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Chapter objectives 
Gene therapy has been discussed since the 1970s but despite clinical trials since 1990 it has not yet been very successful. It is however a symbolic issue in bioethics, for it is a technology that was discussed prior to its use widely in many societies from the ethical perspective.
This chapter aims to introduce:
1. What is gene therapy, somatic and germ-line.
2. Consider the risks and benefits of gene therapy.
3. To see the relationship between discussion of ethics and evolution of regulation.
4. To consider human genetic engineering.
5.1 Gene Therapy trials    					file_0.bin


Many genetic diseases may be able to be treated by correcting the defective genes, by gene therapy. Gene therapy is a therapeutic technique in which a functioning gene is inserted into the somatic (body) cells of a patient to correct an inborn genetic error or to provide a new function to the cell. It means the genetic modification of DNA in body cells of an individual patient, directed to alleviating disease in that patient. There have been several hundred human gene therapy clinical trials in many countries (including USA, EU, Canada, China, Japan, New Zealand…), involving over 6000 patients world-wide, for several different diseases including several cancers. 
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Genetic engineering is altering the genetic composition of a living organism by technological means based on recombinant DNA technology. This can be altering the gene sequence, or addition, substitution, deletion of DNA. It has contributed to the understanding of genetic diversity which is useful in the conservation for plants, animals and microorganisms. 
Genetic intervention is a general term for the modification of inheritable characteristics of individuals or populations through various social mechanisms and/or biomedical technologies. 

What is happiness?
Quality of life.
Being sick is not much fun!


Figure 1: Types of Treatment of Human Genetic Disease
After conception the genotype may be "normal" (without a genetic disease) or "abnormal"(with a genetic disease).  There are several stages at which therapy could occur. Somatic cell therapy can be performed before birth or after.  Symptomatic therapy (to treat the symptoms of the disease by diet or medicine for example) usually occurs after birth, but may also occur before birth in some diseases where it is possible and necessary to treat early. The questions of reproduction are more complex, as someone healthy in their life may still have problems with their fertility or pass on a genetic disease to the children.							Conception
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Gene transfer refers to the spread of genetic material through natural genetic mechanisms. Little is known about the frequency of genetic exchange in Nature. Human gene transfer is a term used for gene transfer when it is not expected that any therapy will result from the transferred gene, for example, the gene may only be a marker for improving other methods of therapy against the disease. It was first approved in 1989 in the USA.
Somatic-cell gene therapy involves injection of 'healthy genes' into the bloodstream or tissue of a patient to cure or treat a hereditary disease or similar illness. The DNA change is not inherited to children. For other types of gene therapy see later in the chapter. The first human gene therapy protocol began in September 1990 that successfully treated adenosine deaminase deficiency (ADA) disease. If gene therapy is more successful, it will revolutionize the medicine of the future and will have a profound impact on our moral and ethical outlook. But as of 2003 it is still experimental and in clinical trials.
Q1: Do you think there are any differences between gene therapy and other therapy? 

Q2. Does any conventional therapy also change a patient's DNA? 
5.2. Regulation and Safety
Gene therapy is still an experimental therapy, but if it is safe and effective, it may prove to be a better approach to therapy than many current therapies, because gene therapy cures the cause of the disease rather than merely treating the symptoms of a disease. Also, many diseases are still incurable by other means, so the potential benefit is saving life. 
The DNA can be repaired by correction of the mutation, which may only require a few base pairs of DNA within a gene to be replaced.  Not all the gene must be inserted, only what is needed. If accurate changes can be made it may be very safe. The problem is how to deliver the DNA, and how we can be sure it is changed properly. Many vectors, including modified viruses have been developed and tested.
One success already known is curing an immunodeficiency disease, adenosine deaminase (ADA) deficiency, by allowing expression of the enzyme made from a normal gene in the cells of children lacking it. ADA deficiency is a rare genetic immunodeficiency disease that is caused by lack of functional ADA enzyme (Extra Reading is available).
In the USA the trials must be approved by the Recombinant DNA Advisory Committee (RAC) and the FDA. The RAC meetings are open to the public, to help allay fears about genetic engineering. In Japan the trials require approval of committees of both the Ministry of Education, Culture, Sports, Science and Technology, and the Ministry of Health and Welfare.  There is extra regulation for gene therapy because it involves genetic engineering, in addition to the normal ethics committee approval for any experimental medicine. 
From 1989 until September 1999 there were thousands of patients in trials and no one died because of the experiments. 18 year-old Jesse Gelsinger died at the University of Pennsylvania (USA) on 17 September 1999, four days after receiving a relatively high dose of an experimental gene therapy. His death was the result of a large immune reaction to the engineered adenovirus that researchers had infused into his liver. He died of acute respiratory distress syndrome and multiple-organ failure. 
There was intense review of the procedures for safety following that case. The researchers had not given all the safety data to the patient or regulatory committees. Therefore it was not proper informed consent. The head researcher was also trying to make a company for gene therapy, and may not have reported bad results including deaths of monkeys in the tests because he did not want bad media publicity for the stocks of the company. It was therefore an important case in bioethics in general (Extra Reading is available). Following the review of his death, the regulatory systems were made more strict. Then in 2002 there were cases of leukemia in two children in France who had gene therapy for immunodeficiency diseases. However, there was also positive news of gene therapy in some trials for other diseases. 
Ethically there should be some positive results from animal studies before trials should be approved. The progress since 1989 has not been as fast as many hoped. Non-inheritable (somatic cell) gene therapy to treat patients involves similar ethical issues to any other experimental therapy, and if it is safer and more effective, it should be available.

Q3. When was the first trial of gene therapy in your country? 

Q4. How is gene therapy regulated in your country? 

Q5. Discuss some of the ethical questions raised in Figure 1.


5.3 Germ-line gene therapy 
At the present the gene therapy that is done is not inheritable. Germ cells are cells connected with reproduction, found in the testis (males) and ovary (females), i.e. egg and sperm cells and the cells that give rise to them. Germ-line gene therapy targets the germ cells that eventually produce gametes (sperm and eggs). This type of therapy may mean injecting DNA to correct, modify or add DNA into the pronucleus of a fertilized egg. The technology requires that fertilization would occur in vitro using the usual IVF procedures of super-ovulation and fertilization of a number of egg cells prior to micromanipulation for DNA transfer and then embryo transfer to a mother after checking the embryo's chromosomes. 
We need to have much wider discussion about the ethical and social impact of human genetic engineering before we start inheritable gene therapy. Deliberately targeting the human germ-line is problematical from biological and ethical viewpoints, especially in view of unknown consequences passed down generations. It may also take away control from the child and person so made. It could lead to consumer children, and there may be no limit in the traits that people can choose. Because of the risk of harm to the development of the person whose genes are changed, many people question its safety as a risk we do not need to take. Other ways could help persons have a child who has a genetic disease, like genetic screening or assisted reproduction and donated gametes. However, others say it is natural for humans to take more control over their evolution.
In utero gene therapy may be somatic or germ-line. In the 1990s scientists developed a technique in mice in which foreign DNA was transported intravenously to the developing embryo in utero. It was found that the maternal blood flow effectively transported the DNA through the placenta, opening up the way for somatic in utero gene therapy. These advances are significant because they foreshadow the use of in utero gene transfer in humans where specific target organs; such as the lung in the case of cystic fibrosis, could be targeted for therapy with the advantage of arresting the genetic defect before it can severely damage target tissues and organs in affected children. 
The major hazard of somatic gene therapy, as with all experimental treatments, is that things could go wrong. However, for some diseases irreversible damage is done in utero if the disease is not fixed. The development of human fetal gene therapy, however, carries complex moral and ethical questions including the issues of deliberate, or accidental, targeting of the germ-line cells with physiological/psychological consequences on future generations of children. 
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Q6: What are the ethical differences between inheritable and non-heritable gene therapy?

Q7. If you suffer from a disease would you like to correct the genes so that your children do not need to have the same disease or medical therapy that you receive?

Q8. When gene therapy is safe, for what conditions should we allow it? Should it be used to cure a disease, enhance our immune system, or to make our bodies stronger? 

Q9. Make a list of things that you would not like to change about your body and a list of things you would like to change?

Extra Reading

First Approved Gene Transfer Trial
	The therapy in 1989 involved the use of cells which attack cancer, called tumour-infiltrating lymphocytes (TILs).  They are isolated from the patient's own tumour, then grown in large number in vitro. The cells are then given back to the patient, and stimulated by a naturally-occuring hormone, interleukin-2.  The procedure was known to help about a half of the patients.   In order to discover how this therapy works, the TILs were genetically marked to trace them in the patients.  The initial trial involved ten patients, but later that number was increased following the success of the preliminary group of patients.

Enzyme Deficiencies and ADA Gene Therapy trial
	During the 1980s it was thought that the first patients involved in gene therapy trials would be sufferers of several rare enzyme deficiencies, all with fatal symptoms.  Because many genetically determined diseases involve the bone marrow, and bone marrow transplantation techniques are effective for curing many diseases, there have been many preliminary animal gene therapy trials aimed at changing the pluripotent hematopoietic stem cells of the bone marrow, the "parental" cells from which all blood cells come.
	One of these diseases is ADA deficiency.  The lack of the enzyme ADA destroys the immune system. There are up to 5 sufferers of ADA born annually in the USA. The more general name for these diseases is severe combined immunodeficiency (SCID). SCID is extremely rare, affecting about 40 children worldwide each year.  About 25 percent of those with SCID suffer from ADA deficiency.  ADA degrades certain products that interfere with DNA synthesis, thus killing cells, especially the T-cells of the immune system.  The most effective therapy available is complete isolation of the patient so that they are not exposed to infectious agents.  Some in the press have called these unfortunate children "bubble" children, because they need to live in a sterile plastic bubble.  Bone marrow transplantation can be used if a suitable donor is available.   
To treat this, the bone marrow is removed from the patient, and then the cells are infected with a virus containing the gene for ADA.  The gene then becomes part of the recipient bone marrow cells' DNA along with the carrier virus. After genetic modification in the laboratory the cells are placed back in the patient using bone marrow transplantation and the cells need to continue to produce ADA, they can cure the disease and prevent certain  infant death.
	Up until the late 1980s there was no alternative treatment for sufferers of ADA, a reason why experimental gene therapy methods are used, since they will die if not treated. The major reason that the first trials were postponed in 1990 was that an alternative treatment was partially successful. The new conventional therapy was approved in April 1990, is called PEG-ADA, and it combined the protein ADA with another molecule enabling the enzyme to survive intact longer.  PEG is a nontoxic polymer.  PEG-ADA is not a cure, rather it converts severe combined immunodeficiency to partial combined immunodeficiency.   The patients had weekly treatments of PEG-ADA with clinical response to the drug without serious side-effects.  Some have been able to go out of isolation and join their families or attend school.
	In April 1990, Anderson and Blaese and a group of scientists presented their proposal for gene therapy of ADA deficiency to the Human Gene Therapy subcommittee of the U.S. National Institutes of Health.  It had many committees (a total of eight layers of review) to pass through before approval, but it was given in August 1990 for a trial of ten patients. The test removed T-lymphocytes from the patient and introduced the ADA gene into them.  Lymphocytes have a limited life, so the entire procedure needs to be repeated, though they may last many years, which is much more than the current lifetime of these patients.  
	ADA deficiency is a useful model for other diseases that affect the lymphoid system.  ADA deficiency is heterogeneous, with patients retaining 0.1 to 5% of the normal level of the enzyme, but this level is still too low for normal immune function.  A level of 5% normal is adequate, so the expression of the gene does not need to be great.  ADA-deficient T lymphocytes have normal ADA levels following retrovirally mediated insertion of the normal ADA gene.  There has been very little success in attempts to infect stem cells of the bone marrow, but lymphocytes have very long lives (greater than 20 years) so it is still very useful if they can be treated. The presence of the ADA gene inside cells will probably provide better detoxification than the presence of extracellular PEG-ADA.

More background on the Gelsinger case 
The trial at the Pennsylvania Institute for Human Gene Therapy was testing in patients the safety of a possible treatment for an inherited liver disease, ornithine transcarbamylase deficiency (OTCD). OTCD causes ammonia to build up in the blood. His illness was being partly controlled with a low-protein diet and with a chemical therapy that helps the body eliminate ammonia. 
The death triggered alarm at many centers that are testing gene therapy, because 30% of all such trials use adenoviruses to convey a gene into patients' cells. Wild adenoviruses can cause various illnesses, including colds, although infections are usually mild. The FDA immediately halted two other trials that involved infusing adenoviruses into patients' livers. 
The researchers admitted at a meeting of the RAC that they had failed to notify the FDA prior to Gelsinger's fatal reaction of the deaths of some monkeys that had been given high doses of a different modified adenovirus. The group had also omitted to tell the RAC of a change in the way the virus was to be delivered. Also patient volunteers who participated in the OTCD trial before Gelsinger who were mostly given lower doses of virus still suffered significant liver toxicity. If that had been reported to the FDA, would have put the study on hold. 
Gelsinger himself should not have been allowed to even join the trial because the approved protocol called for a female in his place, because females are less severely affected by OTCD than males. Furthermore, his blood ammonia level was too high for admission into the trial when it was last checked, on the day before the fatal gene treatment. 


Teacher resources and notes 

There are many resources about gene therapy. The extra notes give more background, and the language is more complex. 

Gene therapy was unusual as science because many ethical issues were discussed for years before it was actually done.  It has not led to a real therapy for most patients. There may be some parallel to the way that stem cell therapy is being discussed with much hype as a miracle cure nowadays, and the way gene therapy was discussed in the 1980s.

Online resources
See papers on the Eubios Ethics Institute website, including News in Bioethics and Biotechnology < http://www.biol.tsukuba.ac.jp/~macer/NBB.html>

US NIH Guidelines for Research Involving Recombinant DNA Molecules
http://www4.od.nih.gov/oba/rac/guidelines/guidelines.html

ClinicalTrials.gov gives information about all US clinical trials of drugs and therapies including trial's purpose, who may participate, locations, and phone numbers for more details.
http://www.clinicaltrials.gov/


