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Bringing the Light Back to Life. 

What A Year! for May, 2009

It would be hugely beneficial to restore vision to those who have lost it because of nerve damage. But unlike some other species, mammals are not naturally able to regenerate the nerves of the retina or other portions of the eye. Scientists have studied development and regeneration in other species for years, and hope to carry that knowledge to humans. Dr. Thomas Reh and his colleagues at the University of Washington work every day on the mysteries of vision and regeneration.
To get the entire story, go to What A Year! and click on the 05/09 icon.

1. What is the retina?

The retina is the innermost layer of the eye that changes light into chemical signals that are passed on to the brain.

2. What are the three layers of the retina? What types of neurons are found in the retina?

The retina consists of a photoreceptor layer containing photoreceptor cells, a bipolar cell layer containing bipolar cells and amacrine cells, and a layer of ganglion cells.

3. Describe the pathway of light as it enters the eye until it reaches the brain.

Light entering the eye first hits the photoreceptors in the back of the retina. The photoreceptors change the light into chemical signals that are sent to the bipolar cells. The bipolar cells send the signals they receive from the photoreceptors either to amacrine cells, which pass them along to the ganglion cells, or directly to the ganglion cells. The ganglion cells send the messages to the optic nerve where they make their way to the visual cortex.

4. What are some common ways blindness occurs? What are some eye diseases that can result in blindness and what are their causes?

Since neurons cannot be regenerated, blindness occurs when neurons in the retina or optic nerve are damaged or lost. Two common eye diseases that cause blindness are macular degeneration, caused by the loss of photoreceptor cells, and glaucoma, caused by the loss of ganglion cells.

5. What did Dr. Reh and previous researchers find about retinal regeneration in fish, amphibians, and birds?

Previous researchers had found that if the retina was damaged in both fish and amphibians, these animals were able to regenerate their retinal neurons. Dr. Reh, in his research on baby chicks, found that chickens could also regenerate retinal tissue to a much more limited extent.

6. How do fish and amphibians regenerate their retinas? What did Dr. Reh hypothesize based on this information?

When the retina is damaged in fish and amphibians, glial cells are stimulated to re-enter the mitotic cycle and divide into new cells. Some of these cells become neurons. In mice, glial cells do not divide after retinal damage. Dr. Reh hypothesized that if glial cells in mice were stimulated to divide using growth factors, it would be possible to create new neurons.

7. What is a growth factor? What growth factors did Dr. Reh begin his experiments with and what are their known functions in the body?

Growth factors are proteins that stimulate cell growth in the body. Dr. Reh began his experiments with epidermal growth factor (EGF), fibroblast growth factor (FGF) and insulin-like growth factor (IGF). All three growth factors have been found to be important in the retinal regeneration and retinal development of fish and amphibians.

8. What were the results of Dr. Reh’s experiments with retinal regeneration in mice? 

In his first set of experiments, Dr. Reh found that EGF did stimulate glial cells to divide and did create some new neurons. In further experiments he found that the combination of FGF and IGF was particularly good for stimulated neuronal growth. 
9. What further steps are needed before retinal regeneration in mice could actually restore vision loss?

Dr. Reh’s experiments stimulated glial cells to produce several thousand neurons. In order for vision to be restored, however, this number must be increased to the order of millions of neurons. Also, the neurons created by the glial cells in these experiments are amacrine cells, which are not associated with any diseases causing blindness. In order for vision to be restored, researchers must be able to stimulate the production of other types of retinal neurons such as ganglion cells, photoreceptor cells, etc.

10. What is the current focus of Dr. Reh’s research?

Dr. Reh is currently looking at the role of two genes found to be important for retinal regeneration in fish. The MASH-1 gene is turned on very early in fish embryonic development and is important for the production of all neuron types. PAX6 is released later in fish embryonic development and is important for the production of all neurons except for amacrine cells. 
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To Think About:





Fish, amphibians, and many other types of animals are able to regenerate body parts such as a severed limb or the retina. Mammals, on the other hand, including humans, do not have such regenerative power. Why do you think this is? What are some of the advantages and disadvantages of regeneration that may have made it evolutionarily more important for some animals and not others?





Dr. Reh and other scientists studying retinal regeneration are looking to the animal world for guidance in their research. What other major breakthroughs have come as a result of modeling the natural behavior or development of other animals? What do you think would be a good place in the animal world to look for new research and understanding? 





What is the distribution of eye colors (e.g., brown, blue, gray, green) among the population of the United States? Of the world?





What is stereoscopic vision and why is it important to humans?





Do you know anyone who is signed up to be an eye donor when they die? Find out exactly which part of the eye is donated to help save the vision of another person.











