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INTRODUCTION

Work on cancer in animals first revealed the link with viruses and provided the foundation upon which all present work on virus-associated human cancers is based. The types of viruses that are linked to human cancer can often be found in many people in the normal healthy population, not just in the few who develop the malignancy. Cancer therefore represents a very rare accident of long-term infection with such a virus. Almost all forms of cancer arise through a multi-step process; a series of genetic accidents must accumulate in a cell before that cell becomes malignant and multiplies to form a tumour. In the case of virus-associated tumours, one of these 'genetic accidents' is viral infection.

Furthermore, many cancers originate from a viral infection; this is especially true in animals such as birds, but less so in humans. 20% of human cancers can be attributed to a viral infection.

What kinds of evidence are needed to link a virus with a particular type of cancer? It is not enough just to show that all patients with the cancer in question have a history of infection with that particular virus, since many healthy individuals have likewise been infected. 
For most virus types linked to cancer, the crucial evidence comes from the cancer tissue itself; often every cancer of a certain type is virus-positive, and every malignant cell within the cancer, carries the same virus genetic information. In such cases, each cancer is made up of a clonal population of cells descended from a single progenitor cell infected with the virus before clonal growth began. For most, but not all, cancer-associated viruses, the virus genome is present in the tumour cellsand, in addition, certain virus genes continue to be expressed. This is strong evidence that the virus is acting directly to promote tumour growth. In most cases of this kind, infecting normal cells with the virus in the laboratory, or introducing individual virus genes into such cells experimentally, can be shown to alter ('transform') cell growth.

Not all infectious agents linked to cancer act in this way. There are a few agents that appear to promote cancer development indirectly. They do so by establishing chronic infections at certain sites in the body and creating a local environment where cells, even uninfected cells, are at greater risk of becoming cancerous.

Cancer is defined as any uncontrolled and uncoordinated proliferation of cells which invades the local tissue and metastasizes to distant organs.

Carcinogenesis or oncogenesis is literally the creation of cancer. It is a process by which normal cells are transformed into cancer cells. It is characterized by a progression of changes on cellular and genetic level that ultimately reprogram a cell to undergo uncontrolled cell division, thus forming a malignant mass.

Cell division is a physiological process that occurs in almost all tissues and under many circumstances. Under normal circumstances, the balance between proliferation and programmed cell death, usually in the form of apoptosis, is maintained by tightly regulating both processes to ensure the integrity of organs and tissues. Mutations in DNA that lead to cancer (only certain mutations can lead to cancer and the majority of potential mutations will have no bearing) disrupt these orderly processes by disrupting the programming regulating the processes.

Carcinogenesis is caused by this mutation of the genetic material of normal cells, which upsets the normal balance between proliferation and cell death. This results in uncontrolled cell division and the evolution of those cells by natural selection in the body. The uncontrolled and often rapid proliferation of cells can lead to benign tumors; some types of these may turn into malignant tumors (cancer). Typically, changes in many genes are required to transform a normal cell into a cancer cell.

BENIGN AND MALIGNANT TUMORS
The solid mass of uncontrolled cell growth is known as tumor.

Tumors are of two types:

1. Benign tumors: These are slow growing mass of neoplasm cells [cancer cells are known as neoplasm], which compresses the surrounding tissue (giving capsulated appearance) but never metastasizes to distant organs.[metastasis means lodgement or spread of neoplasmic cells to the nearby and distant organs, organs other than the origin of the tumor cells].They have good prognosis. The neoplasmic cells resemble the cells of the parent organ. As the proliferation of the cells occur by mitosis, benign tumors have fewer mitotic figures than the malignanat tumors.

2. Malignant tumors [cancer]: These grow rapidly, invade the surrounding tissues [grow into the surrounding tissue and destroy them] and metastasizes to distant organs [lymph and blood are the route of metastasis, lymph being the most common route of metastasis]. They usually have bad prognosis. The cells have more mitotic figures than the benign neoplasm. The cells of malignant tumor are morphologically and functionally different from the normal cells and the tumor cells are less organized than the cells of the parent organ.

Carcinogenes: The substances or the agents causing cancer are known as carcinogens. Aflatoxins produced by Aspergillus, tobacco [tar of cigarette], betel nut (causes oral cancer), smoke, high energy radiations (gamma rays, x-ray, uv ray and alpha particles), chemicals (benzopyrines, inhaled asbestos, cadmium, nickel, vinyl chloride, nitrosamine, benzene etc), infectious agents/(viruses and bacteria [Helicobacter pylori causes stomach cancer]).

BASIC MECHANISMS OF CELL GROWTH TRANSFORMATION
Cancer is a genetic disease: In order for cells to start dividing uncontrollably, genes that regulate cell growth must be damaged. 
Genetic damage found in cancer cells is of two types: 

1. Dominant and the genes have been termed proto-oncogenes. Proto-oncogenes, which are normal and functional cellular genes, promote cell growth and mitosis, code for secreted proteins, transmembrane proteins, cytoplsmic proteins or nuclear proteins; all have potency to induce cancer or suppress cancer.  
Proto-oncogenes promote cell growth in a variety of ways. Many can produce hormones, "chemical messengers" between cells that encourage mitosis, the effect of which depends on the signal transduction of the receiving tissue or cells. Some are responsible for the signal transduction system and signal receptors in cells and tissues themselves, thus controlling the sensitivity to such hormones. They often produce mitogens, or are involved in transcription of DNA in protein synthesis, which create the proteins and enzymes is responsible for producing the products and biochemicals cells use and interact with.

Mutations in proto-oncogenes can modify their expression and function, increasing the amount or activity of the product protein. When this happens, they become oncogenes, and, thus, cells have a higher chance to divide excessively and uncontrollably. 

Thus, oncogenes are the activated form of proto-oncogenes, i.e., proto-oncogenes are the normal version of genes which when activated form oncogenes. 

The distinction between the terms proto-oncogene and oncogene relates to the activity of the protein product of the gene. A proto-oncogene is a gene whose protein product has the capacity to induce cellular transformation given it sustains some genetic insult. An oncogene is a gene that has sustained some genetic damage and, therefore, produces a protein capable of cellular transformation.

The process of activation of proto-oncogenes to oncogenes can include retroviral transduction or retroviral integration (see below), point mutations, insertion mutations, gene amplification, chromosomal translocation and/or protein-protein interactions.

Proto-oncogenes can be classified into many different groups based upon their normal function within cells or based upon sequence homology to other known proteins. As predicted, proto-oncogenes have been identified at all levels of the various signal transduction cascades that control cell growth, proliferation and differentiation. 

2. Recessive and the genes variously termed tumor suppressors, growth suppressors, recessive oncogenes or anti-oncogenes.

Tumor suppressor genes discourage cell growth, or temporarily halt cell division to carry out DNA repair. Many tumor suppressor genes effect signal transduction pathways which regulate apoptosis, also known as "programmed cell death". Typically, a series of several mutations to these genes is required before a normal cell transforms into a cancer cell. Mutations to these genes provide the signals for tumor cells to start dividing uncontrollably. 
Tumor suppressor genes code for anti-proliferation signals and proteins that suppress mitosis and cell growth. Generally, tumor suppressors are transcription factors that are activated by cellular stress or DNA damage. The functions of such genes is to arrest the progression of the cell cycle in order to carry out DNA repair, preventing mutations from being passed on to daughter cells. The p53 protein, one of the most important studied tumor suppressor genes, is a transcription factor activated by many cellular stressors including hypoxia and ultraviolet radiation damage.

p53 clearly has two functions: one a nuclear role as a transcription factor, and the other a cytoplasmic role in regulating the cell cycle, cell division, and apoptosis.

Among all tumor suppressors p53 is the most powerful regulator that acts at various stages of cell cycle to suppress tumor induction.  P53 is named after its molecular weight 53Kd; it is Phospho-protein always found in the nucleus, becomes tetramer and acts.  If one of the tetramer is damaged, the tetramer fails to function, which amounts to loss of function with characteristic dominant negative mutation.  It is half-life is very short-20 minutes.  Its concentration in normal cells is low, but when cell suffers damage at DNA level the protein gets activated and become stable and also it concentration increases.  If there is damage to DNA, p53 blocks cell progression beyond G1 stage. If the damage is beyond repair, p53 induces apoptosis.

P53 has many domains each of which has specific function; very rarely one finds a protein contains so many domains and so many functions.  That is one of the reasons why animal systems including human beings, with mutations in p53, are generally susceptible to cancer.  This protein acts like a vanguard among others against tumorigenesis.  More than 50% of the cancer patients have p53 disfunctioned or disfunctioning p53 in mammary carcinoma.  Mice homozygous recessive for p53 survive only for few months and 100% die, but mice with heterozygous live little longer and they are as good as dead, but statistics show 80% of them die.

When p53 suffers mutation in one or the other form, cell at any time can to be transformed into tumor with other mutated cancer causing genes.

However, a mutation can damage the tumor suppressor gene itself, or the signal pathway which activates it, "switching it off". The invariable consequence of this is that DNA repair is hindered or inhibited: DNA damage accumulates without repair, inevitably leading to cancer.

Multiple mutations: In general, mutations in both types of genes are required for cancer to occur. For example, a mutation limited to one oncogene would be suppressed by normal mitosis control and tumor suppressor genes. A mutation to only one tumor suppressor gene would not cause cancer either, due to the presence of many "backup" genes that duplicate its functions. It is only when enough proto-oncogenes have mutated into oncogenes, and enough tumor suppressor genes deactivated or damaged, that the signals for cell growth overwhelm the signals to regulate it, that cell growth quickly spirals out of control. Often, because these genes regulate the processes that prevent most damage to genes themselves, the rate of mutations increases as one gets older, because DNA damage forms a feedback loop.
VIRUSES AND CANCER
Tumor cells also can arise by non-genetic means through the actions of specific tumor viruses. Tumor viruses are of two distinct types. There are viruses with DNA genomes and those with RNA genomes. 

      The viruses that have been strongly associated with human cancers are listed in Table 1. They include human papillomaviruses, Epstein-Barr virus, human herpesvirus 8, hepatitis B virus, hepatitis C virus, and two human retroviruses plus several candidate human cancer viruses. Many viruses can cause tumors in animals, either as a consequence of natural infection or after experimental inoculation.
Table 1. Association of viruses with human cancer

	Virus Family
	Virus
	Human cancer

	DNA viruses

	Papillomaviridae
	Human papillomaviruses
	Genital tumors 

Squamous cell carcinoma 

Oropharyngeal carcinoma

	Herpesviridae
	Epstein-Barr virus
	Nasopharyngeal carcinoma 

Burkitt's lymphoma 

Hodgkin's disease 

B cell lymphoma

	
	Human herpesvirus 8
	Kaposi's sarcoma

	Hepadnaviridae
	Hepatitis B virus
	Hepatocellular carcinoma

	RNA viruses

	Retroviridae
	human T-cell lymphoma virus
	T cell leukemia

	Flaviviridae
	Hepatitis C virus
	Hepatocellular carcinoma


The mode of virally-induced tumors can be divided into two, acutely-transforming or slowly-transforming. In acutely-transforming viruses, the viral particles carry a gene that encodes for an overactive oncogene called viral-oncogene (v-onc), and the infected cell is transformed as soon as v-onc is expressed. In contrast, in slowly-transforming viruses, the virus genome is inserted, especially as viral genome insertion is obligatory part of retroviruses, near a proto-oncogene in the host genome. The viral promoter or other transcription regulation elements, in turn, cause over-expression of that proto-oncogene, which, in turn, induces uncontrolled cellular proliferation. Because viral genome insertion is not specific to proto-oncogenes and the chance of insertion near that proto-oncogene is low, slowly-transforming viruses have very long tumor latency compared to acutely-transforming virus, which already carries the viral-oncogene.

It is thought that when the virus infects a cell, it inserts a part of its own DNA near the cell growth genes, causing cell division. The group of changed cells that is formed from the first cell dividing all have the same viral DNA near the cell growth genes. The group of changed cells is now special because one of the normal controls on growth has been lost.

Depending on their location, cells can be damaged through radiation from sunshine, chemicals from cigarette smoke, and inflammation from bacterial infection or other viruses. Each cell has a chance of damage, a step on a path toward cancer. Cells often die if they are damaged, through failure of a vital process or the immune system; however, sometimes damage will knock out a single cancer gene. In an old person, there are thousands, tens of thousands or hundreds of thousands of knocked-out cells. The chance that any one would form a cancer is very low.

When the damage occurs in any area of changed cells, something different occurs. Each of the cells has the potential for growth. The changed cells will divide quicker when the area is damaged by physical, chemical, or viral agents. A vicious circle has been set up: Damaging the area will cause the changed cells to divide, causing a greater likelihood that they will suffer knock-outs.
Unlike retroviral v-oncogenes, the DNA viruses carry their own genes, which are capable inducing cancer. If the integrated viral genetic material has oncogenic property; it will transform cells into tumor cell lines.  Majority of the DNA viral genes act against p53 genes, thus they release cells from tumor suppressor activity.  

Cellular transformation by DNA tumor viruses, in most cases, has been shown to be the result of protein-protein interaction. Proteins encoded by the DNA tumor viruses, termed tumor antigens or T antigens, can interact with cellular proteins. This interaction effectively sequesters the cellular proteins away from their normal functional locations within the cell. The predominant types of proteins that are sequestered by viral T antigens have been shown to be of the tumor suppressor type. It is the loss of their normal suppressor functions that results in cellular transformation.
This model of carcinogenesis is popular because it explains why cancers grow. It would be expected that cells that are damaged through radiation would die or at least be worse off because they have fewer genes working; viruses increase the number of genes working.

One concern is that we may end up with thousands of vaccines to prevent every virus that can change our cells. Viruses can have different effects on different parts of the body. It may be possible to prevent a number of different cancers by immunizing against one viral agent. It is likely that HPV, for instance, has a role in cancers of the mucous membranes of the mouth.
Considering the whole range of viruses known in animals as well as man, only a small number of agents within particular virus families have direct growth-transforming capacity. What are these viruses and how do they work?

BASIC MECHANISM OF CELL TRANSFORMATION BY ONCOGENIC VIRUSES
Retroviruses are unusual RNA viruses which replicate by converting their genetic information into DNA form (the provirus), integrating this into the DNA of the host cell and producing new copies of the virus' RNA genome using this provirus as a master template. Very occasionally, the DNA provirus may integrate near a 'cellular oncogene' (a growth-promoting gene in the cell's own genome), liberating that gene from its usually tight control and causing it to drive the cell into growth (Figure 1.A). Such 'chronically oncogenic' viruses are found naturally in some animal species and produce tumours late in life. Very rarely, such viruses develop into 'acutely oncogenic' variants by capturing cellular oncogene sequences into the viral genome itself. These variants, so far only seen in the laboratory, produce tumours much more efficiently because they carry their own oncogene and can express it wherever they integrate in the cell genome (Figure 1.B). Yet a third mechanism of retrovirus-induced cell transformation exists (Figure 1.C) and is described in the context of a human retrovirus HTLV1.
DNA viruses all possess one or more genes which are used early in the normal infectious cycle and transiently activate cell growth; this is important to these viruses because a transiently 'activated' cell becomes a much better factory for virus replication. Very occasionally, and with the exception of the herpesviruses, the viral genome accidentally integrates into the cell DNA and may do so in such a way that the early, growth-activating genes of the virus are permanently expressed. The normal infectious cycle is interrupted and the cell permanently activated into growth (Figure 2.A). The viral genome of the cancer-associated herpesviruses is much larger. It can be stably maintained in the cell and express growth-activating latent genes without integration.
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Figure 1. Basic mechanism of cell transformation by retroviruses: 

A) integrated provirus activates adjacent cellular oncogene; 

B) provirus carries a “captured” cellular oncogene;

C) provirus-coded protein activates cellular genes.
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Figure 2. Basic mechanism of cell transformation by DNA viruses:

A) Integrated viral DNA carries an oncogene into a cell and permanently expresses “early” viral genes;

B) Viral DNA integration destabilizes cellular genome and/or activates adjacent cellular oncogenes.

Multistep Carcinogenesis. Carcinogenesis is a multistep process, ie, multiple genetic changes must occur to convert a normal cell into a malignant one. Intermediate stages have been identified and designated by terms such as "immortalization," "hyperplasia," and "preneoplastic." Tumors usually develop slowly over a long period of time. The natural history of human and animal cancers suggests a multistep process of cellular evolution, probably involving cellular genetic instability and repeated selection of rare cells with some selective growth advantage. The number of mutations underlying this process is estimated to range from five to eight. Observations suggest that activation of multiple cellular oncogenes and inactivation of tumor suppressor genes are involved in the evolution of tumors whether or not a virus is involved.

It appears that a tumor virus usually acts as a cofactor, providing only some of the steps required to generate malignant cells. Viruses are necessary—but not sufficient—for development of tumors with a viral etiology. Viruses often act as initiators of the neoplastic process and may do so by different mechanisms.
INTERACTIONS OF TUMOR VIRUSES WITH THEIR HOSTS
Persistent Infections. The pathogenesis of a viral infection and the response of the host are integral to understanding how cancer might arise from that background. The known tumor viruses establish long-term persistent infections in humans. Because of differences in individual genetic susceptibilities and host immune responses, levels of virus replication and tissue tropisms may vary among persons. Even though very few cells in the host may be infected at any given time, the chronicity of infection presents the long-term opportunity for a rare event to occur that allows survival of a cell with growth control mechanisms that are virus-modified.

Mechanisms of Action by Human Cancer Viruses. Tumor viruses mediate changes in cell behavior by means of a limited amount of genetic information. There are two general patterns by which this is accomplished: The tumor virus introduces a new "transforming gene" into the cell (direct-acting), or the virus alters the expression of a preexisting cellular gene or genes (indirect-acting). In either case, the cell loses control of normal regulation of growth processes. DNA repair pathways are frequently affected, leading to genetic instability and a mutagenic phenotype.

Viruses usually do not behave as complete carcinogens. In addition to changes mediated by viral functions, other alterations are necessary to disable the multiple regulatory pathways and checkpoints in normal cells to allow a cell to become completely transformed. There is no single mode of transformation underlying viral carcinogenesis. At the molecular level, oncogenic mechanisms by human tumor viruses are very diverse.

Cellular transformation may be defined as a stable, heritable change in the growth control of cells in culture. No set of characteristics invariably distinguishes transformed cells from their normal counterparts. In practice, transformation is recognized by the cells' acquisition of some growth property not exhibited by the parental cell type. Transformation to a malignant phenotype is recognized by tumor formation when transformed cells are injected into appropriate test animals.

Indirect-acting tumor viruses are not able to transform cells in culture.

Cell Susceptibility to Viral Infections. At the cellular level, host cells are either permissive or nonpermissive for replication of a given virus. Permissive cells support viral growth and production of progeny virus; nonpermissive cells do not. Especially with the DNA viruses, permissive cells are not transformed unless the viral replicative cycle that normally results in death of the host cell is blocked in some way; nonpermissive cells may be transformed. In contrast, a characteristic property of RNA tumor viruses is that they are not lethal for the cells in which they replicate. Cells that are permissive for one virus may be nonpermissive for another.

Not all cells from the natural host species are susceptible to viral replication or transformation or both. Most tumor viruses exhibit marked tissue specificity, a property that probably reflects the variable presence of surface receptors for the virus, the ability of the virus to cause disseminated versus local infections, or intracellular factors necessary for viral gene expression.

Some viruses are associated with a single tumor type, whereas others are linked to multiple tumor types. These differences reflect the tissue tropisms of the viruses.

Retention of Tumor Virus Nucleic Acid in a Host Cell. The stable genetic change from a normal to a neoplastic cell generally requires the retention of viral genes in the cell. Oftentimes but not always, this is accomplished by the integration of certain viral genes into the host cell genome. With DNA tumor viruses, a portion of the DNA of the viral genome may become integrated into the host cell chromosome. Sometimes, episomal copies of the viral genome are maintained in tumor cells. With retroviruses, the proviral DNA copy of the viral RNA is integrated in the host cell DNA. Genome RNA copies of hepatitis C virus that are not integrated are maintained in tumor cells.

In some viral systems, virus-transformed cells may release growth factors that affect the phenotype of neighboring uninfected cells, thereby contributing to tumor formation. It is also possible that as tumor cells collect genetic mutations during tumor growth, the need for the viral genes that drove tumor initiation may become unnecessary and will be lost from some cells.

HEPATITIS B VIRUS & HEPATITIS C VIRUS
Hepatitis B virus (HBV), a member of the Hepadnaviridae family, is characterized by 42-nm spherical virions with a circular genome of double-stranded DNA (3.2 kbp). One strand of the DNA is incomplete and variable in length. The virus particle, (virion) consists of an outer lipid envelope and an icosahedral nucleocapsid core composed of protein. The nucleocapsid encloses the viral DNA and a DNA polymerase that has reverse transcriptase activity. The outer envelope contains embedded proteins which are involved in viral binding of, and entry into, susceptible cells (Figure 3).
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Figure 3. Structure of hepatitis B virus.
In addition to causing hepatitis, hepatitis B virus is a risk factor in the development of liver cancer in humans. Epidemiologic and laboratory studies have proved persistent infection with hepatitis B virus to be an important cause of chronic liver disease and the development of hepatocellular carcinoma. Hepatitis B virus infections occurring in adults are usually resolved, but primary infections in neonates and young children tend to become chronic in up to 90% of cases. It is these persistent hepatitis B virus infections established early in life that carry the highest risk of hepatocellular carcinoma later in life.
The mechanism of oncogenesis remains obscure. Persistent viral infection leads to necrosis, inflammation, and liver regeneration which over time result in cirrhosis; hepatocellular carcinoma usually arises out of this background. The hepatitis B virus transactivator protein, X protein, is a potential viral oncoprotein. A dietary carcinogen, aflatoxin, may be a cofactor for hepatocellular carcinoma, especially in Africa and China.

The advent of an effective hepatitis B vaccine for the prevention of primary infection raises the possibility of prevention of hepatocellular carcinoma, particularly in areas of the world where infection with hepatitis B virus is hyperendemic (eg, Africa, China, Southeast Asia). Because of the long latent period before cancer development, however, the effects of vaccination will not be apparent for at least 20 years.

Hepatitis C virus (HCV) is an enveloped RNA virus, which causes most non‑B viral hepatitis that is transmitted parenterally (i.e., by injection, transfusion, or other contact with body fluids). It is a member of the Flaviviridae family of viruses and has a particle size of about 50 nm in diameter (Figure 4). The positive-sense RNA genome codes for production of a polyprotein; enzymes produced by the virus and the host cell then cleave the polyprotein into the smaller structural and nonstructural proteins that make up the mature virus particle. The structural proteins, which are incorporated into the viral envelope, consist of the core (nucleocapsid) protein and two glycoproteins (E1 and E2). 
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Figure 4. Structure of hepatitis C virus.

Replication of HCV often results in random mutations that are not corrected by the RNA polymerase because it lacks a proofreading function. As a result, the genomes of HCV strains show extensive variability. However, some regions of the genome are more variable than others, and classification of HCV genotypes is based on differences in the less variable regions of the genome. 

It appears that the majority of infections become persistent, even in adults.
Chronic infection with hepatitis C virus is also considered to be a causative factor in hepatocellular carcinoma. Most probably, hepatitis C virus acts indirectly in the development of hepatocellular carcinoma.

There are currently over 250 million people worldwide persistently infected with hepatitis B virus and over 170 million chronic carriers of hepatitis C virus—a large pool of individuals at risk of developing liver cancer.
Hepatocellular carcinoma (HCC). Mechanism of transformation. With over 600 000 new cases per year, hepatocellular carcinoma is the 5th most common cancer and the 3rd cause of cancer mortality worldwide. Over 80% of the cases occur in non-Western countries, in particular in South-Eastern Asia. The main risk factors are chronic infections by Hepatitis B or C viruses. 
The role of HBV in tumour formation appears to be complex and may involve both direct and indirect mechanisms. 
The mechanisms by which HBV contributes to liver cancer are multiple, complex, and far from being fully understood. In brief, three main effects can be distinguished. First, chronic infection induces inflammation and deregulation of the physiological balance between liver cell proliferation, differentiation and apoptosis. This disrupted state often leads to cirrhosis, a precursor of HCC and may favour the accumulation of genetic alterations in infected hepatocytes. Second, early in the carcinogenic process, HBV DNA becomes integrated in the host cell genome, potentially acting as an insertional mutagen to deregulate adjacent oncogenes or tumor suppressors. Third, HBV expresses proteins such as HBxAg that interacts with a variety of cell components, affecting many aspects of transcription, proliferation, or survival and sensitize liver cells to carcinogenic factors. HBxAg is a trans-activating protein that may promote tumor formation by altering the patterns of host gene expression. HBxAg may do this by activating signal transduction pathways and by binding to transcription factors that influence host gene expression. Among these changes, HBxAg upregulates the expression of cellular proteins that promote cell growth and survival and suppress expression or functionally inactivates negative growth regulatory proteins.

The contribution of each of the above mechanisms depends on the host immune response, the synergic effects of environmental factors, and the molecular characteristics of the strain of HBV involved. Eight major HBV genotypes have been identified (genotypes A to H), characterizing groups of viruses that show less than 8% sequence divergence between them. These genotypes differ by their geographic and ethnic distribution and their pathogenicity. In South-Eastern Asia, the predominant genotypes are B and C, in contrast with, for example, genotype A in Northwest Europe and North America, genotype D in Southern Europe and the Middle East, and genotype E in West Africa. Disease severity has also been shown to be associated with mutation in the Basal Core Promoter (BCP) region of the viral genome, resulting in a double base substitution (G1762A/A1764T). 

Hepatocarcinogenesis is accompanied by genetic and epigenetic alterations at multiple loci, the most frequent of which are inactivating mutations in TP53 (encoding the p53 protein, in 20 to 80% of the cases depending upon geographic and exposure contexts) and activating mutations in the N-terminus of CTNNB1 (encoding the transcription factor β-catenin, in 10 to 30% of the cases).

Recent genetic strongly support the notion that chronic HBV infection might trigger specific oncogenic pathways, thus playing a role beyond stimulation of host immune responses and chronic necro-inflammatory liver disease.
As HCV is an RNA virus with little potential for integration of its genetic material into the host genome, the mechanisms underlying HCV promotion of cancer are likely to differ from other models of viral carcinogenesis. In patients persistently infected with HCV, chronic inflammation resulting from immune responses against infected hepatocytes is associated with progressive fibrosis and cirrhosis. Cirrhosis is an important risk factor for HCC independent of HCV infection, and a majority of HCV-associated HCC arises in the setting of cirrhosis. However, a significant minority arises in the absence of cirrhosis, indicating that cirrhosis is not a prerequisite for cancer. Other lines of evidence suggest that direct, virus-specific mechanisms may be involved. In vitro studies have revealed multiple interactions of HCV-encoded proteins with cell cycle regulators and tumor suppressor proteins p53, raising the possibility that HCV can disrupt control of cellular proliferation, or impair the cell's response to DNA damage. A combination of virus-specific, host genetic, environmental and immune-related factors are likely to determine the progression to HCC in patients who are chronically infected with HCV.

HUMAN PAPILLOMAVIRUSES
Human Papilloma virus (HPV) contains a protein capsid and ds DNA, of 8 Kbp long. It transcribes early genes and the products are E6 and E7 (Figure 5). 
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Figure 5.Structure of papillomaviruses.

Papillomaviruses are a family of closely related agents that infect epithelial cells either of the skin or of inner 'mucosal' surfaces.

Pathogenesis & Pathology. Transmission of viral infections occurs by close contact. Viral particles are released from the surface of papillomatous lesions. It is likely that microlesions allow infection of proliferating basal layer cells at other sites or within different hosts.

Papillomaviruses cause infections at cutaneous and mucosal sites, sometimes leading to the development of different kinds of warts, including skin warts, plantar warts, flat warts, genital condylomas, and laryngeal papillomas. 
HPV genital infections are sexually transmitted and represent the most common sexually transmitted disease. An estimated 660 million people worldwide have HPV genital infections. The peak incidence of HPV infections occurs in adolescents and young adult under 25 years of age. 

Cervical cancer is the second most frequent cancer in women worldwide (about 500,000 new cases annually) and is a major cause of cancer deaths in developing countries. Over 99% of cervical cancer cases are linked to genital infections with HPVs. 
Papillomaviruses illustrate the concept that natural viral strains may differ in oncogenic potential. Based on the relative occurrence of viral DNA in certain cancers, HPV types 16 and 18 are considered to be high cancer risk; less common high-risk types are 30, 31, 33, 35, 39, 45, 51–53, 56, 58, 59, 66, 68, 73, and 82. Types 6, 11, 40, 42–44, 54, 61, 70, 72, and 81 are classified as low risk mucosal HPV types. Many HPV types are considered benign.

Although many different HPV types cause genital infections, HPV-16 or HPV-18 is found most frequently in cervical carcinomas, though some cancers contain DNA from other types, such as HPV type 31. Epidemiologic studies indicate that HPV-16 and HPV-18 are responsible for more than 70% of all cervical cancers. 

Anal cancer is associated with high-risk HPV infection. Immunocompromised patients are especially at risk, as are men who have sex with men. Oropharyngeal cancers, a subset of head and neck squamous cell carcinomas, are also linked to HPV infections, especially by type 16.

The role of men as carriers of HPV as well as vectors for transmission of infections is well documented; however, most penile HPV infections in men are subclinical and do not result in HPV-associated disease.

Laryngeal papillomas in children, also called recurrent respiratory papillomatosis, are caused by HPV-6 and HPV-11, the same viruses that cause benign genital condylomas. The infection is acquired during passage through the birth canal of a mother with genital warts. While laryngeal papillomas are rare, the growths may obstruct the larynx and must be removed repeatedly by surgical means. About 3000 cases of this disease are diagnosed annually; up to 3% of children will die.

There is a high prevalence of HPV DNA in normal skin from healthy adults. It appears that these asymptomatic HPV infections are acquired early in infancy. A great multiplicity of HPV types are detected in normal skin. Transmission is thought to occur from those in close contact with the child, with a high concordance (about 60%) between types detected in infants and their mothers.

The behavior of HPV lesions is influenced by immunologic factors. Cell-mediated immunity is important. Nearly all HPV infections are cleared and become undetectable within 2–3 years.

Cervical cancer develops slowly, sometimes taking years to decades. It is thought that multiple factors are involved in progression to malignancy; however, persistent infection with a high-risk HPV is a necessary component to the process.

Immunosuppressed patients experience an increased incidence of warts and cancer of the cervix. All HPV-associated cancers occur more frequently in persons with HIV/AIDS.

Mechanism of transformation. The virus matches its own life cycle to the life cycle of the epithelial cells and replicates to produce new virus particles just as the cells become 'squamous' and reach the surface of the skin or mucosa. This replication causes warts (papillomas).

Most warts are benign lesions which eventually clear up, for instance common skin warts caused by HPV types 1 and 2 or genital warts caused by HPV 6 and 11. However, other genital lesions can be caused by particular 'high risk' virus types such as HPV 16 and 18.

A key step in this progression seems to be the accidental integration of viral DNA sequences into the genome of cells in the 'basal' epithelial layer, the cells in which papillomaviruses normally persist as a latent infection.

When the cells move upwards, replication to new virus particles no longer occurs and the normal progress of infection is interrupted. Integrated copies of viral DNA are usually present in cervical cancer cells, though HPV DNA is generally not integrated (episomal) in noncancerous cells or premalignant lesions. Skin carcinomas appear to harbor HPV genomes in an episomal state. Viral early proteins E6 and E7 are synthesized in cancer tissue. These are HPV transforming proteins, able to complex with tumor suppressor proteins Rb and p53 and other cellular proteins and inactivate them, thus they cause immortalization of cells.

Secondary genetic changes occurring in these latently-infected proliferating cells can then complete the oncogenic process.
Co-factors influencing the chances of progression of HPV infection in cervical cancer include cigarette smoking, higher parity, earlier age at first intercourse and immune suppression. Smoking also appears to interact with HPV in vulval cancer. Infection with certain other sexually transmitted infections may also act as a co-factor with HPV infection: A pooled analysis of case-control studies reported almost a doubling in risk of squamous cell carcinoma (SCC) of the cervix among women with evidence of infection with herpes simplex virus-2 (HSV-2) and with HPV DNA in cells compared with women positive for HPV only. HSV-2 infection has also been associated with an increased risk of anal cancer, vaginal cancer, in situ vulval cancer, and penile cancer. An international multi-centre case-control study reported a 70% risk increase for cervical SCC in HPV-positive women with antibodies to chlamydia trachomatis. In addition to HPV prevalence, these factors influence incidence rates of cervical cancer seen in different countries as does the existence of cervical screening programmes. 
Prevention & Control. Vaccines against HPV are expected to be a cost-effective way to reduce anogenital HPV infections, the incidence of cervical cancer, and the HPV-associated health care burden. A quadrivalent HPV vaccine was approved in 2006. It is a noninfectious recombinant vaccine produced in yeast and containing virus-like particles composed of HPV L1 proteins. The vaccine contains particles derived from HPV types 6, 11, 16, and 18. The vaccine is effective at preventing persistent infections by the four HPV types and the development of HPV-related genital precancerous lesions. It is not effective against established HPV disease. Adolescent and young adult females make up the initial target population for vaccination. It is not known how long vaccine-induced immunity lasts.
HERPESVIRUSES
These large viruses (diameter 125–200 nm) contain a linear genome of double-stranded DNA (125–240 kbp) and have a capsid with icosahedral symmetry surrounded by an outer lipid-containing envelope (Figure 6). Herpesviruses typically cause acute infections followed by latency and eventual recurrence in each host, including humans.
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Figure 6.Structure of herpesviruses.

In humans, herpesviruses have been linked to several specific types of tumors. Epstein-Barr (EB) herpesvirus causes acute infectious mononucleosis when it infects B lymphocytes of susceptible humans. Normal human lymphocytes have a limited life span in vitro, but EB virus can immortalize such lymphocytes into lymphoblast cell lines that grow indefinitely in culture.

EB virus is etiologically linked to Burkitt's lymphoma, a tumor most commonly found in children in central Africa; to nasopharyngeal carcinoma (NPC), more common in Cantonese Chinese and Alaskan Eskimos than other populations; to posttransplant lymphomas; and to Hodgkin's disease. These tumors usually contain EB viral DNA (both integrated and episomal forms) and viral antigens.

EB virus encodes a viral oncogene protein (LMP1) that mimics an activated growth factor receptor. LMP1 is able to transform rodent fibroblasts and is essential for transformation of B lymphocytes. Several EB virus-encoded nuclear antigens (EBNAs) are necessary for immortalization of B cells; EBNA1 is the only viral protein consistently expressed in Burkitt's lymphoma cells. EB virus is very successful at avoiding immune elimination; this may be due in part to the function of EBNA1 in inhibition of antigen processing to allow infected cells to escape killing by cytotoxic T lymphocytes.

Malaria may be a cofactor of African Burkitt's lymphoma. Most of those tumors also show characteristic chromosomal translocations between the c-myc gene and immunoglobulin loci, leading to the constitutive activation of myc expression. Consumption of salted or dried fish may be a dietary cofactor in EB virus-related NPC.

Kaposi's sarcoma-associated herpesvirus, also known as human herpesvirus 8 (KSHV/HHV8), is not as ubiquitous as most other human herpesviruses. It is suspected of being the cause of Kaposi's sarcoma, primary effusion lymphoma, and a particular lymphoproliferative disorder. KSHV has a number of genes that may stimulate cellular proliferation and modify host defense mechanisms.
RETROVIRUSES
Structure & Composition. Retrovirus particles contain the helical ribonucleoprotein within an icosahedral capsid that is surrounded by an outer membrane (envelope) containing glycoprotein and lipid. Type-specific or subgroup-specific antigens are associated with the glycoproteins in the viral envelope, which are encoded by the env gene; group-specific antigens are associated with the virion core, which are encoded by the gag gene. The retrovirus genome consists of two identical subunits of single-stranded, positive-sense RNA, each 7–11 kb in size. The reverse transcriptase contained in virus particles is essential for viral replication (Figure 7).
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Figure 7. Structure of retroviruses.

Host of Origin. Retroviruses have been isolated from virtually all vertebrate species. Most viruses of a given type are isolated from a single species, though natural infections across species barriers may occur. Group-specific antigenic determinants on the major internal (core) protein are shared by viruses from the same host species. All mammalian viruses are more closely related to one another than to those from avian species.

The RNA tumor viruses most widely studied experimentally are the sarcoma viruses of chickens and mice and the leukemia viruses of mice, cats, chickens, and humans.

Exogenous or Endogenous. Exogenous retroviruses are spread horizontally and behave as typical infectious agents. They initiate infection and transformation only after contact. In contrast to endogenous viruses, which are found in all cells of all individuals of a given species, gene sequences of exogenous viruses are found only in infected cells. The pathogenic retroviruses all appear to be exogenous viruses.

Retroviruses may also be transmitted vertically through the germ line. Viral genetic information that is a constant part of the genetic constitution of an organism is designated as "endogenous." An integrated retroviral provirus behaves like a cluster of cellular genes and is subject to regulatory control by the cell. This cellular control usually results in partial or complete repression of viral gene expression. Its location in the cellular genome and the presence of appropriate cellular transcription factors determine to a great extent if (and when) viral expression will be activated. It is not uncommon for normal cells to maintain the endogenous viral infection in a quiescent form for extended periods of time.

Many vertebrates, including humans, possess multiple copies of endogenous RNA viral sequences. The endogenous viral sequences are of no apparent benefit to the animal. However, it has recently been discovered that endogenous proviruses of mammary tumor virus carried by inbred strains of mice express superantigen activities that influence the T cell repertoires of the animals.

Endogenous viruses are usually not pathogenic for their host animals. They do not produce any disease and cannot transform cells in culture. (There are examples of disease caused by replication of endogenous viruses in inbred strains of mice.)

Important features of endogenous viruses are as follows: (1) DNA copies of RNA tumor virus genomes are covalently linked to cellular DNA and are present in all somatic and germ cells in the host; (2) endogenous viral genomes are transmitted genetically from parent to offspring; (3) the integrated state subjects the endogenous viral genomes to host genetic control; and (4) the endogenous virus may be induced to replicate either spontaneously or by treatment with extrinsic (chemical) factors.

Host Range. The presence or absence of an appropriate cell surface receptor is a major determinant of the host range of a retrovirus. Infection is initiated by an interaction between the viral envelope glycoprotein and a cell surface receptor. Ecotropic viruses infect and replicate only in cells from animals of the original host species. Amphotropic viruses exhibit a broad host range (able to infect cells not only of the natural host but of heterologous species as well) because they recognize a receptor that is widely distributed. Xenotropic viruses can replicate in some heterologous (foreign) cells but not in cells of the natural host. Many endogenous viruses have xenotropic host ranges.

Oncogenic Potential. The retroviruses that contain oncogenes are highly oncogenic. They are sometimes referred to as "acute transforming" agents because they induce tumors in vivo after very short latent periods and rapidly induce morphologic transformation of cells in vitro. The viruses that do not carry an oncogene have a much lower oncogenic potential. Disease (usually of blood cells) appears after a long latent period (ie, "slow transforming"); cultured cells are not transformed.

Briefly, neoplastic transformation by retroviruses is the result of a cellular gene that is normally expressed at low, carefully regulated levels becoming activated and expressed constitutively. In the case of the acute transforming viruses, a cellular gene has been inserted by recombination into the viral genome and is expressed as a viral gene under the control of the viral promoter. In the case of the leukemia viruses, the viral promoter or enhancer element is inserted adjacent to or near the cellular gene in the cellular chromosome.

Human Retroviruses. Only a few retroviruses are linked to human tumors. The human T-lymphotropic (HTLV) group of retroviruses has probably existed in humans for thousands of years. HTLV-1 has been established as the causative agent of adult T cell leukemia-lymphomas (ATL) as well as a nervous system degenerative disorder called tropical spastic paraparesis. It does not carry an oncogene. A related human virus, HTLV-2, has been isolated but has not been conclusively associated with a specific disease. HTLV-1 and HTLV-2 share about 65% sequence homology and display significant serologic cross-reactivity.

The virus is distributed worldwide, with an estimated 10 to 20 million infected individuals. Clusters of HTLV-associated disease are found in certain geographic areas (southern Japan, Melanesia, the Caribbean, Central and South America, and parts of Africa).
Transmission of HTLV-1 seems to involve cell-associated virus. Mother-to-child transmission via breast feeding is an important mode. Efficiency of transmission from infected mother to child is estimated at 15–25%. Such early-life infections are associated with the greatest risk of ATL. Blood transfusion is an effective means of transmission, as are sharing blood-contaminated needles (drug abusers) and sexual intercourse.

About 1-3% of infected individuals will develop aggressive leukemia after an incubation period which is usually several decades long. Following an asymptomatic period, the patient may progress to chronic/smouldering ATL. This is manifested by skin lesions and high leukocyte count. They then progress to acute ATL within several months. Symptoms include lymphadenopathy, hepatosplenomegaly, and hypercalcaemia. The survival time is measured in months.
Mechanism of transformation. The human lymphotropic viruses have a marked affinity for mature T cells. 

Retroviruses can induce the transformed state within the cells they infect by two mechanisms. Both of these mechanisms are related to the life cycle of these viruses. When a retrovirus infects a cell its RNA genome is converted into DNA by the viral encoded RNA-dependent DNA polymerase (reverse transcriptase). The DNA then integrates into the genome of the host cell where it can remain being copied as the host genome is duplicated during the process of cellular division. The long terminal repeats (LTRs) promote the transcription of the viral DNA leading to the production of new virus particles. It appears that the viral promoter-enhancer sequences in LTRs may be responsive to signals associated with the activation and proliferation of T cells. If so, the replication of the viruses may be linked to the replication of the host cells—a strategy that would ensure efficient propagation of the virus.
The human retroviruses are transregulating. They carry a gene, tax, that is necessary for viral replication and may contribute to oncogenesis by also modulating cellular genes that regulate cell growth and promoting cell proliferation.
At some frequency the integration process leads to rearrangement of the viral genome and the consequent incorporation of a portion of the host genome into the viral genome. This process is termed transduction. Occasionally this transduction process leads to the virus acquiring a proto-oncogene from the host that is normally involved in cellular growth control. Because of the alteration of the host proto-oncogene during the transduction process as well as the gene being transcribed at a higher rate due to its association with the retroviral LTRs the transduced oncogene confers a growth advantage to the infected cell. The end result of this process is unrestricted cellular proliferation leading to tumorigenesis. Numerous oncogenes have been discovered in the genomes of transforming retroviruses.
The second mechanism by which retroviruses can transform cells relates to the powerful transcription promoting effect of the LTRs. When a retrovirus genome integrates into a host genome it does so randomly. At some frequency this integration process leads to the placement of the LTRs close to a gene that encodes a growth regulating protein. If the protein is expressed at an abnormally elevated level it can result in cellular transformation. This is termed retroviral integration induced transformation.

TUMOR IMMUNITY
The interaction between tumor cells and the host immune system are complex, involving a multitude of cell types and mediators. Immune system has the potential to eliminate neoplastic cells, as evidenced by rare but well documented instances of spontaneous remissions (with no or inadequate treatment) in renal cell carcinoma and melanoma. 

The development of an immune response requires the highly regulated interaction of a number of different types of white blood cells: CD4+ and CD8+ T cells, NK T cells, neutrophils, macrophages, antibodies (Ab’s), Fc receptors, IFN-γ, and perforin (Figure 8). When exposed to a potential target (antigen), cells called antigen-presenting cells or dendritic cells (DC) take up antigenic material, are activated, and then travel to the lymph nodes. There they interact with T and B lymphocytes, resulting in the generation of antibodies and lymphocyte populations that can kill cells bearing the antigen. In addition to effector populations, regulatory cells that enhance or inhibit the end stage effector response are activated (Figure 9). 

[image: image9.emf]
Figure 8. Interaction of a number of different types of white blood cells in immune response against breast cancer.
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Figure 9. Interactions of tumor cells with dendritic cells and T cells

Generally speaking there are two broad types of anti-tumor immune responses. One involves the humoral arm of the immune system and the other involves the cellular arm of the immune system. An important aspect of either is the ability of antigen presenting cells to process and present tumor-related peptide antigens that are the primary basis for immune recognition of tumor cells. Tumor antigens that have been phagocytosed and partially digested by antigen presenting cells are presented on the surface of antigen presenting cells, giving the opportunity for the properly sensitized immune system to react to the tumor. Examples of such antigen-presenting cells include macrophages, epidermal Langerhans cells, other types of dendritic cells and B-cells.
The Antibody-Mediated Arm of Tumor Immunity. Antibody-dependent mechanisms of tumor immunity include antibody dependent cell-mediated cytotoxicity (ADCC), complement dependent cytotoxicity (CDC) and opsonization. These mechanisms depend on the ability of the immune system to create antibodies to tumor cell surface.
Antibody-Dependent Cell Medicate Cytotoxicity (ADCC) involves the attachment of tumor-specific antibodies to tumor cells and the subsequent destruction of the tumor cell by immunocompetent cells. Fc receptors on immunocompetent cells recognize the Fc portion of antibodies adhering to surface tumor antigens (Figure 10). Most commonly the effector cell of ADCC is a natural killer (NK) cell. Following recognition and attachment via its Fc receptors, the NK cell can destroy the target tumor cell through release of granules containing perforin and granzymin B and/or activation of apoptosis system in the target cell. Perforin molecules make holes or pores in the cell membrane, disrupting the osmotic barrier and killing the cell via osmotic lysis. 
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Figure 10. Antibody-dependent cell-mediated cytotoxicity 

Complement-dependent cell-mediated cytotoxicity (CDC) involves the recognition and attachment of complement-fixing antibodies to tumor specific surface antigens followed by complement activation (Figure 11). Sequential activation of the components of the complement system ultimately lead to the formation of the membrane attack complex (MAC) which forms transmembrane pores that disrupt the osmotic barrier of the membrane and lead to osmotic lysis. 
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Figure 11. Complement-dependent cytotoxicity.


Opsonization is the process in which tumor-specific antibodies attach to their target antigens on tumor cell surfaces, thus marking them for engulfment by macrophages (Figure 12). This can also lead to processing and presentation of new tumor-specific antigens by the macrophage in addition to direct destruction of the tumor cells. 
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Figure 12. Opsonization and phagocytosis.


The Cell-Medicated Arm of Tumor Immunity. Cell-mediated tumor defenses include cytolytic T-lymphocytes, NK cells and macrophages. Cytolytic (CD8 positive) T-cells recognize the foreign tumor antigens and kill the tumor cell (Figure 13). 
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Figure 13. The principal mechanism of tumor immunity is killing of tumor cells by CD8+ T cells.
Interleukins are the generic name given to the intracellular signaling molecules that lymphocytes use to communicate with each other. As such they are important mediators of immunologic responses. 


IL-2 is one of the most important early signaling molecules in an immune response. IL-12 is involved in stimulating the differentiation of helper lymphocytes into Th1 type cells, which are important in cell mediated defense against tumors. 


IFN-g is the interferon. Major roles of IFN-g are to activate macrophages and stimulate antibody production by B-cells. IFN-g has been used as an independent therapy for tumors and as an adjuvant. 

Probably there are many proto-tumors that begin to form, taking a few steps along the long route to full-blown cancer, but that are destroyed by the immune system long before they ever become detectable. Probably many more tumors form and take those early steps, and though they are not completely eliminated by the immune system they are controlled — the immune system prevents the proto-tumor from ever becoming more than a little cluster of cells, even though that little cluster of cells may persist for many years.

Actually, that’s not quite what the theory suggests. A tumor that’s reached the detectable level grows faster than the immune system shuts it down, true; but that doesn’t mean there’s no influence of the immune system. Yes, the tumor could be growing twice as fast as it should, with no influence of the immune system. But equally, the tumor could be growing 10 times too fast, with the immune system destroying 90% of that. The overall rate would look the same; but in the latter case, we only need to push the growth rate down, or crank up the immune response, by 11%, to drive the tumor into remission.

On the horizon are anticancer vaccines made by manipulating genes. Intended to protect cancer patients against a recurrence, these vaccines can incorporate genes for immunogenic tumor antigens or genes for histocompatibility antigens able to galvanize killer T cells, as well as genes for substances such as TNF or interleukin-2. Other anticancer strategies call for introducing genes that can shut down cancer-promoting oncogenes or replace faulty cancer-restraining suppressor genes.

Genes can be packaged, for delivery, in a variety of ways: inserted into the genetic material of such carriers as the familiar vaccinia virus (Vaccines Through Biotechnology) or inactivated retroviruses, grafted onto a protein carrier that magnifies the immune response (an adjuvant), or tucked into fat globules known as liposomes.
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