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	Huntington's disease 

A progressive neurodegenerative disorder that usually strikes in middle to late adult life.
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Overview 

Huntington's disease is a rare inherited disorder involving the progressive loss of selected nerve cells in the brain. This results in dementia of gradually increasing severity, and eventually requires full nursing care. 

In over 90 per cent of cases, the disease symptoms appear between the ages of 30 and 50. Although there is no cure for the disease, early symptoms can be managed with drugs and other forms of therapy to improve quality of life. 

Genetics 

Huntington's disease is a single gene disorder. It is an autosomal dominant disease, which means that only one copy of the gene needs to be defective. Indeed, unlike many dominant diseases, the possession of one defective copy of the gene results in disease symptoms that are every bit as bad as those caused by two defective copies.

The occurrence of the disease is about one in 15000 across much of the world, although the incidence is higher in some specific populations, such as the Lake Maracaibo region of Venezuela. 

The disease gene is named HD (for Huntington's disease) and the protein is called huntingtin. The exact function of the huntingtin protein is unclear, but it is known to be associated with microtubules and synaptic vesicles, suggesting a role in the transport of substances or cell components along the microtubules to the synapses (the structures which facilitate communication between neurons). There is also some evidence that huntingtin is involved with apoptosis (deliberately programmed cell death). 

Symptoms 

Huntington's disease has both physical and psychological symptoms, but the indications vary from patient to patient. The early physical signs of the disease may include slight, uncontrollable muscular movements (chorea), clumsiness, loss of short-term memory and an inability to concentrate. This is often accompanied by mood swings, depression and uncharacteristic aggressive behaviour. 

As the disease progresses, the above symptoms become more severe. The involuntary movements become more pronounced, the psychological problems worsen, and the patient may experience weight loss, and difficulties with speech and swallowing. Motivation becomes a problem and depression can set in. Eventually, even the simplest tasks become impossible and full nursing care is required. Huntington's disease is inevitably fatal, although in many cases the actual cause of death is a secondary disease such as pneumonia. 

Diagnosis 

Tests for Huntington's disease are offered to individuals with a history of the disease in the family, although this must be accompanied by counselling to help such individuals come to terms with the future. A great deal of anxiety can be caused when those living in the shadow of Huntington's disease spend time looking for the symptoms and anticipating their onset. Prenatal tests for Huntington's disease are also available, although the prospect of terminating a pregnancy because the child may develop a disease in middle age raises considerable ethical concerns.

Treatment 

There is no cure for Huntington's disease, but the symptoms can be alleviated in a number of ways to improve quality of life. Drugs can be used to prevent the involuntary movements and control the mood swings and depression, while in later stages of the disease speech therapy is useful both to improve speech and facilitate swallowing. A well-balanced diet can prevent weight loss and may also have a positive impact on other symptoms. The average life expectancy of the patient once the disease has been diagnosed is about 15 years.
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	Haemophilia A and B 

Haemophilia A and B are disorders of blood clotting caused by mutations in one of two closely linked genes on the X chromosome. 
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Overview 

Haemophilia A and B are two diseases characterised by slow and inefficient formation of blood clots leading to prolonged bleeding from minor wounds and spontaneous internal haemorrhage. The diseases are caused by mutations in two closely linked genes on the X chromosome. 

Genetics 

Haemophilia A and B are single gene disorders caused by malfunctioning genes on the X chromosome. They are both recessive diseases, and therefore occur much more commonly in males than females. This is because two defective chromosomes must be present for the disease to occur in females, whereas only one is required in males. Haemophilia A is the commoner of the two diseases, affecting one in 5000 males, whereas haemophilia B affects approximately one in 40 000 males. 

Haemophilia A is one of the better-known inherited disorders because Queen Victoria was a carrier and transmitted the disease to several European royal families. 

The disease genes, known as F8 and F9 are found close together on the long arm of the X chromosome. They encode proteins known respectively as factor VIII and factor IX, which play key roles in the blood coagulation cascade. In response to trauma or injury, these proteins are needed to activate another component of the cascade, factor X. It is factor X that converts the inert circulating protein prothrombin into active thrombin, which in turn converts fibrinogen into fibrin, the protein that forms the substance of blood clots. 

Symptoms 

Haemophilia A and B have very similar symptoms, and both can range from mild to severe depending on how little of each protein is produced. Mild forms of the diseases, in which there is only a moderate reduction in factor VIII or factor IX, result in longer than normal healing times for minor wounds caused by trauma or surgery. 

In the most severe cases, where factor VIII or IX are reduced to below 1 per cent of their normal levels, there is a significant delay in clotting resulting in protracted bleeding, and there may be spontaneous haemorrhaging into joints in muscles, resulting in swelling and pain and eventual deformation of joints. 

Diagnosis 

The severe forms of the disease are diagnosed by the easily recognisable symptoms – bleeding, haemorrhaging and bruising. The two different forms of the disease can be distinguished by a process of elimination (seeing whether the administration of factor VIII or factor IX helps alleviate the symptoms) and by direct testing of DNA for the presence of mutations in the F8 and F9 genes. 

Treatment 

For many years, haemophilia has been treated successfully by the regular injection of purified factor VIII or factor IX into the blood. To avoid risks of contamination with viruses and prions, recombinant factor VIII produced in bacteria can be used instead. In each case, the injected protein lasts only a few hours, so the doses must be maintained especially under circumstances where bleeding is likely (e.g. surgery). 

Haemophilia gene therapy is also being investigated because only small amounts of each factor are required in the blood to alleviate the disease symptoms. 
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	Cystic fibrosis 

Cystic fibrosis is a relatively common inherited disorder involving the accumulation of thick mucus in the lungs and pancreatic ducts. 
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Overview 

This causes breathing difficulties, chronic respiratory infections and problems with digestion. Although there is no cure for the disease, appropriate clinical management in the form of physiotherapy, antibiotic treatment and a supplemented diet allows most patients to live well into their 30s. 

Genetics 

Cystic fibrosis is a single gene disorder caused by a malfunctioning gene on chromosome 7. It is a recessive disease , which means that both copies of the gene must be defective. It has the highest incidence of any recessive disease in Caucasian populations (approximately 1 in 2000) but it is less common in other population groups (1 in 15 000 in Africans, and 1 in 30 000 in Asians). 

The disease gene is named CFTR, which stands for cystic fibrosis transmembrane conductance regulator. The normal product of this gene is a chloride channel, a protein whose function is to export chloride ions from the cell. The CFTR protein also helps to regulate the import of sodium ions. Its overall effect is to prevent the accumulation of salt (sodium chloride) inside mucus-producing cells, which is necessary to produce mucus of the correct consistency. 

Mutations that reduce the amount of CFTR protein or interfere with its activity allow salt to accumulate inside these cells, resulting in the production of thick, sticky mucus that does not drain away effectively. 

Symptoms 

The most common symptoms of cystic fibrosis are coughing and chronic breathing difficulties brought about by the excess mucus lining the lungs and respiratory tubes. This encourages persistent and repeated lung infections, often involving the bacterium Pseudomonas aeruginosa which rarely infects healthy people. Over time, the recurrent infections result in lung damage characterised by the deposition of fibrous cysts, hence the name of the disease. The infections and the damage they inflict become more difficult to manage over time, contributing to the early death of cystic fibrosis patients. 

About 85 per cent of cystic fibrosis cases also include a pancreatic deficiency caused by mucus blocking the pancreatic ducts. The pancreas produces enzymes that are necessary to digest food, and in cystic fibrosis these enzymes are prevented from reaching the alimentary canal. Children with the disease suffer malnutrition, and gain weight very slowly. 

Almost all males with cystic fibrosis are sterile because the vasa deferentia (the tubes that carry sperm) are missing. Some males have a very mild form of cystic fibrosis where sterility is the only symptom. 

Diagnosis 

Tests for cystic fibrosis are often carried out in children with persistent lung infections or growth problems. The disease is diagnosed using a simple test that measures the amount of salt in the sweat. Individuals with the disease have more salt in their sweat than unaffected people. If there is a family history of the disease, a prenatal test may be offered, which is based on the detection of mutations in the CFTR gene. 

Treatment 

The respiratory problems associated with cystic fibrosis can be reduced by daily therapy involving a parent of carer drumming on the back and chest of the patient to loosen the mucus and help clear it from the lungs. A mucus-thinning drug can also be used if necessary. These precautions reduce the risk of lung infections but do not eliminate them. Careful monitoring is required and the use of antibiotics such as tobramycin, often inhaled as a vapour, can be used to manage infections quite efficiently. 

The pancreatic deficiency can be treated by supplementing the diet with pancreatic enzymes. Children with the disease often adhere to high-calorie diets supplemented with vitamins and minerals to ensure proper growth and development. Although there is no cure for the disease, there have been several attempts to provide medium to long-term relief using gene therapy 
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	Down's syndrome 

Down's syndrome is a chromosome disorder – a disease caused by a visible abnormality of the chromosomes rather than a mutation affecting a single gene. In Down's syndrome, the abnormality is a complete extra copy of chromosome 21. 
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Genetics 

The most severe chromosome disorders involve the loss or gain of whole chromosomes. Such abnormalities change the copy number of hundreds or even thousands of genes causing a gross imbalance of the gene products. 

The presence of an extra autosome (autosomal trisomy) is usually incompatible with full-term development and results in spontaneous abortion. However, a few trisomics can survive to term because the additional chromosome has relatively few genes (chromosomes 13, 18 and 21, with fewer than 500 genes each). Trisomy 21 is the only autosomal trisomy compatible with a normal lifespan and this may be because chromosome 21 contains only about 240 genes. 

Background: 

How does the extra copy of chromosome 21 arise? The most common mechanism is non-disjunction, where the paired chromosomes fail to separate as the cell divides, leaving one cell with two copies and the other with none. If the cell with two copies of chromosome 21 becomes an egg or a sperm, fertilization with a normal gamete will produce an embryo with three copies. 

The incidence of Down's syndrome is about one in 700 live births, but more are found in spontaneous abortions – suggesting the incidence per conception is much higher. The incidence of Down's syndrome is strongly related to maternal age: in young mothers (early 20s), the incidence is one in 1500 but rises sharply to as much as one in 30 by the time the mother is 45. The recurrence risk (the risk of having a subsequent Down's syndrome child if one has already been born) also rises with maternal age.
Symptoms 

The symptoms of Down's syndrome include mild to moderate mental retardation, limited growth, characteristic facial features (slanting eyes sometimes with a squint, small ears, open mouth with protruding tongue, small nose) and in about 50 per cent of cases, a simian-like crease across the palm, sometimes accompanied by fused fingers (syndactyly). 

The life expectancy of Down's individuals is lower than normal because the disease symptoms often include heart defects and problems with the duodenum and colon. 

Two-thirds of Down's conceptions are spontaneously aborted and many individuals with the disease die in childhood. However, life expectancy can be as high as 40-50, and there is no effect on fertility. A small number of children have been born to women with Down's syndrome, about equal numbers of which have been normal and Down's. Older Down's patients are at increased risk of developing Alzheimer’s disease. 

Diagnosis 

Down's syndrome is generally diagnosed at birth by the facial appearance of affected babies plus the characteristic hypotonia (poor muscle tone, resulting in floppiness), sleepiness and the presence of extra folds of skin around the neck. Blood tests are then carried out to confirm the diagnosis by looking for the extra copy of chromosome 21 or other abnormalities involving this chromosome. 

Prenatal testing for Down's syndrome is also possible, and is usually recommended for older mothers and families with a history of translocation Down's syndrome. 

Treatment 

People with Down's syndrome can lead fulfilling and successful lives. Down's children attend school although they need special education and reach developmental milestones later than unaffected children. Overall, it is important to carry out regular medical checks particularly for heart problems, hearing and visual defects, and skeletal deformation so that appropriate corrective measures can be taken if necessary. Speech therapy and physical therapy can be useful to help Down's children achieve their full potential.
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	Fragile-X syndrome 

Fragile-X syndrome is an inherited form of mental retardation caused by a single malfunctioning gene on the X-chromosome. 
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Fragile-X syndrome is the commonest form of inherited mental retardation, affecting about one in 2000 males and one in 6000-8000 females in all ethnic groups. As well as learning and behavioural difficulties, affected individuals also tend to have a characteristic facial appearance with a prominent jaw and large ears. Some may suffer from seizures. 

The symptoms are generally more severe in males than females. There is no cure for fragile-X syndrome, although drugs can be used to control the seizures and some of the behavioural problems. Affected individuals usually have a normal life span. 

Genetics 

Fragile-X syndrome is a single gene disorder caused by a malfunctioning gene on the X chromosome. The gene is named FMR1, which stands for fragile-X mental retardation, and is unusual in that it contains a stretch of DNA in which the same three bases are repeated over and over again. 

In most people, the FMR1 gene contains fewer than 50 of these triplet repeats, allowing it to function normally. However, about one in every 200 women carries a larger number of repeats (50-200) which makes this section of DNA very unstable and liable to expand rapidly in the cells that will develop into eggs. Such women show no disease symptoms and are said to carry a pre-mutation, but they are likely to produce children carrying the full mutation, with 200 or more triplet repeats. In some way, this large number of repeats prevents the FMR1 gene from being expressed. The precise function of the gene is unknown, although it is thought to help nerve cells communicate with each other. 

Symptoms 

The symptoms of fragile-X syndrome are more severe in males than females because males have only one X chromosome, and therefore do not have a functional copy of the FMR1 gene to balance the effect of the mutated one. 

Affected boys often reach developmental milestones such as sitting and talking later than their unaffected peers. They show moderate to severe mental retardation, often combined with behavioural problems such as hyperactivity and autism. As they grow older, physical signs of the disease become more pronounced: a characteristic long face with jutting jaw, large ears and high forehead; enlarged testicles; flat feet; unusually flexible finger joints. 

Girls with the disease tend to have large ears and may suffer mild behavioural problems, but only about one-half of them show evidence of mental retardation. 

Diagnosis 

Testing for fragile-X syndrome is usually recommended if a child shows one or more of the disease symptoms, if the mother is known to carry a pre-mutation or a full mutation, or if there is a history of unexplained mental retardation in the family. 

Originally, the test involved culturing cells under special conditions that would reveal a fragile site on the X chromosome, a site at which the chromosome was prone to breakage. This is how the disease got its name. However, this test is only effective in about 50 per cent of cases. 

Now, testing is carried out by looking directly at the FMR1 gene in cells obtained from a blood sample, and counting the number of triplet repeats. 

Treatment 

While fragile-X syndrome cannot be cured, drugs can be used to prevent seizures and treat some of the common behavioural problems (for example, Ritalin is used to treat hyperactivity). Children with fragile-X syndrome benefit from specialist education, often including occupational and speech therapy. 

