“Introduction to Oncogenes and Tumor Suppressor Genes”

All living things are made of cells. Cells work together to form organs. Each cell has a control center called a nucleus. The nucleus contains the information that tells the cell what to do and when to grow and divide. This information is contained in genes, which are the building blocks of chromosomes. In the nucleus of each human cell (except for sperm and egg cells), there are 23 pairs of chromosomes. Chromosomes are made up of long strands of a substance called DNA (deoxyribonucleic acid), which is a collection of molecules called bases arranged in a certain sequence. Within each chromosome, there are many hundreds to thousands of genes. Genes are segments of DNA that tell the cell to do a specific task, usually to make a particular protein. Each protein has a specific job or function in the body. Each human cell has about 30,000 genes; each one makes a protein with a unique function. 

A cell uses its genes selectively – that is, it will activate, or "turn on" the genes it needs at the right moment. Some genes stay active all the time to produce proteins needed for basic cell functions. Others shut down when their job is finished and start again later if needed. 

Genes, as the basic units of heredity, serve two roles in cancers: some contribute to the development of cancer and others protect individuals from cancer. 

The two main types of genes that play a role in cancer are oncogenes and tumor suppressor genes.

Oncogene:

Oncogenes are mutated forms of genes that cause normal cells to grow out of control and become cancer cells. They are mutations of certain normal genes of the cell called proto-oncogenes. Proto-oncogenes are the genes that normally control how often a cell divides and the degree to which it differentiates. When a proto-oncogene mutates into an oncogene, it becomes permanently "turned on" or activated when it is not supposed to be. When this occurs, the cell divides too quickly, which can lead to cancer. 

Different Classes of Oncogenes:

More than 100 oncogenes are now recognized, and undoubtedly more will be discovered in the future. Scientists have divided oncogenes into the 5 different classes described below.

1. Growth factors: These oncogenes produce factors that stimulate cells to grow. The best example of these is called sis. It leads to the overproduction of a protein called platelet-derived growth factor, which stimulates cells to grow.
2. Growth factor receptors: These are normally turned "on" or "off" by growth factors. When they are "on," they stimulate the cell to grow. Certain mutations in the genes that produce these cause them to always be "on." In other cases, the genes are amplified. This means that instead of the usual 2 copies of the gene, there may be several extras, resulting in too many growth factor receptor molecules. As a result, the cells become overly sensitive to growth-promoting signals. The best-known examples of growth factor receptor gene amplification are erb B and erb B-2. These are sometimes known as epidermal growth factor receptor and HER2/neu. HER2/neu gene amplification is an important abnormality seen in about one third of breast cancers. Both of these oncogenes are targets of newly developed anti-cancer treatments. 
3. Signal transducers: These are the intermediate pathways between the growth factor receptor and the cell nucleus where the signal is received. Like growth factor receptors, these can be turned on or off. When they are abnormal in cancer cells, they are turned on. Two well-known signal transducers are abl and ras. Abl is activated in chronic myelocytic leukemia and is the target of the most successful drug for this disease, Imatinib or Gleevec. Abnormalities of ras are found in many cancers. 
4. Transcription factors: These are the final molecules in the chain that tell the cell to divide. These molecules act on the DNA and control which genes are active in producing RNA and protein. The best known of these is called myc. In lung cancer, leukemia, lymphoma, and a number of other cancer types, myc is often overly activated and stimulates cell division. 

5. Programmed cell death regulators: These molecules prevent a cell from committing suicide when it becomes abnormal. When these genes are overactive they prevent the cell from going through the suicide process. This leads to an overgrowth of abnormal cells, which can then become cancerous. The most well described one is called bcl-2. It is often activated in lymphoma cells. 

Mechanisms of Oncogene Activation:

The activation of oncogenes involves genetic changes to cellular proto-oncogenes. The consequence of these genetic alterations is to confer a growth advantage to the cell. They result in either an alteration of proto-oncogene structure or an increase in proto-oncogene expression 

1. Mutation
Mutations activate proto-oncogenes through structural alterations in their encoded proteins. These alterations, which usually involve critical protein regulatory regions, often lead to the uncontrolled, continuous activity of the mutated protein. Different types of mutations, such as base substitutions, deletions, and insertions, can achieve it. In human tumors, however, most characterized oncogene mutations are base substitutions (point mutations) that change a single amino acid within the protein. Examples: in the ras family of proto-oncogenes, the ret proto-oncogene.

2. Gene Amplification
Gene amplification refers to the expansion in copy number of a gene within the genome of a cell. The process of gene amplification occurs through redundant replication of genomic DNA, often giving rise to karyotypic abnormalities called double-minute chromosomes (DMs) and homogeneous staining regions (HSRs). HSRs are segments of chromosomes that lack the normal alternating pattern of light and dark staining bands. Both DMs and HSRs represent large regions of amplified genomic DNA containing up to several hundred copies of a gene. Amplification leads to the increased expression of genes, which in turn can confer a selective advantage for cell growth. Studies then demonstrated that three proto-oncogene families myc, erb B, and ras are amplified in a significant number of human tumors.

About 20 to 30% of breast, some types of squamous cell carcinomas and ovarian cancers show c-myc amplification.

N-myc amplification is reported in neuroblastomas

L-myc amplification is reported in small cell carcinoma of the lung.

Amplification of erb B found in up to 50% of glioblastomas and in 10 to 20% of squamous carcinomas of the head and neck.

15 to 30% of breast and ovarian cancers have amplification of the erbB-2 (HER-2/neu) gene

Members of the ras gene family (K-ras and N-ras) are sporadically amplified in various carcinomas.

3. Chromosomal Re-arrangements
These re-arrangements consist mainly of chromosomal translocations and, less frequently, chromosomal inversions. 

Chromosomal re-arrangements can lead to malignancy by two different mechanisms:

a. The transcriptional activation of proto-oncogenes: Transcriptional activation is also referred as gene activation, results from chromosomal re-arrangements that move a proto-oncogene close to an immunoglobulin or T-cell receptor gene. Transcription of the proto-oncogene then falls under control of regulatory elements from the immunoglobulin or T-cell receptor locus. This circumstance causes deregulation of proto-oncogene expression, which can then lead to neoplastic transformation of the cell.

b. The creation of fusion genes: Fusion genes can be created by chromosomal re-arrangements when the chromosomal breakpoints fall within the loci of two different genes. The resultant juxtaposition of segments from two different genes gives rise to a composite structure consisting of the head of one gene and the tail of another gene. Fusion genes encode chimeric proteins with transforming activity. In general, both genes involved in the fusion contribute to the transforming potential of the chimeric oncoprotein. Mistakes in the physiologic re-arrangement of immunoglobulin or T-cell receptor genes are thought to give rise to many of the recurring chromosomal re-arrangements found in hematologic malignancy 

Important Oncogenes:

1. HER-2/neu: HER-2/neu (also called erbB-2) is the gene that encodes for the human epidermal growth factor receptor type 2. This receptor is found in moderate levels on some normal cells and it is involved in cellular responses to growth factors. It is also known that binding of the factor under the right conditions can stimulate cell division. 

The HER-2/neu gene is amplified in up to 30% of human breast cancers. The increase in the number of copies of the HER-2/neu gene leads to an increase in the expression of the HER2 protein on the cell surface, and is thought to lead to an increase in cell proliferation. Over expression of this gene may make a tumor more aggressive, but may also make the cancer more sensitive to some chemotherapy agents. 

2. Ras: Ras gene products are involved in kinase signaling pathways that control the transcription of genes, which then regulate cell growth and differentiation. To turn "on" the pathway, the ras protein must bind to a particular molecule (GTP) in the cell. To turn the pathway "off," the ras protein must break up the GTP molecule. Alterations in the ras gene can change the ras protein so that it is no longer able to break up and release the GTP. These changes can cause the pathway to be stuck in the "on" position. The "on" signal leads to cell growth and proliferation. Therefore, ras over expression and amplification can lead to continuous cell proliferation, which is a major step in the development of cancer. 

The conversion of ras from a proto-oncogene into an oncogene usually occurs through a point mutation in the gene. The altered function can affect the cell in different ways because ras is involved in many signaling pathways that control cell division and cell death. Anti-cancer drugs are now being developed that target ras dependent pathways. 

Mutant ras has been identified in cancers of many different origins, including: pancreas (90%), colon (50%), lung (30%), thyroid (50%), bladder (6%), ovarian (15%), breast, skin, liver, kidney, and some leukemia. It is also possible that in the future, ras may be used to detect certain cancers. Historically, pancreatic cancer has been difficult to diagnose. The identification of ras mutations in the DNA of pancreatic cells shed into feces may enable clinicians to differentiate between chronic pancreatitis and pancreatic cancer.

3.Myc: The myc protein acts as a transcription factor and it controls the expression of several genes. Mutations in the myc gene have been found in many different cancers, including Burkitt's lymphoma, B-cell leukemia, and lung cancer. The myc family of oncogenes may become activated by gene rearrangement or amplification. Gene rearrangements involve the breakage and re-sealing of chromosomes. This process can involve large amounts of DNA and can affect many genes. The movement of a gene or group of genes to a different location within the same chromosome or to a different chromosome often leads to altered gene expression and cell function.

Translocation is one type of gene rearrangement, and a translocation between chromosomes 8 and 14 has been shown to result in over expression of myc and ultimately B-cell lymphoma. The amount of myc protein present in the cell is important because the activity of myc is balanced by another protein that opposes myc activity. Therefore, an increase in either protein will offset the balance and affect cell division.

An increase in myc activity is sometimes associated with programmed cell death, but this safeguard seems to be overridden in the presence of another oncogene, bcl-2, which prevents myc induced apoptosis.

4. Src: Src is the first oncogene ever discovered. It was identified as the transforming (cancer causing) agent of the Rous sarcoma virus (RSV), which infects chickens and other animals. RSV is a retrovirus. It infects cells and then inserts its own genes into the cellular DNA. This quickly results in the development of cancer. The virus is therefore called an acutely transforming virus. When infected, chickens develop large tumors within two weeks. Researchers discovered that the protein from a particular gene in RSV causes cells to grow in an abnormal manner. A corresponding proto-oncogene was found in the human genome. The human gene, when activated into an oncogene, functions in a similar manner.

The Src protein is a tyrosine kinase. Kinases are enzymes that transfer phosphate groups onto target molecules. The important aspect of this process is that the removal/addition of phosphates changes biomolecules and is a key way by which the activities of cells are regulated. The phosphate addition/removal process acts like an on/off switch to control the activity of the target molecules. The src proteins alter several target molecules, resulting in the transmission of signals to the nucleus that help regulate the cell.

There are at least nine different known src genes. Due to different processing of the mRNA produced by these genes, at least 14 different proteins may be produced. C-src is normally found in most cells at a low level, but has been found to be over expressed in certain cancer types, including human neuroblastoma, small-cell lung, colon, and breast carcinomas, and rhabdomyosarcoma. 

5. Telomerase: Due to the nature of the DNA replication process the ends (telomeres) of our chromosomes become shortened during each cell division. The shortening of the chromosomes serves to limit the number of times any given cell can undergo division. When telomeres shorten to a critical length the cell is unable to replicate its DNA without losing vital genetic material. At this point normal cells enter cellular senescence, or growth arrest, after which no further cell division takes place. 

Cancer cells have the ability to replicate without reaching a state of senescence. In many cancers the ability to divide without limit is achieved by the production of an enzyme called telomerase. Telomerase maintains the ends of chromosomes so that they do not shorten. Telomerase is a normal protein that is present in cells during fetal development. In most cells of an adult human, telomerase is not present as the gene for the enzyme is not being transcribed and translated. However, in some cancer cells the necessary task of achieving unlimited replication is made possible by the reactivation of the gene that codes for telomerase. 

In cancer cells that do not possess telomerase activity, shortening of chromosomes is thought to be prevented by other mechanisms. The maintenance of telomere length allows for unlimited cell division. The gene that codes for the active component of the telomerase enzyme, hTERT, is considered a proto-oncogene because abnormal expression contributes to unregulated cell growth.

6. Bcl-2: Bcl-2 (for B cell lymphoma gene-2) proteins are associated with membranes and membrane activity. The Bcl-2 protein is a part of a complex system of signaling that controls apoptosis. Apoptosis (cell death) may be induced by a variety of signals including irreparable DNA damage. This form of cellular suicide prevents the expansion of damaged cells. Bcl-2 works to prevent apoptosis. Therefore, its over expression can prevent apoptosis in cells that are damaged. This can lead to the continued division of the mutated cells lines and eventually cancer. Also, over expression of Bcl-2 can contribute to metastasis in certain cancers. 

If apoptosis controls are disrupted, then drugs that work by inducing apoptosis will not work as efficiently. Therefore, drugs are being developed that will down-regulate Bcl-2 and allow other anti-cancer drugs to work more efficiently (and at lower doses). One such drug is the antisense nucleotide Genasense", which has shown in phase I trials to reduce Bcl-2 production and is currently in phase II and III trials as a supplementary treatment for various cancers. 

Also, there are drugs that indirectly reduce the amount of Bcl-2 protein, such as all-trans retinoic acid, paclitaxel, vincristine, and docetaxel. These drugs are often combined with other chemotherapy agents during treatment. New methods, not yet tested in humans, include Bcl-2 binding peptides that inactivate the protein and antimycin A that binds to Bcl-2 related proteins. 

Tumor Suppressor Genes:

Tumor suppressor genes are normal genes that slow down cell division, repair DNA mistakes, and tell cells when to die (apoptosis). When tumor suppressor genes don’t work properly, cells can grow out of control, which can lead to cancer.

 A tumor suppressor gene is like the brake pedal on a car – it normally keeps the cell from dividing too quickly just as a brake keeps a car from going too fast. When something goes wrong with the gene (mutation), cell division can get out of control.

Types of Tumor Suppressor Genes:

1. Genes that control cell division: Some tumor suppressor genes help control cell growth and reproduction.  Example: The RB1 (retinoblastoma) lead to a type of eye cancer (retinoblastoma) in infants, as well as to other cancers. 

Our chromosomes are paired so there are always 2 copies of each gene but the inherited RB1 mutation only affects one of the gene pairs. In this situation there is no cancer. The person has one good gene and one mutated one and is therefore said to be heterozygous for the trait coded into that gene pair. Then during the infant’s development, a random mutation can occur in the normal copy of the RB1 gene known as loss of heterozygosity (LOH), and it applies to most abnormalities in tumor suppressor genes. As long as one copy of the gene is normal, no cancer develops. But when the other copy mutates, even in one cell, then cancer can start to develop. Evidently, these mutations occur often, but we are protected as long as one of the pair in the cell is normal. 

2. Genes that repair DNA: These are tumor suppressor genes, which are responsible for repairing DNA damage. Every time a cell divide into 2 new cells, it must duplicate its DNA While doing this some errors occur which DNA repair genes, which make proteins that proofread DNA, correct. But if the genes responsible for the repair are faulty, then the DNA can develop abnormalities that may lead to cancer. When DNA repair genes don’t work, mutations can slip by, allowing oncogenes and abnormal tumor suppressor genes to be produced. Example: The genes responsible for HNPCC (hereditary nonpolyposis colon cancer) are examples of DNA repair gene defects. 

3. Cell "suicide" genes: If there is too much damage to a cell’s DNA to be fixed by the DNA repair genes, tumor suppressor gene is responsible for destroying the cell by a process sometimes described as "cell suicide."(Programmed cell death or apoptosis). Example p53 gene. If the p53 gene is not working properly, cells with DNA damage that has not been repaired continue to grow and can eventually become cancerous. Abnormalities of the p53 gene are sometimes inherited, such as in the Li-Fraumeni syndrome (LFS). Many sporadic (not inherited) cancers such as lung cancers, colon cancers, breast cancers as well as others often have mutated p53 genes within the tumor. 

Important Tumor Suppressor Genes:

1. p53: The p53 (or TP53) gene was discovered in 1979 and has emerged as one of the most important cancer-related genes to date. The gene, located on chromosome 17, produces a protein product that functions as a transcription factor. The genes controlled by p53 are involved in cell division and viability. Like the other tumor suppressors, the p53 protein functions to prevent unregulated cell growth. The p53 protein interacts directly with DNA. It also interacts with other proteins that direct cellular actions. When DNA damage or other cellular insults are detected, p53 has the power to trigger cell death or apoptosis. The crucial role of p53 in maintaining proper control of cellular processes is underscored by the fact that the p53 gene is found to be defective in about half of all tumors, regardless of their type or origin. The mutations that inactivate p53 may be acquired during the lifespan of an individual (sporadic mutations) or they may be inherited.
2. The Retinoblastoma (Rb) Gene:  The retinoblastoma gene (Rb) encodes a protein that acts by altering the activity of transcription factors. By interacting with transcription factors, Rb is able to indirectly control gene expression. In addition to this function, Rb and closely related proteins have several others less well-documented activities. Ultimately, Rb and its relatives contribute to the control of the cell division process. The Rb gene is mutated in many types of cancer. One of the best studied is retinoblastoma, a cancer of the eye from which the gene got its name. The disease is often found in young children.
3. APC: The APC protein, like many tumor suppressors, functions to control the expression of genes critical in the cell division process. Inactivation of the APC gene, located on chromosome 5, is thought to lead to increased cell proliferation and contribute to the formation of colon polyps. The APC gene is mutated in the first step, producing highly proliferate cells. Those cells will then form a polyp, which may develop into cancer. Instead of needing two somatic mutations within the same cell to lose APC function, these individuals require only a single genetic change.

4. BRCA: The BRCA proteins have multiple functions. One important role is in the repair of DNA damage. They have also been implicated in the regulation of gene expression. The BRCA-1 gene is associated with the activation of another tumor suppressor, p53, and its target gene p21. BRCA proteins also interact with transcription factors and other transcription components to control the activity of several other genes. When the BRCA genes are non-functional, DNA repair and gene regulation are compromised. The increase in DNA damage can lead to the generation of cells that accumulate mutations in key genes, leading to cancer cell formation. Cells lacking functional BRCA genes often suffer from chromosomal breaks, severe aneuploidy, and centrosome amplification.

Oncogenes and Tumor Suppressor Genes Can Be Used to Help Prevent Cancer: 

As we know some gene changes (mutations) can be inherited, which can increase your risk of developing cancer. Several mutations in oncogenes and tumor suppressor genes have been found often enough to be useful in helping decide which people are at higher risk for developing certain types of cancers. 

If you have family members with certain cancers known to be caused by genetic mutations might find it helpful to know if you also have the mutation. With this information, you might be able to take steps such as lifestyle changes or more frequent cancer screening to minimize your risk. 

Genetic testing can be used to look for such mutations. Before undergoing such testing, however, you must go through a careful screening and counseling process. The testing is often expensive. The screening assures that it is worthwhile. The counseling is important to help learn how to deal with the abnormality. Finding a genetic mutation can have a significant impact on a person’s life, as well as the lives of other family members. 

Oncogenes and Tumor Suppressor Genes Can Be Used to Help Guide Treatment of Cancer:

In some cases, tests to detect oncogene or tumor suppressor gene mutations can help doctors determine what type of cancer a patient has. In other cases, specific gene changes help predict which patients are likely to have a better or worse prognosis (outlook for survival) or which patients are likely to benefit from certain treatments. For example, women with breast cancer that contains the HER2/neu (erbB-2) mutation tend to fare worse than women without the mutation. But they may benefit from treatment with Trastuzumab (Herceptin), a drug designed specifically to attack cells with this mutation. 

Some tests for certain gene mutations are very sensitive in finding cancer that persists or returns after treatment. For example, after treatment of certain types of leukemia, routine testing may be unable to recognize any cancer cells, whereas a test for gene changes can find a single remaining cancer cell among one million normal cells. This type of test may help identify patients at risk of relapse, who might benefit from additional chemotherapy. 

Oncogenes and Tumor Suppressor Genes can Be Used to Treat Cancer: 

The discovery and understanding of oncogenes and tumor suppressor genes has led to the development of new kinds of cancer therapies. While research in this area is progressing rapidly, only a few gene-specific drugs are available at present without participating in a clinical trial. 

Trastuzumab (Herceptin) is a drug called a monoclonal antibody that has been approved for use by the FDA. It works by preventing the HER2/neu protein from promoting excessive growth of cancer cells. It has already been found to be useful in treating women whose breast cancer cells have abnormalities of this gene or its protein. Studies are currently in progress to see if it will be useful in treating people with other cancers. Other monoclonal antibodies that recognize the HER2/neu protein are currently being tested in clinical trials. 

Another drug recently approved by the FDA, called Gleevec (STI571), interferes with the action of the abnormal bcr-abl protein in chronic myelogenous leukemia cells. This drug has led to remission of the leukemia in almost all patients treated in the early stages of their disease. Studies have also found this new drug to be effective against a rare form of stomach and intestinal cancer known as gastrointestinal stromal tumor (GIST). Several other drugs designed to inactivate oncogenes are still experimental. 

One new drug, called Gefitinib (Iressa), blocks the epidermal growth factor receptor. It has the advantage of being a pill so it is easy to take. So far it has helped a small number of patients with lung cancer. The FDA as a single agent treatment has approved Iressa for patients with advanced non-small lung cancer (NSCLC). It is now approved as a treatment for patients whose cancer has continued to progress in spite of treatment with platinum-based and docetaxel chemotherapy. It has helped about 10% of patients with lung cancer in which other treatments are no longer working. Other drugs that inhibit the epidermal growth factor receptor are being studied. 

Cetuximab (Erbitux) is another new drug targeted to block the epidermal growth factor receptor. It is given by injection and is approved by the FDA to treat colorectal cancer along with the chemotherapy drug irinotecan in people who are no longer responding to irinotecan. Or it is given by itself in people who cannot take irinotecan. Cetuximab is also being studied in other cancers, including cancers of the head and neck, pancreas, lung, and ovary. 

Finally, experiments are in progress to find molecules that inhibit other oncogenes in the hope that these may become useful drugs. 

Treating abnormalities of tumor suppressor genes is even more difficult. Scientists would need to restore normal tumor suppressor genes. Although this seems like a logical approach to gene therapy, there are still several problems to overcome. The major stumbling block lies in how to get new DNA into the cancer cells. Another problem is that most cancers have several oncogene and tumor suppressor gene mutations, so replacing one gene may not stop the cancer cells from growing and spreading. 

Scientists are attempting to treat some cancers that have mutations in the p53 gene by inserting normal p53 genes into viruses and then trying to infect tumor cells with these viruses. Laboratory tests have shown that the viruses can get into the tumor cells and restore the normal p53 gene. These cells then grow more slowly than the other cancer cells. Clinical trials that treated patients’ tumors with p53-carrying viruses have helped some patients, although no one has been cured so far. 

Another form of experimental therapy uses a modified adenovirus, one of the viruses that cause the common cold. The adenovirus normally damages cells in the lining of the nose and sinuses. The new therapy uses a modified version of the cold virus called ONYX-015 that only kills cells with p53 mutations (such as cancer cells). Preliminary studies showed that injecting this virus directly into tumors that have p53 gene mutations might be useful in treating certain types of cancer, especially when combined with chemotherapy. This drug is being reviewed by the US Food and Drug Administration for treatment of squamous cell cancer and is also being studied for treatment of other types of cancer. 

Knowledge about Oncogenes and Tumor Suppressing Genes is helping a lot in treating Cancer patients and has proved to be very effective. In future as more secrets will be revealed about them will allow us to combat Cancer.
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