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Introduction
The study of cancer by epidemiologists has provided valuable clues as to the agents that may be causative.  One of the earliest observations was made by Sir Percival Pott, who noted an increase in scrotal carcinoma in chimney sweeps as a result of chronic exposure to soot.  Since this time, both genetic and environmental factors have been implicated in this process.  The agents commonly responsible for malignant transformation can be broadly classified into three groups:

1.
Chemical carcinogens;

2.
Radiation;

3.
Viruses.

Chemical Carcinogenesis
Chemical carcinogenesis involves multiple steps that can be divided into two classic steps:  (1) initiation, and (2) promotion.

Initiation
Initiation is the process whereby a cell is rendered likely to proceed into tumorigenesis.  This process is not sufficient for tumour formation and requires other steps (promotion).  The effects of initiators are rapid and irreversible.  Chemicals that initiate carcinogenesis fall into two categories:  (1) direct acting compounds, and (2) indirect acting pro‑carcinogens.  All of these compounds react very easily with DNA in order to form covalent adducts, and it is these adducts which may cause a hereditable change in the DNA, known as mutagenesis.  The Ames test has long been used to study mutagenic potential of various chemical carcinogens.  The test is simple and uses the bacterium Salmonella typhimurium which, in the presence of a mutagen, acquires a functional histidine gene.

Promotion
Promoters can induce tumours in an initiated cell, but are not tumorigenic on their own.  The effects of promoters are reversible.  The best known promoter is TPA.  This phorbol ester has a wide variety of effects, including partial transformation and induction of differentiation.  This wide variety of effects suggest that TPA functions on a general level in the cell.  It is now known that TPA can activate protein kinase C (PKC), an integral part of the signal transduction pathways within cells.

Specific Carcinogens
Direct‑acting Alkylating Agents

‑
examples include cyclophosphamide and chlorambucil.  These are used as therapeutic agents in treating cancers.

Polycyclic Aromatic Hydrocarbons

‑
these are very potent carcinogens.  Of note, they are produced in cigarette smoke, found in broiled and smoked meats.

Aromatic Amines and Azo Dyes

‑
-naphthylamine has previously been responsible for a vast increase in bladder carcinoma in aniline dye and rubber industries.  Azo dyes, such as butter yellow in margarine and scarlet red are now very tightly controlled.

Natural carcinogens

‑
Aflatoxin B1 is produced by Aspergillus flavus species and is known to cause hepatocellular carcinoma.

Nitrosamines

‑
are formed in the G.I. tract and may be responsible for stomach cancer.

Other well known carcinogens include asbestos and vinyl chloride.

Radiation
Ultraviolet Radiation
There is considerable evidence that exposure to ultraviolet radiation (UV) causes skin cancer.  UV comes to us from the sun and has been divided into three broad electromagnetic bands:  UVA, UVB and UVC.  UVC is largely filtered out by the atmosphere and is not of importance.  UVB has been most closely linked with skin cancer, both in animals and mice.  UVA, once thought to be safe, has also been shown to be carcinogenic.  UVA is used in tanning salons.  With the depletion of the ozone layer, increasing amounts of UV are reaching the earth and it is predicted that for every 1% drop in the ozone layer, the incidence of skin cancer increases 2‑4%.  UV is a direct carcinogen and appears to work by the induction of pyrimidine dimers and DNA adducts.  Most of the adducts and dimers are excised, but when they are not, they may be fixed in the DNA genome and may lead to subsequent mutations.  UV also affects the local immune system, and thus may retard the immune surveillance of cancer.

Ionizing Radiation
Some of the most dramatic effects of radiation on humans became apparent as the result of the atomic bombs dropped on Hiroshima and Nagasaki.  The incidence of leukemia was markedly increased in these two cities and related to the distance from the hypocentre of the blast.  Radiation induces chromosomal breaks, translocations and point mutations, all of which may lead to cancer.  The mutagenic effect of radiation is determined by a number of factors, including the type of particles involved.  For example, alpha particles and neutrons are more dangerous than X‑rays and gamma particles.

Viruses
Of the many viruses that attack humans, only a minority are oncogenic (thankfully).  The oncogenic viruses can be divided into  (1) DNA and (2) RNA viruses.

DNA Viruses;

Human Papilloma Virus (HPV)

HPV is a large group of viruses which cause human warts.  Over 50 subsets of HPV have been described, each with a distinctive clinical and behavioral presentation.  Some of the HPV subtypes, such as HPV‑1, produce benign skin warts.  However, others, specifically  HPV‑16,18,31,33 and 35 are associated with cervical cancer.

Epstein Barr Virus (EBV)

EBV has been implicated in Burkitt's lymphoma and nasopharyngeal carcinoma.  Burkitt's lymphoma was originally described in Africa and is a B‑cell lymphoma.  Over 90% of African tumours carry the EBV genome.

Hepatitis B Virus

There is a close association between hepatitis B and hepatocellular carcinoma.  For example, in Taiwan, patients infected with HBV have a 200‑fold increase in development of hepatocellular carcinoma over non‑infected individuals.

RNA Viruses
Oncogenic RNA viruses are similar, in that they contain the enzyme reverse transcriptase, which allows for the conversion of viral RNA into DNA.  The viruses have similar structures and contain the following genes:  (1) gag gene, encoding core proteins;  (2) pol gene, encoding reverse transcriptase;  (3) env gene, encoding products for envelope proteins; (4) LTR's, containing enhancing and promoting regions.  To date, the only oncogenic retrovirus that has been implicated in the causation of human malignancy is the Human T‑cell leukemia virus (HTLV‑1).

Oncogenes
Retroviruses are well known to cause tumours in animals.  These viruses contain sequences which are responsible for their transforming ability called viral oncogenes, or V‑oncs.  Many such V‑oncs have been described.  In the late 1970's, similar sequences were found in the genomes of normal cells for many species and referred to as proto‑oncogenes.  It is now clear that V‑oncs arose from these proto‑oncogenes, replacing replicating genes in these viruses.  Cellular oncogenes (C‑onc) are elements created when proto‑oncogenes are altered or over‑expressed, thus acquiring transforming capacity.

Proto‑oncogenes

Type
Examples
Mechanism

1.
Growth factors
PDGF, EGF, CSF‑1
PDGF is encoded for by a gene k‑cys, related to the v‑cys oncogene of the simian sarcoma virus.  Over‑expression of C‑cys can lead to over‑expression of PDGF and therefore stimulate tumour growth.

2.
Protein kinases

Membrane receptor type
EGF,PDGF,IGF‑1,CSF‑1
These are receptors that have tyrosine kinase activity.

3.
Protein kinases

Cytoplasmic proteins
V‑surf


4.
GTB binding proteins
H‑ras,K‑ras,N‑ras
These are 21kd proteins that bind GTP and possess GTP‑ase activity.

5.
Nuclear protein
Myc,fos,myb
Probably regulate cell proliferation.



Proto‑oncogenes, in themselves, are not oncogenic and require activation.  This can be done by one of three ways, including point mutation, translocations and amplification.  The mechanism of point mutations is best demonstrated in the ras genes.  Within these genes, there are certain "hot" codons, including 12, 13 and 61 which, when mutated, form "active ras".  Activated ras has extended GTP‑ase activity.  An example of a translocation is seen in Burkitt's lymphoma.  In this lymphoma, the myc gene is placed in close opposition to the heavy chain gene of the B cell receptor.  And, finally, amplification is best demonstrated with the N‑myc gene in neuroblastoma.

Tumour Suppressor Genes
These are genes that are ordinarily involved in slowing or down‑regulating cell growth.  When both alleles are lost, malignant transformation may then ensue.  The two best studied tumour suppressor genes are the RB gene and p53.

The loss of the RB gene is responsible for formation of retinoblastoma.  There is both a familial and sporadic presentation of this tumour.  When both alleles of the RB gene are lost or inactivated, a retinoblastoma may then develop.  In the familial form, one allele is inactivated through mutation, an inherited event, and the second is then lost by a somatic event.  The retinoblastoma gene is also responsible for formation of other tumours, including osteogenic sarcomas and lung carcinomas.

The other important tumour suppressor gene is p53.  This was originally thought to be an oncogene, however, now is regarded as a tumour suppressor gene.  It is the most widely mutated gene in cancer.  In many tumours, the mutated protein works by binding to the wild type protein, thus inactivating it.  It has recently been shown that p53 plays an important regulatory role in the cell cycle.  p53 retains cells in the G1 phase, after a DNA‑damaging event, in order for cells to carry out the necessary DNA repair.  This repair is done before the next phase of DNA synthesis, thus preventing the development of a fixed mutation.
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