Reading #47

Gene therapy
Article available at: http://www.ama-assn.org/ama/pub/category/2827.html
Gene therapy is a novel approach to treat, cure, or ultimately prevent disease by changing the expression of a person’s genes. Gene therapy is in its infancy, and current therapies are primarily experimental, with most human clinical trials still in the research stages.



How does gene therapy work?
Genes are composed of DNA that carries information needed to make proteins – the building blocks of our bodies. Variations in the DNA sequence or code of a gene are called mutations, which often are harmless but sometimes can lead to serious disease. Gene therapy treats disease by “repairing” dysfunctional genes or by providing copies of missing genes. 

To reverse disease caused by genetic damage, researchers isolate normal DNA and package it into a vehicle known as a vector, which acts as a molecular delivery truck. Vectors composed of viral DNA sequences have been used successfully in human gene therapy trials. Doctors infect a target cell — usually from a tissue affected by the illness, such as liver or lung cells—with the vector. The vector unloads its DNA cargo, which then begins producing the proper proteins and restores the cell to normal. Problems can arise if the DNA is inserted into the wrong place in the genome. For example, in rare instances the DNA may be inserted into a regulatory gene, improperly turning it on or off, leading to cancer.

Researchers continue to optimize viral vectors as well as develop non-viral vectors that may have fewer unexpected side effects. Nonviral gene delivery involves complexing DNA with an agent that allows it to enter a cell nonspecifically. DNA delivered in this manner is usually expressed for only a limited time because it rarely integrates into the host cell genome.   

Initial efforts in gene therapy focused on delivering a normal copy of a missing or defective gene, but current programs are applying gene delivery technology across a broader spectrum of conditions. Researchers are now utilizing gene therapy to :

· Deliver genes that catalyze the destruction of cancer cells or cause cancer cells to revert back to normal tissue 

· Deliver viral or bacterial genes as a form of vaccination 

· Deliver genes that promote the growth of new tissue or stimulate regeneration of damaged tissue 

What diseases could be treated with gene therapy?
About 4,000 diseases have been traced to gene disorders. Current and possible candidates for gene therapy include cancer, AIDS, cystic fibrosis, Parkinson’s and Alzheimer’s diseases, amyotrophic lateral sclerosis (Lou Gehrig's disease), cardiovascular disease and arthritis.

In cases such as cystic fibrosis or hemophilia, disease results from a mutation in a single gene. In other scenarios like hypertension or high cholesterol, certain genetic variations may interact with environmental stimuli to cause disease.

Has gene therapy been successfully used in humans?
Gene therapy is likely to be most successful with diseases caused by single gene defects. The first successful gene therapy on humans was performed in 1990 by researchers at the National Institutes of Health. The therapy treated a four-year-old child for adenosine deaminase (ADA) deficiency, a rare genetic disease in which children are born with severe immunodeficiency and are prone to repeated serious infections. 

Since 1990, gene therapy had been tested in human clinical trials for treating such diseases as severe combined immunodeficiency disease (SCID), cystic fibrosis, Canavan's disease, and Gaucher's disease. In 2003, more than 600 gene therapy clinical trials were under way in the United States but only a handful of these are in advanced stages. SCID, in which children lack natural defenses against infection and can only survive in isolated environments, remains the only disease cured by gene therapy.

Are genetic alterations from gene therapy passed on to children?
Gene therapy can be targeted to somatic (body) or germ (egg and sperm) cells. In somatic gene therapy, the patient’s genome is changed, but the change is not passed along to the next generation. In germline gene therapy, the patient’s egg or sperm cells are changed with the goal of passing on changes to their offspring. Existing gene therapy treatments and experiments are all somatic.

Germline gene therapy is not being actively investigated in larger animals and humans for safety and ethical reasons. In September 2000, the American Association for the Advancement of Science (AAAS) called for a moratorium on attempts to cure genetic diseases through human germline gene therapy. While its report supported expanded basic research in the field of clinical gene therapy, AAAS concluded that neither science nor society is ready for germline gene therapy research.
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Prions Rapidly 'Remodel' Good Protein Into Bad, Brown Study Shows
Brown University
September 8, 2005
Available at http://www.sciencedaily.com/releases/2005/09/050908083457.htm
PROVIDENCE, R.I. Two Brown Medical School biologists have figured out the fate of healthy protein when it comes in contact with the infectious prion form in yeast: The protein converts to the prion form, rendering it infectious. In an instant, good protein goes bad.

This quick-change "mating" maneuver sheds important light on the mysterious molecular machinery behind prions, infectious proteins that cause fatalbrain ailments such as mad cow disease and scrapie in animals and, inrare cases, Creutzfeldt-Jacob disease and kuru in humans.

Because similar protein self-replication occurs in neurodegenerative diseases, the findings, published in the latest issue of Nature, may also help explain the progression of Alzheimer's, Parkinson's and Huntington's diseases.

Graduate student Prasanna Satpute-Krishnan and Assistant Professor Tricia Serio, both in Brown's Department of Molecular Biology, Cell Biology and Biochemistry, conducted the research using Sup35, a yeast protein similar to the human prion protein PrP.

The researchers tagged a non-prion form of Sup35with green fluorescent protein in one group of cells and "mated" these cells with another group that contained the prion form. When the two forms came in contact in the same cell, the green-glowing, healthy protein changed pattern a visual sign that it converted to the prion form. These results were confirmed in a series of experiments using different biochemical and genetic techniques.

Because proteins can't replicate like DNA and RNA the genetic material in bacteria, viruses and other infectious agents the research helps explain the puzzling process of how prions multiply and spread infection.

Satpute-Krishnan said the speed of protein conversion was surprising. "The prions were taking all the existing protein and refolding it immediately," she said. "It's a very, very rapid change."

After the conversion, theyeast cells remained healthy but had new characteristics. This survival supports the theory that prions have endured through evolution because shape-shifting is advantageous, allowing cells to avoid stress by rapidly adjusting to a new environment.

"Our studies provide some insight into how the appearance of a misfolded protein a rare event can lead to devastating neurological diseases," said Serio. "Just a small amount of prion-state protein can rapidly convert healthy protein into a pathogenic form."

The National Cancer Institute and the Pew Scholars Program in the Biomedical Sciences funded the research.

Note: This story has been adapted from material provided by Brown University.
Enzyme Fully Degrades Mad Cow Disease Prion
North Carolina State University
January 6, 2004
Available at http://www.sciencedaily.com/releases/2004/01/040106081302.htm


Research by North Carolina State University scientists, in conjunction with scientists from the Netherlands and BioResource International, an NC State spin-off biotechnology company, has shown that, under proper conditions, an enzyme can fully degrade the prion or protein particle believed to be responsible for mad cow disease and other related animal and human diseases. These transmissible prions believed to be the cause of bovine spongiform encephalopathy (BSE), the technical name for mad cow disease, as well as the human and sheep versions, called Creutzfeldt-Jakob disease and scrapie, respectively are highly resistant to degradation, says Dr. Jason Shih, professor of biotechnology and poultry science at NC State. But the new research, which tested the effects of a bacterial enzyme keratinase on brain tissues from cows with BSE and sheep with scrapie, showed that, when the tissue was pretreated and in the presence of a detergent, the enzyme fully degraded the prion, rendering it undetectable. 

The research was published in the Dec. 1 edition of The Journal of Infectious Diseases. 

Shih's colleagues in the research study included first author Jan Langeveld, Dick Van de Wiel, Jan Garssen and Alex Bossers from the Central Institute for Animal Disease Control in Lelystad, The Netherlands; and Giles Shih and Jeng-Jie Wang from BioResource International, which is located on NC State's Centennial Campus. 

The researchers now plan another study to test the effectiveness of the enzyme on the treated BSE prions in mice. The two-year study begins in January 2004 and is funded with $190,000 from the National Cattleman's Beef Association. 

"Our work has been done in vitro, or in test tubes, and we've reduced the prion to undetectable levels," Jason Shih says. "Our work with mice will show whether these undetectable levels of prion are indeed non-infectious." 

Jason Shih will also test keratinase's effectiveness in decontaminating equipment that processes animal by-products. Many scientists believe that mad cow disease is spread by healthy animals eating feed containing by-products from BSE-infected animals. Using keratinase to gobble up harmful prions on the processing equipment would go a long way in reducing the risk of spreading BSEs like mad cow disease, Shih believes. 

This study to optimize the degradation process is funded for two years with $180,000 from the Food and Drug Administration. Shih says in lieu of using actual BSE materials, which are quite dangerous to work with, researchers will use a surrogate protein produced from yeast that has similar physical and chemical properties, but is non-pathogenic. 

Shih hit upon the idea of using keratinase to degrade prions based on his more than two decades of work as a poultry scientist looking for ways to manage poultry waste. He discovered that a bacteria, Bacillus licheniformis strain PWD-1, could degrade chicken feathers. Shih isolated and characterized the bacterial enzyme keratinase, and then isolated and sequenced the gene that encodes keratinase. By fermentation technology, he was able to develop a way to produce mass quantities of the enzyme, and did studies that proved many valuable applications of the enzyme. 

Shih found that keratinase can be added to chicken feed to increase digestibility and the efficiency of the feed; that is, chickens who eat feed with the enzyme grow to optimal weight quicker and need less feed to grow to that optimal weight. The enzyme thus can provide the same benefit in feed that antibiotics currently provide. Animal producers are looking for safer substitutes to antibiotics, and Shih believes that keratinase can serve that purpose. 

Soon, it will become clear whether keratinase can also help prevent mad cow and other harmful diseases caused by prions.

Note: This story has been adapted from material provided by North Carolina State University.
Green light/red light: Healthy Sup35, tagged with a green fluorescence, changed to red after converting to the infectious prion form. (Image courtesy of Brown University)








