Gene therapy in cancer cells

A genetic mechanism of cancer is the area of medicine that requires constant research and studies. Even though a lot scientific work has been done in order to discover genetic causes of cancer, there are still questions that were left unanswered. Therefore, in order to understand relationships between genes and cancer, let’s review some basic processes that occur in human organism and are directly related to formation of the disease. 
Each gene is made of chemical information database that is called DNA. The DNA performs the function of giving instructions to body cells how to build proteins. The DNA consists of two paired strands which are made of chemical blocks. Genes are segments along the DNA which allow cells to make proteins and control the growth of cells. Human body contains more than 50, 000 genes which are built of many chemical blocks (Henderson, 2001). Genes work in pairs where one member of the gene pair is inherited from the mother and the other is inherited from the father. 
Alterations or mutations of genes lead to the formation of cancer. Mutations that we are born with are called germline mutations. Germline mutation is present when the mutation of gene occurs in germ cells such as eggs and sperm. However, mutations of genes can, also, occur by chance during person’s life and those mutations are “acquired”. Acquired mutations are not passed to children by parents. Only 5-10% of cancer diseases are caused by germline mutations (Lattime and Gerson, 2002). Mostly cancer is caused by acquired mutations. 
Each cell contains certain genetic potential to produce protein and a cell uses just the genes it requires for that specific period of time (Henderson, 2001). The rest of the genes are not activated. Therefore, the proper work of cells depends on selection of genes which work together at the specific time and place. Mutations of genes lead to imperfect functioning of protein. A cell starts to grow and gets out of control. 
There are different types of genes that are responsible for cell growth. However, if genes contain an error in the DNA code, they start to change and it leads to cancer. Only mutations that occur in several genes result in the development of cancer. Let’s review different kinds of genes which can become causes of cancer when they are altered. There are three kinds of those genes such as oncogenes, tumor suppressor genes and DNA repair genes. Tumor suppressor genes are responsible for cell growth and cell death. Controlling the processes of cell growth and cell death, tumor suppressor genes prevent the development of cancer (Strobel, 1994). When tumor suppressor genes are mutated it can cause a change in cell growth and result in the formation of tumor. 
Tumor suppressor genes are recessive at the cellular level because both copies of tumor suppressor genes must be altered in order to cause cancer (Alberts, 2002). Usually mutations in tumor suppressor genes are acquired. However, there are cases when mutations can, also, be inherited. Mutation of the one member in pair of tumor suppressor gene is inherited from a parent and present in all cells. The mutation of the other member in pair of tumor suppressor gene is acquired. If this second mutation occurs in a cell that requires the gene to control cell growth, the development of cancer will start. This process is called the “two-hit theory” (Lodish, 2003). 
Examples of tumor suppressor genes include RB gene, APC gene, BRCA1 and BRCA2. If some of those genes do not work properly, it can lead to a very high risk of developing various types of cancer. Improper functioning of RB gene leads to the formation of Bone, Prostate and Lung cancers. Damaged APC gene can result in Colon and Stomach cancers. Altered BRCA1 and BRCA2 lead to Breast cancer. 
There are, also, proto-oncogenes which are responsible for cell growth change. When proto-oncogenes are altered, they become oncogenes. Mutation can occur in just one of the two copies of proto-oncogenes and it will lead to the development of tumor (Miller and Levine, 2000). Therefore, unlike tumor suppressor genes, oncogenes are considered dominant at the cellular level. 
Mutations in proto-oncogenes are not inherited, except the mutation in the RET proto-oncogene (Beardsley, 1991). Examples of oncogenes are MYC genes which can be associated with Lymphomas, RAF genes which cause Stomach cancer and TRK genes which lead to Thyroid cancer. 
Another type of altered genes is DNA repair genes. When large pieces of DNA are repeated or unnecessary chemical base is added, it leads to an error in DNA code. DNA repair genes are responsible for correction of those mistakes in the DNA. However, when DNA repair genes are mutated, errors in the DNA remain and result in the development of tumor (Goodsell, 1993). There are different types of DNA repair genes that correct processes of mismatch in tumor suppressor genes and proto-oncogenes and mistakes which are caused by radiation or other environmental factors. As well as tumor suppressor genes, DNA repair genes require alterations in two copies of the gene pair: therefore, they are considered to be recessive at the cellular level (McGinnis and Kuziora, 1994). Alteration in DNA repair genes can be both acquired and inherited from parents. 
Thus, all types of cancer have genetic cause. However, a single mutation cannot cause cancer. Even in case of inherited cancer, one mutation is transferred from the parent and the rest is acquired (McGinnis and Kuziora, 1994). There should be mutations in several genes in order to develop the tumor. If mutation is inherited by a person only in a DNA repair gene, proto-oncogene or tumor suppressor, it does not mean yet that an individual will have cancer (Springer and Hager, 1994). 
If genes work properly, they guarantee normal cell growth. If genes which control the reproduction of cell are damaged, cells get out of control and grow without obstacles. Cancer starts in one cell. If the process of mutation continues to occur in many different genes and groups of cells it results in malignancy (Pollack, 1998). 
The causes of mutations in genes are very complex in nature and most of the times cannot be explained. The development of mutations can be caused by environmental factors such as pollution of the environment and large doses of radiation; improper lifestyle of people such as smoking, poor nutrition and aging processes. 
Gene therapy is the branch of medicine that is responsible for correction of faulty genes which cause cancer (Vile et al., 2000). There are several approaches to prevent cancer using gene therapy. Some kinds of treatment involve replacing of the defective genes and inserting normal genes in order to fight cancer. Other kinds of treatment are directed at increasing the ability of healthy cells to prevent cancer. 
In some studies doctors insert “suicide genes” into cancer cells. Those genes are used to destroy cancer cells (Nemunaitis and Sterman, 2004). Sometimes researchers inject genes into cancer cells which makes cells more receptive to chemotherapy and radiation therapy. In some cases, doctors try to enhance immune response to the disease. Researchers use all kinds of methods to strengthen human immunity and refer to individual’s natural ability to fight cancer (Lemoine, 2000). In another approach doctors substitute defective genes by healthy genes that can control the development of cancer (Lemoine, 2000). 
Usually genes cannot be directly injected in an individual’s cell. Genes can be inserted into a cell using “vector”. Vectors are viruses which can recognize the specific cell and deliver the DNA into cells (Walters, 1996). 
There are two kinds of gene therapy such as ex vivo and in vivo. Ex vivo is used when the genes are transferred into a cell outside the person’s body (Walters, 1996). In that case cells are taken from the individual’s blood. The virus that carries the required gene enters the cell and the necessary gene is delivered in the DNA. After some time doctors return cells into the person’s body by injection into a vein. When the viruses are used in order to insert the desired gene into a cell inside the person’s body, it is known as in vivo gene therapy (Lemoine, 2000). 
The most common types of viruses which are used as gene therapy carriers are retroviruses, adenoviruses, ando-associated viruses and herpes simplex viruses (Lattime and Gerson, 2002). For instance, human immunodeficiency virus (HIV) is an example of retro virus. Retrovirus creates DNA copies of the RNA genomes. Adenoviruses infect respiratory and intestinal organs. Researchers conducted experiments when they used nonviral options of gene insertion. One of the methods involves direct delivery of therapeutic DNA into specific cells. However, that approach is used rarely because it requires the large portion of DNA (Lodish, 2003). 
Currently gene therapy is in its initial stage of development. Probably, additional research which could explain the causes of gene mutation more specifically would help individuals to prevent cancer in its initial stage of development. Even though gene therapy is one of the solutions of fighting cancer, it has several drawbacks which demonstrate its ineffectiveness in some cases. First, since many cells divide rapidly, therapeutic DNA that is inserted into cells cannot remain functional for a long time. Usually individuals have to repeat treatments. Second, human immunity attacks unknown objects in human body. Third, there is a risk that the virus in human body can recover its ability to develop disease. Moreover, after virus is inserted an individual can have such problems as toxicity or immune response. 
In conclusion, cancer is genetic in nature and caused by mutation of several genes. Most of the times mutation is acquired; however, it can be inherited, too. Gene therapy helps to prevent cancer; nevertheless, very often it is ineffective and, therefore, requires further research. 
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