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Introduction
- The case presents a genetic disease scenario, asks students to demonstrate some knowledge of the optical system, and asks students to calculate genetic probabilities. The story is a true one.

- This case is designed for large introductory biology classes that use clickers (personal response systems) to manage and collect student input. Therefore, the case has clicker questions, marked CQ2 (or whatever number it is), with the correct answer highlighted in bold. Before the powerpoint is used for teaching the case, it is expected that the professor will remove the bolding and format the clicker question for use with the specific hardware / software system that is being used in the course.

- While it is beyond the scope of this case to explain how to teach using clickers, this case was written as part of an NSF grant designed to show the advantages of using clickers to teach cases, and cases within clicker classes. Teaching cases with clickers and large classes is different from teaching cases to smaller classes; to successfully teach this or other clicker cases, the professor will need to manage time, have taught students how to respond with clickers, and will need to consider if it is desired to have followup assignments, precase handouts, or other materials. As written and designed, this case is intended to be taught as one 50-minute block of time; optional followup assignments are also described below.
Objectives
- To introduce an example of a vision problem and see the effect of genetic disease

- To introduce students to calculating implications of genetic diseases for family members

- To explore the optical nervous system

- To encourage students to humanize patients. Neil is not just presenting a visual field defect, he is a complex person who has responded in some unique ways to his problem, as do all patients

Misconceptions
- Genetic diseases are well understood

- Genetic counselors can only give vague predictions

Prerequisite Concepts
- The basic nervous system

- Punnett Squares and simple Mendelian genetics

Supporting Material
- A powerpoint presentation containing five pre/post clicker questions, and one transfer question. These questions are optional, and are designed for assessment. If you begin teaching the case by asking the pre/post questions, and then begin the next class period by asking the same five questions, student responses can be compared to evaluate their learning responses to the case. The transfer question should be suitable as a subsequent test question.

Optional Demonstration
I have included an optional demonstration to show how different neurons can reinforce a message, and how synaptic connections can integrate. I ask for volunteers (or just select students) to be the following components of the nervous system. These students come forward, are given an identifying piece of paper (see the attached Neuron Demo Handout), and some get additional props:

- Tear Releaser (TR): gets a spray bottle of water

- At least three Pain Sensors (PS)

- Dry Sensor Neuron (DSN)

- Object Sensor Neuron (OSN) 

- Bright Light Sensor Neuron (BLSN)

- Target Neuron (TN)

- Eye Muscle (EM): gets a piece of cardboard with an eye printed on it

Connect the target neuron student (TN) with a string to the muscle student (EM). The string represents the axon extending from the target neuron, and whenever the axon is pulled MS responds by blinking the eye. Demonstrate to the class this connection. Point out that we have an incomplete system, since there is nothing to trigger the TN to fire the axon.

Next, connect the sensor neuron students (DSN, OSN, and BLSN) to the TN with more pieces of string. The pieces of string are dendrites. When a dendrite fires TN responds by firing the axon, which in turn should tell the muscle to blink the eye. Demonstrate that this way the eye can sense bright light, a dry eye, or an object very close to the eye, and that in each case it will respond by blinking.

Let’s build in a negative feedback loop. Connect another piece of string from the DSN to the TR. Whenever the DSN senses the eye is getting dry, it will now fire both the blink and cause some tears to be released. If TR sprays in the vicinity of the DSN, that should signal the DSN that the eye is no longer dry, and the DSN will stop firing.

Now let’s connect some pain sensors (PS). Connect each PS to the TN and the TR. Simulate a speck of dust in the eye: one PS responds, causing the eye to blink and to produce tears until the speck of dust is removed. Then simulate the eye getting sprayed with hairspray: all of the pain sensors kick in, causing the eye to blink and cry.

At this point, if you want you can adjust the sensitivity of the TN: have it fire only if two signals arrive within 1 second. Now one sensor can fire repeatedly, triggering the TN, or all of the sensors can fire, also triggering the TN, but if one sensor fires once the TN won’t respond.

Classroom Management
- This case is set up for large lecture sections and uses clickers (personal response systems) to collect and manage student responses. It is expected that students are already familiar with the concept of clickers to enter responses. When I teach large lecture sections, I usually use informal small groups, i.e., we often break into small group work, in which I expect students to combine into groups of two to four students to discuss and solve a problem together. Students are often resistant to this small group concept at first, feeling that it lets the struggling students cheat and doesn’t help the smarter students (which, of course, is what every student believes they are). Thus, when I teach students how to use clickers and why cases are important, I have them practice forming small groups; my teaching assistant and I patrol the entire classroom and insist that everyone get involved in a small group. This takes some assertiveness, but getting everyone involved pays off in the end. It helps me to tell the students that the more struggling students learn by discussing a problem, and better students learn too when they explain the answer to their friends.

Background Information
Retinitis Pigmentosa (RP) is the progressive loss of vision due to problems with the photoreceptors and the pigment lining of the retina. It affects about 1 in 4000 Americans. There are multiple causes and varieties, but it is normally genetically caused. The mode of genetic transmission may be autosomal dominant, autosomal recessive, or X-linked, and apparently there are over 70 different genetic defects that can cause this condition. The usual main symptoms are night blindness and peripheral vision loss; often glare from bright light and sunshine is another significant issue.

It usually first appears in adolescence, although it can occur as late as the mid-50s. One reference cites a study that found 25% of adults 45 and older with the condition were legally blind (20/200 or worse). Sometimes the effects are in both eyes, and sometimes mostly or all in one eye.

Here's a quote from one webpage (http://www.emedicine.com/oph/topic704.htm): "The typical features of rod-cone RP may include RPE hyperpigmentation in the form of "bone spicules" that alternate with atrophic regions, attenuation of the arterioles, and waxy pallor of the optic nerve head." Bone spicules, ateriole attenuation, and optic nerve pallor were all symptoms of mine that were noted by Dr. Chung. Apparently the progression is often quite slow. One study (http://www.lowvision.org/retinitis_pigmentosa.htm) reports degeneration of about 5% of what is left per year. 

The version that Neil has is probably Usher's Syndrome. What is it? A genetic disorder characterized by hearing loss and vision loss. It is named after C.H. Usher, a British opthamologist, who described the syndrome in 1914, although its been noticed as a relationship since 1855. There are three types:

Type
Hearing
Balance
Vision 

Type I
Complete deafness at birth
Problems with balance
retinitis pigmentosa (usually adolescence?) 

Type II
Moderate to severe hearing loss at birth
No balance problems
retinitis pigmentosa (usually adolescence?) 

Type III
Progressive hearing loss 
No balance problems
retinitis pigmentosa (usually adolescence?) 

10,000 to 15,000 people in the U.S. have Usher's Syndrome. It is apparently the most common cause of deafness with blindness, and apparently Type I is the most common.

Genetic inheritance patterns: RP can be autosomal recessive, autosomal dominant, or x-linked. Apparently the dominant forms are often less severe. Usher's syndrome is an autosomal recessive inheritance (i.e. you must get a copy of the defective gene from your Mom and one from your Dad). Dominant means it is expressed even if you only have one copy of the problem gene. Autosomal means it is not carried on one of the chromosomes that determines sex. One webpage (http://www.emedicine.com/oph/topic704.htm)  said that Usher syndrome type II has been mapped to chromosome arm 1qe. For Neil this means that if it turns out that he does have Usher's syndrome, then both his Mom and Dad are carriers of this condition, which would mean that each of his siblings have a 25% chance of developing it, a 50% chance of being a carrier, and a 25% chance of passing it along to their child. 

Prognosis: At this point Neil knows he has RP, although he doesn't know for sure whether or not he has Usher's type II. (I think the only way to tell would be some sort of genetic testing, but the symptoms all indicate Ushers type II). However, the bad news is that he is experiencing progressive peripheral vision loss, and that it is very likely to continue to get worse, and no one knows how far or how rapidly it will progress. In some cases it can progress as far as legal blindness (20/200 vision), although a total inability to see anything is rare. One site () compared it to looking through a soda straw without corrective lenses. Apparently in these extreme situations a common complication is that your ability to blend two images into one falls apart, because there is no overlap between eyes. The good news is that Neil is relatively old for this. It is much more common to kick in during adolescence or even earlier. This may imply that the rate is likely to be fairly slow, although probably Neil has suffered from this for years and didn’t realize it. Again, we don't know what the future will be, only that I can anticipate some degree of progressive vision loss. It is also possible that I will be able to slow the rate by taking vitamin A, which Neil is doing. 

Treatment: There is no way to reverse either the hearing loss or the vision loss. There is apparently some evidence that taking vitamin A will slow the progression of Usher's Syndrome Type II vision loss and the loss in typical retinitis pigmentosa. The evidence is from a study published in 1993 that tracked adults with RP for six years (). It concluded that taking 15,000 international units of vitamin A palmitate daily slowed vision loss by about 20%. Note that the volunteers were adults with RP and Usher's Type II, so these findings cannot be extrapolated to children or individuals with other forms of Usher's Syndrome. Conversely, vitamin E doses of 400 IU or higher may increase the rate of progression. Another webpage (http://www.aoa.org/x1796.xml) suggests lutein might help. Wearing sunglasses outside is recommended.

Coping: This url (http://www.blindness.org/coping/resourceDetail.asp?res=1&id=5) is a good booklet about coping strategies. Generally strategies are things to help you avoid getting into trouble. Keeping the house picked up, avoiding driving, good lighting, remembering where you put things, and talking to the people around you about it are all important factors. Interestingly, making text larger etc. is often not a good strategy, because the focal area can become rather small. 

Pictures: http://www.aoa.org/Images/retinitis.jpg This is an attempt to show what the effects are like. It's really not a very accurate image, because it's not at all what you really see. You don't see the ring of black or anything like that. It's not black, it's just the absence of side vision. It's more like cropping a photograph.  A better concept is thus this attempt. Imagine this is normal vision. RP is like this. And again, this shows everything in black around it. For Neil it's not so much black as fuzzy. It's hard to feel because you instinctively want to look to the side, and then of course whatever you are looking at is in focus. A better way to imagine it is like holding a toilet paper core to your eye, and looking through it. If you want to see something you have to be constantly turning your head to focus on what you want to see. Another attempt to show what it's like is on this page (http://www.raatzfatz.de/auge/auge.htm scroll down).

If you interested in what the eye doctor sees when he looks in the eye, go to http://www.mrcophth.com/retinacases/rp.html or look at http://www.pathguy.com/lectures/retinitis_pigmentosa.jpg. In contrast, a normal retina is more like this: http://www.penneye.com/assets/images/normal_retina__retina_service_page.jpg. Look for fewer arterioles, clumps of bone spicules or pigments, and a pale optic nerve. 

Teaching the Case
The case begins with a clicker question about genetic diseases. There are many genetic diseases. Some are curable, many are not. Then some background information about Neli is given, and his visual fields are shown. I put up the slide asking students to describe Neil’s vision, and then click back to the previous slide which shows his visual fields. Students get into small groups (2 or 3) and develop a description of his vision. During these small group breakouts, I walk around the classroom, listening, redirecting if needed, and occasionally asking a leading question.

CQ2 asks them to summarize his vision. The correct answer is that he can see things only in his focal area, and has very limited peripheral vision. Neil has very limited peripheral vision. His left eye is better than his right eye. In his right eye he only has left some peripheral vision above his focal spot; in his left eye he has no peripheral vision to the left of his focal spot.

I then ask about peripheral vision generally. What is it for? In other words, what couldn’t Neil see that a person with normal vision could see? Peripheral vision provides contextual cues, shows movement of objects around the viewer, and is especially used in nighttime vision. 

Then, CQ3 asks students to apply these general concepts to Neil’s specific case. The correct answer is see stars. Movement is the next best answer: he is less able to see movement than a person with normal vision, but his limited peripheral vision does enable him to sense movement.

CQ4 determines if students understand the concept of a visual field. What does the big cutout on the left of his left eye represent? It is an area in which Neil can see nothing. This area is especially important because it covers an area outside the view of the right eye. Because he has no peripheral vision to the left, he is unable to sense anything moving at him from his left.

I then ask why dim lights are harder to see than bright lights. I ask this as another group work question: groups should be fairly quickly able to determine that dim lights require greater sensitivity. A good answer is that dim lights require greater sensitivity of the pigment. One implication is that eventually things like a computer screen will appear brighter in the middle and dimmer around the edges.

I ask about defects in the pigments. Retinitis pigmentosa is a syndrome caused by various genetic defects in the genes that code for the development of the pigments in the retina. Today we know of about 70 different genetic defects that can cause this. Why are there so many defects possible in these pigments? The answer is that I don’t know, but I suspect it is due to the very precise configuration of these pigments that is required; many defects are possible. This is a good question for a general class discussion.

If all of the pigments are slowly breaking down, why is his peripheral vision the first to go? No one knows why this is what happens. I include this question because I want students to see that we don’t have answers to all of our questions.

What do you think will eventually happen to his vision? Why? Pigment loss will continue to happen. Eventually his vision will be restricted to his focal spot, and he may become legally or completely blind.

At this point I shift to a set of genetic counseling questions. Students should be able to calculate basic probabilities from a simple Punnett square.

CQ5: What are the chances that one or more of his siblings also has the disease? If it’s recessive, than both parents must be carriers (heterozygous). 50% chance of getting it from each parent, 25% chance of getting two copies. If many students get this question wrong, it is worth digressing to build a Punnett Square and discuss how to calculate this answer.

Let’s assume that 1 out of 50 people is a carrier for Usher’s Syndrome Type II. If Neil’s brother Paul does not show RP, what are the chances that Paul’s son has it?

First, we need to calculate the probability that Paul is a carrier. There are four possible combinations of gametes from their parents: RP (Dad) and RP (Mom), RP (Dad and normal (Mom), normal (Dad) and RP (Mom), and normal(Dad) and normal (Mom). However, we know Paul doesn’t have RP so the first combination can be thrown out. Two of the other three combinations have one copy of the RP gene, so there is a 2/3 chance that Paul is a carrier.

Second, we need to know the probability that Paul’s wife is a carrier. We’re told this in the problem, 1/50.

Third, we need to know the probability that two carriers have a child with both genes RP. We calculated that in problem 8: 25%.

Therefore, the overall probability is 2/3 * 1/50 * 1/4.= 0.00333.

Note this is for one son! If we rewrite the question as probability that Paul has a son with RP, then we need to multiply by the number of sons!

The case ends with a question about the underlying causes of a genetic disease, a quick review, and a followup rest-of-the-story.

Clicker Questions Key
- 1D, 2B, 3A, 4D, 5B, 6A

Optional Followup 1
Writing Assignment or Class Work:

There is no way to reverse either the hearing loss or the vision loss. There is apparently some evidence that taking vitamin A will slow the progression of Usher's Syndrome Type II vision loss and the loss in typical retinitis pigmentosa. The evidence is from a study published in 1993 that tracked adults with RP for six years. It concluded that taking 15,000 international units of vitamin A palmitate daily slowed vision loss by about 20%. Note that the volunteers were adults with RP and Usher's Type II, so these findings cannot be extrapolated to children or individuals with other forms of Usher's Syndrome. Conversely, vitamin E doses of 400 IU or higher may increase the rate of progression. 

If the normal rate of loss is to lose about 5% of your remaining vision each year, and if the study above is right that vitamin A slows that rate 20%, compare someone with 50% vision loss taking vitamin A to someone with 50% vision loss who does not take vitamin 


1: How many years would it take for them to lose 90% of their vision?


2: Why don’t scientists know for sure whether vitamin A helps or not?

Optional Followup 2
Writing Assignment:

Fourteen months after Dr. Tim first diagnosed Neil with RP, he ran a set of specialized tests that measure the ability of different parts of the eye to see. The figures below show the results, compared to fourteen months ago. The image shows the visual acuity of the eye, and the numbers to the right of the image show how well Neil can see in each portion of his eye. Thus, the number 11 in the top line below means that in the top left of his eye he could see at an intensity of 11 fourteen months ago. Dr. Tim was excited, because the numbers could be compared directly to determine how rapidly Neil’s eyes were deteriorating.



Left Eye





Right Eye


Over the past fourteen months, how much has Neil’s left eye gotten worse? His right eye? Hint: there are two ways you could do this. You could calculate the percent of numbers greater than zero (a measure of the overall proportion of the visual field he can see). You could also measure the percent decrease in the ones in which he can still see (a measure of the quality of vision in the area he can see).

After seeing the results of these tests, Neil stopped driving, gave his truck to his brother, and cancelled his car insurance. Was this a good idea? What else should he do?

Optional Followup 3
Another possibility is to explore more of the personal side of disease. Here’s a statement Neil wrote: 

First of all, my visual fields have progressively gotten worse, and are now at the point where they are significantly affecting my lifestyle. In 1975 my visual fields were normal, in 1983 they were somewhat irregular, and by the mid to late 1990s I wasn't seeing stars very well. Today I just don't see things outside my focal vision much. I usually don't notice it; it's not like I'm in constant pain or anything like that, and I'm still really cute. Most of the time I can ignore these visual field defects; I see what I am looking at quite well. Between my two eyes I do have "some" peripheral vision. Again, it's not so much that I am staring through a black ring; it's more that I am just not aware of anything outside my focal area. So as I look at my computer now, I simply don't see my hands as I type. 

Second, my lifestyle has been somewhat constrained. I'm still playing basketball, but sometimes I don't see a pass, and my fellow players have learned that setting a pick on me is likely to mean that I smash into the settee because I don't see it coming. When I tried to play catch with my daughter last week I kept flinching because I couldn’t keep track of the ball after she threw it. I've noticed that, for example, I stumble into wastebaskets in my classroom so often that my students don't even jump any more when I, um, kick the bucket. If I drop a pill on the floor my daughters usually have to find it for me. I also find transitioning from bright to dim lights (or the reverse) difficult. Conversely, the glare from sunlight can make it hard to see or read. And of course it's been at least ten years since I've seen stars, which makes it rather easy to find Venus.

Third, I have adapted by learning to move my head and my focal point more. Driving in particular is something I have modified quite a bit. Whenever my wife and I go anywhere she drives. I rarely drive outside my town. I try to avoid what I consider to be risky things, like driving in lots of traffic, or passing someone. If I encounter something complicated, such as for example the construction barrels they have set up just north of town for the past few weeks, I slow down. I do little night-time driving. I’ve hit two deer without even seeing them. Finally, when a lightpole was running all over the parking lot, I drove into it.

Why doesn’t Neil see stars? Do you really think it’s as easy as he makes it sound? What do you think his wife would say?

18 months later, Neil is legally blind, with about an 8-10 degree field of vision. He no longer drives, has given up playing basketball, and is still frustrated by his inability to see stars. What do you think it is like living with a largely invisible disease? You can’t tell Neil has eye problems unless you watch him for a while. What would it be like if you couldn’t see stars?
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