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6b: Medical Ethics and Biotechnology


Unit overview

Medical ethics is an ever-increasing field of interest as new scientific discoveries enable more and more advanced techniques to be carried out on humans and the natural world. In this unit, the topics of Pre-implantation Genetic Diagnosis (PGD), Lesson 1, and Genetic Engineering, Lesson 2, are discussed. Both of these areas have links with the other two units under Topic 6 ‘Ethical Issues’. 6a focuses on Environmental issues, and 6c on Animal Rights.

Learning Opportunities

Lesson 1
Students are introduced to the techniques involved in Pre-implantation Genetic Diagnosis (PGD). They are then given three different responses to the ethics of using this technique ranging from an absolute to relative position. They discuss these in groups and present their ideas to the class.

Lesson 2 
In this lesson, Genetic Engineering is discussed in groups, both as it is used in the natural world and with humans. The groups are given different proposals concerning some research to be carries out and have to present conclusions about these proposals from the view of scientists and ethicists. 

Background information 

What is PGD? (see Student Resource Sheet 1 Pre-implantation Genetic Engineering) PGD is a procedure that allows genetic analysis to be carried out on an early embryo before it is implanted in the womb.  It was introduced in 1989 to allow couples at risk of having a child with a genetic condition to avoid doing so, without the need for a termination.  The process involves a couple undergoing some form of assisted reproductive technology such as In-Vitro Fertilisation (IVF).   With IVF, hormones are used to stimulate a woman’s ovaries so that several eggs may be collected.  These eggs are fertilised in a Petri dish and allowed to grow for 3-5 days.  The embryos created will then be biopsied – one or two sample cells will be removed using very fine glass needles.  Genetic analysis is then performed, such as DNA amplification or fluorescent hybridisation systems.  This analysis assists in identify the genetic code associated with specific disorders.  Up to 2 embryos can then be implanted.  

What is PGD used to screen for?

PGD is being used to screen for hundreds of conditions, including Huntingdon disease, Down’s Syndrome, Alzheimer disease, sickle cell disease, cystic fibrosis, haemophilia – the list goes on.  Some conditions are linked to gender, which can also be determined through genetic analysis.

Is it safe?

Experience of PGD with humans, as well as extensive animal experimentation, suggests that the procedure is safe and reliable.   For couples already undergoing infertility treatment, PGD would not seem to present any significant risks.  However, a couple that could reproduce naturally but are worried about an inherited disorder would have to go through the IVF process, which produces a pregnancy in only about one in three cycles.  

What does the law allow?

Any medical procedure carries some risk, and although PGD has been found to be safe, the law in the UK would not support using PGD to select gender when there is no significant risk that a pregnancy would result in a serious genetic disorder.  This means that, for example, PGD can be used to transfer only female embryos that wouldn’t be affected with X-linked diseases such as Duchenne Muscular Dystrophy.  However, couples wishing to choose the gender of their child merely to increase the chances of finding a donor for an existing child have had to go abroad for treatment, as the UK law prioritises the needs of the child potentially created using PGD.  If there is a risk of a genetic disorder and an existing child looking for a donor, PGD would be an option.

What are the ethical concerns?

PGD raises the same ethical issues as IVF concerning the value of the embryo.  There is an additional concern about the element of choice which isn’t naturally there for parents.  How far will this go – IQ, physical strength, looks?  However, many people believe it is better to make the decision not to have a child with a disorder at the earliest stage than terminating a pregnancy after several months.  Some doctors believe PGD heralds an era that marks ‘the beginning of the end of genetic disease’.

The Ethics of Genetic Engineering (see Student Resource Sheet 4: The Ethics of Genetic Engineering)
Somatic-cell gene therapy

Definition – modifying the genes of a particular person, without affecting the next generation, through gene replacement, gene correction or gene augmentation.

· Retro viruses have been used to insert functioning genes into defective bone-marrow

· Some babies in France have had immune system failure reversed

· Diabetes suffers can be given gene therapy to control production of insulin

· Potentially, a self-destruct gene could be added to cancer cells to provide a cure

The Clothier committee 1992 said “the development and introduction of safe and effective means of somatic cell gene modification directed to alleviating disease in individual patients is a proper goal for medical science.”

Ethical Issues

· Some people complain about this being ‘unnatural’ and doctors ‘playing God’ – just as they did when blood transfusions and organ transplants were first introduced.  There seems little ethical justification for this position.

· While it is still new, there will of course be unknown risks to some individuals and false hope to others, but the long-term consequences should easily outweigh these

· The Church of England Report on Genetics said of somatic-cell therapy:

“There are few ethical concerns with such treatment.  Its aim is uncontroversial:  the alleviation of disease rather than the improvement of the human species.  It seeks to treat only the single patient and has no effect on his or her future offspring.  The danger may be that it is the start of a slippery slope and opens the way to germ line therapy and attempts pre-emptively to improve individuals.  There is also a small risk that such treatment could spread to the gonads thus affecting the germ line cells as well.”  

Germ-line gene therapy

Definition – making changes to the reproductive cells that will affect future generations, currently illegal (in humans) in the UK.

· Could be used to eradicate any inherited disease, for example, Down’s Syndrome. Haemophilia, Huntingdon’s etc. etc.

· Would remove the need to repeat somatic cell treatments in future generations

· Might be the only way to treat certain genetic conditions, such as brains cells in hereditary nervous system disorders.

Bernard Hoose said that we should first:  1. Study somatic cell therapies for years to see the indirect effects of genetic changes;  2. Study the effects of germ-line changes in animals;  3. Secure widespread public approval, as this will affect future generations as yet unborn

Ethical Issues

· Germ-line changes will affect large numbers of future generations, so any mistakes could have disastrous effects

· You could make people susceptible to viruses that have only affected animals in the past

· The risks are unknown, potentially huge and possibly irreversible

· There is also the problem of discrimination of minority groups because of reduced numbers and seeing a disability as a defect – see Eugenics below

· Reduces the variety in the human gene pool 

Enhancement genetic engineering

Definition – using germ-line gene therapy to improve a person rather than rectifying defects

· It’s hard to say when a genetic trait is a defect – is correcting bad eyesight an ‘enhancement’?

· Could be used to make ‘designer babies’ as in the film ‘Gattaca’

Ethical Issues

· This is unnecessary, therefore not worth any risk

· You might argue that germ-line gene therapy restores our natural design – no such defence is possible for enhancements (although you could argue that evolution is natural)

· Driven by companies trying to make money, not improve humanity

· Humans are a poor judge of what constitutes ‘improvement’ (we would be designing more Peter Andres and Jordans rather than Mother Teresas and Martin Luther Kings)

· Could lead to more diversity in human gene pool (but probably wouldn’t)

· These techniques would be available to the rich, widening the gap between rich and poor

· Reduces the worth of humans and replaces God as creator

Eugenic genetic engineering

Definition – using germ-line therapy to create a better ‘race’ of people

· Some people already think we are performing eugenics with pre-natal and pre-implantation screening for conditions such as Down’s Syndrome

· Eugenics has been the policy of corrupt dictatorships, but we should be wary of subtler attempts

Concerns

· Encourages discrimination of anyone not seen as ‘perfect’

· Values humans for the wrong reasons (no ‘innate’ value)

· Focuses on strength and intelligence – often qualities of very disturbed, evil people

· Usually misused for social, racial or political ends

· Attacks basic freedoms and rights

· However, if being psychotic or abusive is genetic, why not protect society by using eugenics?

· Further, why make society pay for people with disabilities if their problems can be eradicated?

Animal Transgenics

Definition – altering an animal’s genome by transferring a gene or genes from another species or breed.  Animal genetic engineering has been happening for years through selective breeding.  Technology has complicated things by allowing more transgenic breeding and a wider range of potential uses:

· ‘Pharming’ – using animals to produce drugs or vaccines – the following are either in development or undergoing human trials:

· Sheep producing alpha-1 antitrypsin in their milk – used in treating cystic fibrosis

· Sheep producing Factor IX, an enzyme important in clotting and needed by haemophiliacs

· Cows in the UK producing a protein in their milk to treat multiple sclerosis

· Chickens in the UK which lays eggs with anti-cancer properties

· Goats in the US producing proteins to treat HIV and other diseases

· Xenotransplants - animals bred to grow human organs

· Pig valves and hormones are already being used in humans

· Companies like PPL claim xenotransplantation (using animal organs for transplants) will be a reality in a few years

· Agriculture – leaner meat, better yield, greater resistance to disease

Ethical Issues

· Involves embryos

· Very inefficient – of 7,000 eggs injected to produce transgenic pigs, only 0.6% were successful

· Unnatural – attacks God’s role as creator

· Consequences are unknown and potentially very harmful

· Could affect entire ecosystems by upsetting the balance

· Could introduce e.g. pig viruses into humans (AIDS may have come from monkeys)

· Mistakes result in great suffering for animals

· e.g. calves engineered for muscle growth were unable to stand and had to be euthanised

· Companies are now patenting cross-breeds and making money from them

· Transgenic animals may be made for the wrong reasons – e.g. glow-in-the-dark rabbits

· Any developments will favour rich countries and further disadvantage developing countries

Plant transgenics

Definition – using biotechnology to produce a plant incorporating genetic information from another species.  

Could be used to: 

· increase yields and nutritional quality

· increase resistance to disease and pests

· increase resistance to heat, cold, draught or saline conditions

· make some plants immune to certain artificial pesticides and herbicides

· change the nature of the harvested product to provide a product of therapeutic value

Ethical concerns

· Effects unknown – environmental, health etc.

· e.g. Brazil nut gene was put into soy beans but caused nut allergy

· A type of corn producing allergies was used for animal feed – but was later found in tacos

· Antibiotic resistant genes used in crops could get into bacteria

· BT corn pesticide killed the harmless Monarch butterfly

· Removes choice, as genetically modified (GM) seeds travel over to non-GM crops or even weeds (making them stronger!)

· Could improve environment, but is driven by profit not concern for the environment

· Could provide an answer to world hunger (Kenyan researchers developed a GM sweet potato with an 80% improvement in yield)

· Charities think the opposite – it costs millions to develop these crops, so rich countries will do it first

· Traditional farming re-uses seeds, but biotech companies charge on a yearly basis

· Developing countries are going it alone, but their safety tests aren’t as thorough

Key Quotations

The central assumption behind the deployment of prenatal diagnosis is that life with a disability is not worthwhile and is primarily a source of suffering… From a disability-rights perspective, prenatal testing for foetal anomalies gives a powerful message that we seek to eliminate future persons with disabilities, fails to recognize the social value of future persons with disabilities, and conveys a devaluation of those now living with disability… By focusing so many resources on the elimination of potential persons with disability, we are drifting toward a eugenic resurgence that differs only superficially from earlier patterns. In the process we are seriously distorting the historical purpose of medicine as healing. We are creating a society in which disability is becoming increasingly stigmatized, with the result that human imperfection of all kinds is becoming less tolerated and less likely to be accepted as normal human variation.

Diane Beeson, "Social and ethical challenges of prenatal diagnosis", Medical Ethics Newsletter (Lahey Clinic) Winter 2000, p. 2
Aims of the topic

At the end of the topic most students will have:

· An understanding of what is meant by Pre-implantation Genetic Diagnosis (PGD)

· Become aware of the ethical issues involved in considering the extent to which PGD should be used to prevent genetic defects.

· Have considered which Genetic Engineering techniques used with plants and animals should be used with humans.

· Reflected on both the advantages and the dilemmas we are presented with as science progresses.

Some will not have progressed as far but will have:

· A basic understanding of what is meant by Pre-Implantation Genetic Diagnosis (PGD)

· An awareness of some of the ethical problems involved in using this technique for preventing genetic defects.

· Formed some opinions about which Genetic Engineering techniques used with plants and animals could be sued with humans.

· Outlined some of the advantages and ethical problems scientific progress presents us with.

Others will have progressed further and will have:

· Researched some case studies involving Pre-implantation Genetic Diagnosis (PGD).

· Come to informed opinions about the ethics of these case studies.

· Taken part in in-depth discussions about the use of Genetic Engineering techniques on humans.

· Carried out extensive research into some of the ethical problems of modern science.

Key Questions

· To what lengths should we go to eradicate genetic disorders?

· When does an embryo become a human being?

· In using Genetic Engineering are we trying to play God?

· Who is to say what a prefect human being is?

· To what extent should nature be subjected to Genetic Engineering? 

Learning Objectives 

· To be able to explain what is involved in Pre-Implantation Diagnosis (PDG).

· To contribute to discussions about the kinds of ethical issues raised by using this technique. 

· To offer informed opinions about the use of Genetic Engineering techniques on all the natural world, including humans.

· To have come to some conclusions about both the advantages and ethical problems involved in the use of modern scientific medical techniques.

· To have taken part in group work and presentations on the use of PDG and Genetic engineering.

Outcomes

· To have a sound understanding of what is meant by Pre-implantation Diagnosis (PDG)

· To identify some key issues in the use of both PDG and Genetic engineering.

· To reflect on positive and negative implications of the use of modern scientific medical techniques.

· To understand that modern medical scientific research does create ethical dilemmas.

Resources

· Student Resource Sheet 1
Pre-implantation Genetic Diagnosis

· Student Resource Sheet 2
Three Possible responses to PGD

· Student Resource Sheet 3
Script for Gattaca 10’20” to 11’50”
· Student Resource Sheet 4
Genetic Engineering

· Student Resource Sheet 5
History of Genetic Engineering

· Student Resource Sheet 6
Proposals Genetic Engineering
· Film: Gattaca [not provided on the CD-ROM]

Websites

· The following websites have information on specific genetic disorders:

· Androgen Insensitivity Syndrome - http://www.bbc.co.uk/health/genes/disorders/case_studies/ais2/introduction.shtml

· Congenital Adrenal Hyperplasia (CAH) - http://www.bbc.co.uk/health/genes/disorders/case_studies/cah/introduction.shtml

· Costello Syndrome - http://www.bbc.co.uk/health/genes/disorders/case_studies/costello/introduction.shtml

· Dyslexia -http://www.bbc.co.uk/health/genes/disorders/case_studies/dyslexia/introduction.shtml

· Klinefelter's Syndrome http://www.bbc.co.uk/health/genes/disorders/case_studies/klinefelter/introduction.shtml
· Marfan Syndrome - http://www.bbc.co.uk/health/genes/disorders/case_studies/marfan/introduction.shtml

· Noonan Syndrome - http://www.bbc.co.uk/health/genes/disorders/case_studies/noonan/introduction.shtml

· Rett Syndrome - http://www.bbc.co.uk/health/genes/disorders/case_studies/retts/introduction.shtml
Clinics that carry out PGD often have their own websites (these are all in America – the HFEA says there are four centres in the UK, but none of them have websites):

· California: The Reproductive Specialty Center in Newport Beach, CA.: http://www.drary.com/pgd.htm
· Florida: The Department of Obstetrics and Gynecology, University of Florida: http://www.med.ufl.edu/obgyn/pgd/
· Illinois: Reproductive Genetics Institute in Chicago, IL.: http://www.reproductivegenetics.com/index.shtml
· Oregon: Oregon Health Sciences University fertility program: http://www.kowhai.com/~kowhai/oregon/lab
The Christian Medical Fellowship has an article on PGD http://www.ethicsforschools.org/genetics/sub2000.htm 

On Genetic Engineering

http://www.genetics-and-society.org/technologies/index.html
gives information on the technologies available.

http://www.counterbalance.net/genetics/index-frame.html
covers many issues arising from genetics.

The Christian Medical Fellowship has a few articles about Genetics:

http://www.ethicsforschools.org/genetics/index.htm
http://www.morethanhuman.org gives more information about a book that ‘embraces the promise of biological enhancement’, with chapters on ‘Choosing our bodies’, ‘Choosing our minds’ and ‘Choosing our life-spans’.
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