GENE THERAPY

One of the most amazing genetic applications in medicine is gene therapy. Also known as somatic gene therapy and therapeutic gene therapy, this procedure involves inserting (or sometimes deleting) portions of the genes in diseased patients so that they can be cured and live healthier lives. 

Two methods exist for inserting genetic material into human chromosomes. The first, called the ex vivo technique, involves surgically removing cells from the affected tissue area, injecting or splicing the new DNA (the DNA that will correct the disease) into the cells and letting them divide in cultures. The new tissues are placed back into the affected area of the patient. Often, doctors need only culture the patient’s bone marrow because it produces the blood that will eventually travel throughout the body. This type of surgery, however, is especially painful, and patients usually have to undergo it twice--once to extract the marrow and then again to replace it--because the culturing time takes many hours to complete. The second method is called the in vivo technique and requires no surgery or even anesthesia. In this process, the therapeutic DNA is injected directly into the body cells, usually via one of two types of viruses. The most frequently used type is the very simple retrovirus. Dr. Richard Mulligan of MIT has synthetically created the perfect retrovirus: it has no reproduction sequence and exists solely to deliver therapeutic DNA during gene therapy. It has no viral DNA (DNA that would make the cell--and you-- sick) whatsoever and only carries the new DNA that has been spliced into it. After injecting the diseased cell with the new therapeutic DNA, it then dies. Using retroviruses is very safe and provides long-lasting effects. Unfortunately, the new DNA it injects will only help the new daughter cells and not those that already exist. The second type of virus used for the in vivo technique is called an adenovirus, the equivalent of the common cold virus. Although this virus will also die after injecting its spliced therapeutic DNA, it will be attacked by the immune system and the patient will suffer from a temporary sore throat and runny nose. The adenovirus works the same way the retrovirus does, but its effects are much more immediate--within 48 hours. Unlike the retrovirus, though, the new DNA’s effects wear off within weeks. Scientists like the fact that only a few millimeters of altered adenovirus solution is needed to cure the patient, whereas several liters of retrovirus are needed to obtain a much slower result.

There are other gene therapy techniques, although they aren’t as frequently used. One method involves inserting therapeutic DNA into cultured endothelium tissue (endothelium is the membrane that lines all of the blood vessels) and then grafting it into the patient. Another technique requires the patient to receive an electric shock while submerged in a bath of a therapeutic DNA solution. The shock opens the skin pores, allowing the DNA to enter. Still other options include skin grafts, connective tissue grafts, and injecting the liver with the therapeutic DNA. 

GENE SPLICING

Gene splicing is just what it sounds like: cutting the DNA of a gene to add base pairs. Contrary to the immediate image, however, no sharp instruments are involved; rather, everything is done chemically.

Chemicals called restriction enzymes act as the scissors to cut the DNA. Thousands of varieties of restriction enzymes exist, each recognizing only a single nucleotide sequence. Once it finds that sequence in a strand of DNA, it attacks it and splits the base pairs apart, leaving single helix strands at the end of two double helixes. Scientists are then free to add any genetic sequences they wish into the broken chain and, afterwards, the chain is repaired (as a longer chain with the added DNA) with another enzyme called ligase. Hence, any form of genetic material can be spliced together; bacteria and chicken DNA can, and have been, combined. More often, though, splicing is used for important efforts such as the production of insulin and growth hormone to cure human maladies. In the past, insulin was only obtainable from the pancreas of cadavers (and it required 50 cadavers to yield one dose!). With modern splicing techniques, enough insulin can be produced for all diabetics. The insulin-producing genes from human DNA are spliced into plasmid DNA; the plasmids are then allowed to infect bacteria, and, as the bacteria multiply, large amounts of harvestable insulin are produced. Splicing has other practical medicinal uses, too. In July of 1996, a 68-year-old woman became the first patient to be treated for arthritis (a disease which affects an estimated 2.1 million Americans) via gene therapy. At the University of Pittsburgh, therapeutic DNA that blocks the production of a specific protein (IL-1) that causes arthritis pain was injected into two of her knuckles. 

GENE SILENCING

Another aspect of gene therapy is gene silencing, also called antisense technology. With this method, geneticists can inactivate a gene that may cause disease or be defective. 

When DNA replicates, RNA bonds to half of the split double helix, making a mold of sorts. The RNA (messenger RNA or mRNA) is then used to create an identical DNA strand. To silence a gene on a chromosome, scientists, therefore, simply make an RNA strand 15-20 bases in length complementary to the mRNA. The synthesized RNA will attach itself to the mRNA and prevent that portion of the mRNA from creating the gene on the duplicate DNA strand. This method is highly specific. 

Gene silencing is used to treat several viruses including AIDS, Herpes, Chicken Pox, and Hepatitis. More importantly, though, antisense technology is used by geneticists in research to learn what happens when certain genes are silenced. 
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