk HPVs generally cause 

benign lesions, such as warts [18]. HPV is transmitted by skin contact, including genital contact during sexual 

intercourse; thus HPV infection in the genital area tents to be common in sexually active persons. Infection is 

generally controlled by the immune system and only in a low number of people, HPV persists, increasing the 

risk to develop epithelial lesions [19]. Viral persistence seems to be greatly helped by the inability of infected cells 

to present antigenic epitopes to adaptive immune cells, which is common in individuals with alterations in the 

HLA (Human Leucocyte Antigen) antigen presentation pathway [20]. 

The neoplastic progression involves a series of histological changes that have been stratified in clinical stages, 

which correlate with differential expression of viral oncogenes and accumulation of mutations in the host 

genome. The main oncogenic proteins are E6 and E7, which are required since the first lesions and are necessary 

for the maintenance of the malignant phenotype. HPV is usually not integrated into the host genomic DNA, and 

E2 negatively regulates the expression of E6 and E7. An important event in the oncogenic process is the 

integration of the viral genome, a step usually resulting in loss of E2 and over-expression of E6 and E7 [21]. 

Increased expression of E6 and E7 correlates with progression to high grade lesions and eventually to carcinoma 

in situ [19]. 

 

4. Merkel Cell Polyomavirus 

Polyomaviruses are non-enveloped viruses with a circular, double-stranded DNA of approximately 5000 bp. The 

members of this family are present in all regions of the world infecting several species. Historically, it was 

considered that only JCV and BKV polyomaviruses infected humans, but next generation sequencing techniques 

have enabled the identification of at least nine other members in humans, among them MCPV. MCPV was 

identified in 2008 in an aggressive skin cancer denominated Merkel cell carcinoma (MCC) [22]. Virtually the 

whole adult population worldwide is infected by MCPV. Evidence supporting the participation of this agent in 

MCC carcinogenesis includes the presence of MCPV genomes in about 80% of the tumors but not in healthy 

tissue, and the clonal integration of the viral genome [22-25]. MCPV oncogenic transformation may result from 

loss of immune surveillance, as MCC mainly occurs in immunosuppressed individuals. MCC was a very rare 

cancer before the AIDS pandemia, and today, there are around 1700 new cases per year in the US [26, 27]. The 

MCPV genome is inserted into the host genome during viral carcinogenesis. Integration is characterized by 

preserving the viral induced cell proliferation functions while abrogating viral replication; the latter probably due 

to deletion of some of the viral T antigen gene regions [28, 29]. 

Viral integration also favors host resistance to cell death promoting viral persistence in a latent state [30]. This is a 

significant difference between the presence of the virus in MCC and in non-tumor tissue. Due to the recent 

discovery of MCPV, we still do not understand the function of viral proteins. However, some viral proteins 

present homology in functional domains with tumorigenic polyomaviruses from non-human species. For 

example, like SV40 MCPV T antigens are generated by differential splicing to produce large T and small T 

antigens [31]. The large T antigen presents the structural motif that inactivates pRb (LXCXE) [32], and the T 

antigen is generally expressed in MCC, and even in its truncated form it maintains intact the pRb-inactivating 

domain [33].  

 

5. Hepatitis B Virus 

The Hepadnaviridae family groups a series of viruses that cause liver disease in animals, with Hepatitis B virus 

(HBV) infecting humans. HBV is an enveloped virus with an approximate 3.2 Kb genome of a partially double 

stranded DNA chain and a single stranded fragment. HBV replicates through an intermediary RNA via a viral 

reverse transcriptase. The main target of infection by HBV is the hepatocyte and infection can occur through 

vertical or horizontal transmission starting in the first years of life or during adulthood [34]. Chronic infection by 

HBV is one of the main causes of hepatocellular carcinoma (HCC). The carcinogenesis process triggered by 

HBV is complex, involving direct and indirect mechanisms with the latter being driven by chronic inflammation 

[35]. Direct mechanisms such as expression of viral oncogenes and insertional mutagenesis have also been 

documented [36]. HBV X (HBx) is the main oncogenic viral protein. HBx is a viral replication protein that 

participates in transcription and DNA repair through which it regulates cell cycle, apoptosis and genomic 

instability [37]. Furthermore, HBx transgenic mice develop liver carcinomas [38]. 

 

6. Hepatitis C Virus 

Hepatitis C virus (HCV) is a member of the Flaviviridae family; there are at least six genotypes that are 

regionally distributed and divided into subtypes [39]. The HCV genome consists of a single strand RNA of 

positive polarity of approximately 9600 nucleotides from which a polyprotein is translated from a unique open 

reading frame and later subdivided into different viral polypeptides by viral proteases [40]. HCV infects 

hepatocytes causing an acute infection that may turn chronic when the immune system cannot eliminate it. In 
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those cases, the carrier may progress to hepatitis, cirrhosis and eventually to HCC [40]. It is estimated that more 

than 170 million persons worldwide are infected by HCV from which about 40% will develop some form of 

liver disease and 1%–4% HCC [41]. Transmission commonly occurs through blood and infected blood products. 

Direct and indirect transforming mechanisms have also been described for HCV. The viral oncoprotein Core is 

the only viral product that in transgenic mice promotes the appearance of HCC [42]. Core is the main trigger of 

steatosis, an abnormal retention of lipids within the hepatocyte, and oxidative stress leading to chronic liver 

damage and HCC [43]. Different functions have been attributed to this protein, including altered cellular gene 

transcription, cell proliferation and cell death. For instance, Core expression correlates with changes in the 

activity of bona fide cellular tumor suppressors and oncogenes, and also of intermediaries of MAP kinases, 

NFκB and β-catenin signaling pathways [44]. Core protein regulates ROS production by inducing nitric oxide 

synthase (iNOS) which activates cyclooxygenase-2 (COX-2), importantly contributing with oxidative stress [45]. 

iNOS andCOX-2 are also important components of the inflammatory pathway leading to cancer [46, 47]. Core 

localizes in the mitochondria where it regulates levels of the mitochondrial chaperone prohibitin; it is proposed 

that altered binding of prohibitin and cytochrome c oxidase results in increased oxidative stress that favors DNA 

damage [48]. Taken together all these data has contributed to the formation of a model in which accelerated cell 

division by the inhibition of p53, pRb and other cell proteins in the presence of DNA damage by oxidative stress 

and the inflammatory response leads to the development of HCC. 

 

7. Human T-Lymphotropic Virus Type 1 

The Retroviridae family groups several viruses with two copies of a positive sense single stranded RNA genome 

that is retro-transcribed to DNA and integrated into the host cell genome. Retroviruses are classified as simple 

and complex. Simple retroviruses encode gag, pol and env genes from which structural proteins are expressed, 

plus other proteins involved in viral replication and integration. Complex viruses encode additional regulatory 

genes besides the mentioned above. HTLV1 is a potent direct carcinogenic agent that has been associated with a 

spectrum of lymphoproliferative diseases collectively referred as adult T-cells leukemia/lymphoma (ATL) [49]. 

HTLV1 is endemic of Japan, the Western African coast, Central America and the Caribbean, with 15–25 million 

people infected worldwide [50]. There are three demonstrated ways of transmission for HTLV1: sexual contact, 

intravenous and breast feeding. The virus infects T- and Blymphocytes and dendritic cells in vivo. Although, the 

main retroviral mechanism of transformation is by insertional mutagenesis, HTLV1 is a complex retrovirus 

whose genome also encodes the Tax oncoprotein. Tax has the ability to immortalize cells in vitro and its 

enforced expression in transgenic mice results in development of leukemia/lymphoma [51]. Tax is a 

transcriptional activator/repressor capable of modulating expression of multiple cellular genes and it also directly 

interacts with a plethora of cellular proteins. Tax principal mechanism of transformation is related to 

reprogramming cell cycle and inhibition of DNA repair [52]. Tax induces NFκB activity, which stimulates the 

expression of cytokines and their receptors, including those of IL-13, IL-15, IL-2, IL-2Rα and co-stimulatory 

surface receptors (OX40/OX40L) [53–55]. Importantly, this activity mimics the chronic inflammatory process 

critical in the oncogenic progression of many types of cancers. These molecules trigger T cell proliferation, 

which may help to amplify the pool of HTLV1 infected cells. Thus, contrary to other cancers in which the 

inflammatory process is mediated by immune cells in response to the oncogenic insult, in HTLV1 infection this 

is directly induced by Tax. Besides NFkB promoters, Tax also regulates expression of cellular transcriptional 

promoters through interaction with cyclic-AMP response element binding protein (CREB) and serum response 

factor (SRF) [52]. 

 

Conclusion  

Viral infection is an indisputable causal factor for nearly 15-20% of all human cancers. However, the diversity 

and complexity of oncogenic mechanisms raises new questions as to the mechanistic role of viruses in cancer. 

Classical viral oncogenes have been identified for all tumor-associated viruses. To date, seven viruses namely; 

EBV, KSHV, high-risk HPV, MCPV, HBV, HCV and HTLV1- have been consistently linked to different types 

of human cancer, and infections are estimated to account for up to 20% of all cancer cases worldwide. 
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