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ABSTRACT 

The present paper explore out the better-characterized and most intensively studied oncogenic viruses of humans and animals. 
Many DNA and RNA viruses have been proved to be oncogenic (or carcinogenic) in a variety of animals, ranging from amphibia to 
primates, and évidence grows stronger that certain forms of human cancer are of viral origin. Several DNA viruses have been 
associated with the causation of cancer in animals. Adenoviruses cause tumours in laboratory animals, while bovine 
papillomavirsues cause both types of tumours (neoplasm), i.e., benign neoplasm as well as malignant neoplasm (cancer) in their 
hosts. Of the various human DNA viruses, human papillomaviruses (HPV), Hepatitis B virus (HBV), Epstein-Barr virus (EBV) and Kaposi 
sarcoma herpes virus have been reported to cause cancer in humans. The human ‘T’ cell leukemia virus type 1 (HTLV1) and Hepatitis 
C virus (HCV) of RNA type are also reported to cause cancer. HPV have been implicated in the development of many cancers, e.g., 
squamous cell carcinoma of cervix, oral cancer and laryngeal cancer. Bovine papillomavirus (BPV) is known to cause epithelial and 
mucosal tumours in cattle. HBV and HCB viruses may be the primary cause of hepatocellular carcinoma (HCC). EBV (a member of 
herpes family) has been reported to cause lymphomas and nasopharyngeal carcinomas.  

Keywords: Cancer, Humans and animals, Oncogenic (or carcinogenic) DNA and RNA viruses.   

 
INTRODUCTION  

Cancer is an abnormal growth and proliferation of cells. It 
is a frightful disease which is uncontrollable and 
incurable, and may occur at any time at any age in any 
part of the body. Cancer is caused by a complex, poorly 
understood interplay of genetic and several 
environmental factors. It represents the largest cause of 
mortality in the world and claims over 6 millions. Many 
studies showed that several environmental factors, 
including air, water and industrial pollutants, 
environmental chemicals and radiations, etc. may cause 
various cancers1-2. The environmental factors may also be 
different microbes, including viruses. Many DNA and RNA 
viruses have been proved to be oncogenic in a variety of 
animals, ranging from amphibia to primates, and 
evidence shows that certain human cancers are of viral 
origin. Hence, considering the virus as one of the 
important aetiological agents of cancer, this review has 
been presented to discuss some better-characterized and 
most intensively studied oncogenic DNA and RNA viruses.  

 EBV, a herpes virus, was discovered from a Burkitt 
lymphoma cell line in 19633. It was the first virus 
identified from a human neoplastic cell, followed by HPV, 
HBV, HCV, HTLV1 and human herpes type 8 (HHV8)4. The 
RNA and DNA oncogenic viruses have made fundamental 
contributions to the areas of cancer research. 
Transforming retroviruses carry oncogenes derived from 
cellular genes that are involved in mitogenic signalling 
and growth control. Viruses are now accepted as 
bonafide aetiologic factors of human cancer; these 
include HBV, EBV, HPV, HTLV1 and HCV, and several 

candidate human cancer viruses. It has been estimated 
that 15% of all human tumours (or neoplasms, cancers) 
worldwide are caused by viruses. The infectious nature of 
viruses distinguishes them from all other cancer-causing 
factors; cancer viruses establish long-term persistent 
infections in humans, with cancer an accidental side 
effect of viral replication strategies. Viruses are usually 
not complete carcinogens, and the known human cancer 
viruses display different roles in transformation. Many 
years may pass between initial infection and tumour 
appearance, and most infected individuals do not develop 
cancer, although immunocompromised individuals are at 
elevated risk of viral-associated cancers5. 

The genomes of oncogenic DNA viruses integrate into and 
form stable associations with host cell genome. The virus 
is unstable to complete its replicative cycle because the 
viral genes essential for completion of replication are 
interrupted during integration of viral DNA. Thus, the 
virus can remain in a latent state for years. Those viral 
genes that are transcribed early in the viral life cycle 
(early genes) are important for transformation, and are 
expressed in transformed cells6. The ‘T’ antigen proteins 
encoded by DNA tumour virus early genes are involved in 
the transformation of normal cells to immortalized 
neoplastic cells that may or may not be tumorigenic in 
immunocompetent animals. Studies have been made of 
the tumorigenicity of DNA virus-transformed cells and the 
interactions of these cells in vivo and in vitro with 
immunologically nonspecific host effector cells such as 
natural killer (NK) cells and macrophages. The results 
imply that the ‘T’ proteins determine the capacity of 
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transformed cells to induce tumours by governing the 
level of susceptibility that transformed cells express to 
destruction by such host cellular defenses7. An in vitro 
system to study the carcinogen-induced amplification in 
simian virus 40 (SV40)-transformed Chinese hamster 
(CO60) cells has been described8. DNA amplification of 
helper-dependent parvovirus AAV (adeno-associated 
virus can be induced by a variety of genotoxic agents in 
the absence of co-infecting helper virus. The results, 
including electron microscopic examination, suggest that 
the AAV origin / terminal repeat structure is recognized 
by the cellular DNA replicative machinery induced or 
modulated by carcinogen treatment in the absence of 
parvoviral gene products9.  

Some scientific reports on oncogenic DNA viruses 

Several DNA viruses have been associated with the 
causation of cancer in humans and animals. Adenoviruses 
can cause tumours in laboratory animals, while BPV cause 
benign as well as malignant neoplasms in their hosts6. 
BPV has been reported10 to cause epithelial and mucosal 
tumours in cattle. Followings are the important oncogenic 
DNA viruses:   

1. Human Papilloma Viruses (HPV) 

The HPV are small DNA tumour viruses, belonging to the 
family of Papovaviridae. About 70 genetically distinct 
types of HPV have been identified. HPV have been 
implicated in the development of many cancers, e.g., 
squamous cell carcinoma of cervix, oral cancer and 
laryngeal cancer6. The incidence of cervical carcinoma 
worldwide is estimated as high as 400,000 diagnosed per 
year. More than 90% of high-grade cervical dysplasias and 
invasive cervical cancers have been associated with 10 to 
15 high-risk HPV viral types11. Epedemiologic studies 

suggest that carcinoma of cervix is caused by a sexually 
transmitted agent and HPV is the culprit. DNA sequences 
of HPV 16 and 18 and less commonly, HPV 31, 33, 35 and 
51 are found in about 85% of invasive squamous cell 
cancers. In cancer, the viral DNA is usally intregrated into 
the host cell genome. The oncogenic potential of HPV 16 
and 18 can be related to viral  E6 and E7 early viral gene 
products, which act in conjunction to immortalize and 
transform cells12. The replication of DNA viruses is 
dependent on the replication machinery of the host cells, 
and E6 and E7 act to overcome the activity of cell cycle 
inhibitors. E6 and E7 enhance p53 degradation, causing a 
block in apoptosis and decresed activity of p21 cell cycle 
inhibitor. E7 associates with p21 and prevents its 
inhibition of the cyclin D/CDK4 complex; E7 can bind to 
RB, removing cell cycle restriction. The net effect of HPV 
E6 and E7 proteins is to block apoptosis and remove the 
restrains to cell proliferation (Figure 1)6,13.  

Figure 1: Effect of Human Papilloma Virus (HPV) proteins 
E6 and E7 on the cell cycle 

 

 

Figure 2: Epstein-Barr Virus (EBV) in the development of Burkitt lymphoma 
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2. Epstein-Barr Virus (EBV) 

The EBV, a member of herpes family, has been found to 
cause the pathogenesis of four types of human tumours, 
i.e., the African form of Burkitt lymphoma, B cell 
lymphoma in immunosupressed indivisuals, some cases of 
Hodgkins’s lymphoma and nasopharyngeal carcinomas14. 
EBV infects epithelial cells oropharynx and B lymphocytes. 
Within B lymphocytes, the linear genome of EBV 
circularizes to form an episome in the cell nucleus. The 
infection of B cell latent, i.e., there is no replicaion of virus 
and the cells are not killed, but the latently infected B 
cells are immortalized and acquire the ablity to propagate 
indefinitely in vitro. The molecular basis of B cell 
immortalization by EBV is complex. It appears that EBV 
serves as one factor in the multistep development of 
Burkitt  lymphoma (Figure 2). Subsequent studies have 
demonstrated two important facts in EBV-associated 
malignant neoplasms. First, more than 90% of the world 
population is infected with EBV before adolescence, but 
EBV-associated malignant neoplasms develop in a limited 
number of patients in an endemic or non-endemic 
manner. Secondly, EBV is associated with the 
transformation of various types of cells such as lymphoid, 
dendritic, smooth muscle and epithelial cells. EBV-
associated gastric carcinoma (GC) is the monoclonal 
growth of EBV-infected epithelial cells. EBV-associated GC 
is distributed worldwide and more than 90,000 patients 
are estimated to develop GC annually in association with 
EBV (10% of total GC). It occurs in two forms in terms of 
the histological features, i.e., lymphoepithelioma-like GC 
and ordinary type of GC. Both share characteristic 
clinicopathological features such as the preferential 
occurrence as multiple cancer and remnant stomach 
cancer. EBV-associated GC shows gastric cell phenotype, 
resistance to apoptosis, and the production of 
immunomodulator molecules4. 

3. Hepatitis B Virus (HBV) 

The HBV is a small enveloped DNA virus which primarily 
infects hepatocytes and causes acute and persistent liver 
disease. Chronic HBV infection is a major risk factor for 
the development of HCC. The HBV is endemic in countries 
of the Far East and Africa; these areas have the highest 
incidence of HCC. Studies in experimental animals also 
support a role for HBV in the development of liver cancer. 
In virtually all cases of HBV-related liver cell cancer, the 
viral DNA is integrated in to the host cell genome, and as 
with HPV, the tumours are clonal with respect to these 
insertions6.  The role of HBV in carcinogenesis appears to 
be complex, and may involve both direct and indirect 
mechanisms. Chronic liver inflammation and hepatic 
regeneration induced by cellular immune responses may 
favour the accumulation of genetic alterations. Also that 
the HBV DNA may disrupt or promote the expression of 
cellular genes, which are important in cell growth and 
differentiation. Recent genetic studies have provided 
insight into the mechanisms underlying viral associated 
hepatocarcinogenesis, showing that the rate of 
chromosomal alterations is significantly increased in HBV-

related tumours compared with tumours associated with 
other risk factors. HBV might, therefore, play a role in 
enhancing genomic instability. These data also suggest 
that the chronic HBV infection triggers oncogenic 
pathways, thus playing a role beyond stimulation of host 
immune responses and chronic necroinflammatory liver 
disease15. Persistence of high HBV DNA concentration 
suggested an increased risk of carcinogenesis6. 

Some scientific reports on oncogenic RNA viruses 

The RNA viruses have also been found to cause various 
cancers, some of which are as under:   

1. Hepatitis C Virus (HCV) 

The HCV is an emerging infection in India which causes 
liver desease. This is a RNA virus that belongs to the 
Flaviviridae family and genus hepacivirus16. HCV is also 
strongly linked to the pathogenesis of HCC. The role of 
this virus seems to be related to its ability to cause 
chronic liver cell injury and inflammation that is 
accompanied by liver regeneration. Mitotically active 
hepatocytes, surrounded by an altered environment, are 
prone to genetic instability and cancer development5. 
Few studies from India have also corroborated the 
association between HCV and HCC; the earliest report 
from Delhi noted that 15% of patient with HCC were 
positive for antibody to HCV17. 

2. Human T-Cell Leukemia Virus Type 1 (HTLV1) 

 Only one human retrovirus, HTLV1 is firmly implicated in 
the causation of cancer. HTLV1 is associated with a form 
of ‘T’ cell leukemia / lymphoma that is endemic in certain 
parts of Japan and the Caribbean basin, but is found 
sporadically elsewhere, including the United States. 
Similar to the AIDS virus, infection of HTLV1 in human 
requires transformation of infected ‘T’ cells via sexual 
intercourse, blood products or breast-feeding. Leukemia 
develops in only 3-5% of the infected individuals after a 
long latent period of 40-60 years6. 
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