Robots vs Disease: Modeling Biomedical Research in your Classroom
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Materials needed: 

· Slides to describe the project (Available as Powerpoint, Keynote, or PDF presentation, labeled “Trying to figure out cancer metastasis”)

· [image: image1.png]shmoo



5-10 “cells” per student: each cell is a small paper square with 4 paper tabs on the side that can be torn off. The cells and tabs need to be cut from the sheets of cells printed out, like this:

· Small piece of cardboard (at least the size of a playing card)

· Scissors to cut the cardboard

· One cup marked “YES” and another marked “NO”, to sort cells into. 

· One 12-well plates or two 6-well plates to put the cells into at the beginning of the activity (optional)

· 96-, 384-, or 1536-well plate to show students (optional)

Summary:

Robots at Harvard and MIT prepare samples of cells and take tens of thousands of fluorescence microscope pictures of each sample daily. It is a needle-in-a-haystack problem to find images that show cells displaying rare and unusual characteristics, but finding them is  critically important for understanding disease. This activity teaches students about a new technology used to identify genes involved in human disease. The activity uses a specific example of how to discover genes that promote metastasis, which is the process of cancer cells spreading throughout the body from the site of the original tumor.  This activity teaches students how new software works that "looks" at images and learns from the biologist what types of cells to look for.  This hands-on activity models how the computer learns to recognize cells of interest, and stars the students as “the computer."

Background Information:

Cancer researchers are very interested in how tumors metastasize, or spread from the original site of the tumor to elsewhere in the body.  One way of studying how tumors metastasize is to discover genes whose functions can promote the metastasis of tumors.  One method of how to discover these genes is to begin by studying a gene that is known to promote metastasis and examining its effects on the appearance of human cells growing in culture dishes. Once it is observed what those cells look like, the search is on to find other genes that cause cells to take on a similar appearance.  One example of a gene that promotes metastasis is a gene called Goosecoid.  Once the researcher can reliably recognize the effects this gene has on cells growing in culture dishes, the researcher can create a collection of cell populations, each of which are expressing high levels of one of the 20,000 genes in the human genome.  The researcher can then use a robotic microscope to take pictures of the effects of high activity of each gene on each cell population.  The microscope images of each cell population can then be analyzed by software that learns to recognize the characteristics of metastatic cells based on the positive control results from Goosecoid.  The researcher trains the computer to recognize the effects that Goosecoid has on cells, and then the computer searches the images of the 19.999 other cell populations looking for cells that share those characteristics.  This activity models how the software functions using the example of discovering genes that promote metastasis.

Outline of the activity:

1. Introduction: the students would benefit from a basic introduction to automation (Slides 4-9), the image analysis case study on tuberculosis (Slides 11-20), a demo of image analysis software (Slides 21-27), and/or a description of machine learning (Slides 30-36).

2.  Show Slide 38: This slide shows Kimberly (left), a scientist who studies cancer.  Kimberly worked for 5 years in the lab to discover that a gene named Goosecoid promotes metastasis.  Question:  What is metastasis and why is it important?   Metastasis is the process of cancer cells spreading.  If cancer cells stay as a localized tumor, it’s usually not very serious unless it’s in your brain or some other vital organ. But when the cells gain an ability to metastasize - to grow and invade - that is usually what results in the devastating effects of cancer. 

If we want to understand how cells gain this ability to start crawling throughout the body and spreading, we had better figure out which genes produce that behavior. So Kimberly figured out one gene, Goosecoid, that promotes metastasis, but it took five years. Question:  How many genes are in the human genome?  There are 20,000 genes in the human genome, so if we wanted to test all of the genes in the genome it would take a lot of years! Kimberly spent her entire Ph.D. studies on this one gene, so we would need a lot more graduate students to get through the whole genome! So, Anne (right) decided to help Kimberly on the project using software she wrote.

3.  Show Slide 39: We can test the effects of each of these 20,000 genes in cells using robots to prepare the samples. (Play liquid handling robot movie, called “LiquidHandler.m4v” in the 2008_03_31_MuseumScience.ppt_media folder and also embedded in Slide 8). It turns out that cells growing in a dish look different if they are normal or if they are metastasizing.  Later in the activity you will determine how cells look different when they are metastasizing, so I’m not going to show you what they look like when they metastasize at this point.

We aren’t going to test all 20,000 genes in class today but we will test 12 (show them the 12-well plate, or two 6-well plates, with 12 groups of cells inside, one in each well).  Explain that each well contains a cell population that expresses high levels of each human gene.  In actuality it would take 20,000 wells to investigate every gene in the human genome, but in this example we will just investigate 12 genes.  Each well contains a population of cells that has a different human gene activated in those cells. One of the wells contains Goosecoid so that we will have a positive control – that is, a sample where we KNOW it should look like metastasis.  In this example, cells have been prepared, and visualized by a robotic microscope that has taken these pictures of the cells.  You are going to figure out if any of the genes causes the cells to look similar to the Goosecoid cells. This will tell us which of the genes cause metastasis!

You are all going to do the job of the image analysis software the old fashioned way. The software identifies the nucleus and the cell edges and then makes 500 measurements of each cell. You are not going to take 500 measurements of each cell -- we’d be here all day! Let’s keep it simple and measure only 4 features of each cell. You are going to score the test samples and I will score the positive control, Goosecoid. 

4.  Pass out cells:  Each image is of a single cell and it is labeled with the name of the gene that has been activated in that cell.  We are going to scramble all the cells up, and pass out 5-10 cells per student.  In these cell pictures, the DNA is blue and the cell membrane is red. Note: The teacher should keep the Goosecoid cells, which are the positive controls labeled “Gsc”.

5.  Instruct the students to analyze the cells based on four characteristics: 

--  Tear off feature 1 on each cell if the nuclei are crescent-moon shaped, or even kidney-bean shaped. The nucleus contains the DNA of the cell, and here it is labeled blue. Most of the cells have a nucleus that is fairly round or elliptical; here we are looking for crescent/kidney shaped nuclei. (KEEP this tab intact for Goosecoid cells because their nuclei are pretty round)

-- Tear off feature 2 if the cell is pointy or has arms, even if you can’t see the ends of the arms/points. Most of the cells have pretty smooth edges; here we are looking for cells that have arms reaching out, as seen by the red-labeled cell edges. (REMOVE this tab for Goosecoid cells because they have pointy arms)

-- Tear off feature 3 if the cell is large, that is, the red and blue parts together take up more than half the picture. (REMOVE this tab for Goosecoid cells because they are large)

-- Tear off feature 4 if the cell has a shmoo-shaped nucleus. Shmoo-shaped looks like this:
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Also tear off feature 4 if the cell has an indented nucleus:
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(KEEP this tab intact for Goosecoid cells because their nuclei are pretty round)

This is what the positive control cells should look like when they are scored:
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6.  Sort the cells:  We have now measured ~200 cells in the experiment, for each of the 11 test genes plus Goosecoid. I will now take the Goosecoid sample that I’ve scored up here (in the same way you scored yours) and train my computer to recognize the metastatic cells. This is what we call “machine learning”. My computer is this piece of cardboard, and I am going to cut it out so that it matches up like a puzzle piece to the pattern of the Goosecoid cells; so that the Goosecoid cells fit freely through the cardboard. I am basically showing the computer what the cells look like. Question:  Is the computer really “looking” at the pictures of the cells? No, it is looking at the measurements themselves. (Show Slide 40, which shows what metastatic cells look like).  Cut the cardboard like this:
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The computer can now recognize metastatic cells by looking at these measurements. Now everyone bring your cells one by one and run it through the computer. If it goes through smoothly, it matches and goes in the YES cup, and if not it goes into the NO cup. 

7.  Analyze the sorted data:  Gather the students around and dump out the YES pile and have them sort the cells into which ones came from which gene sample. Do the same for the NO pile. Questions:  What percentage of the cells from each sample looked like my Goosecoid cells? Which genes cause metastasis?  Did ALL of the Snail cells turn metastatic? Did some of the genes show a partial effect? Are all the cells the same that had the same gene activated? No -- any population of cells that you treat is not going to turn out EXACTLY the same; there is always some variability.

8.  Conclusions:  Question:  What were the problems with scoring by eye?
- boring

- tedious

- subjective

- would take forever

If we were going to test all 20,000 genes, we would need to find some robots to prepare all the cell samples. (Show them a 384-well plate if available). And we would use the software to do exactly the task YOU just did, so that scientists don’t have to sort cells by eye all day long! Instead, the software automatically finds each cell and makes 500 measurements of each cell (that’s the step where you marked the tabs). This process takes a long time; scientists need about 50 computers working on it all night to generate the measurements. Once the computer has been “trained” to recognize cells that show the appearance we are looking for, it can score all 18 million cells in the screen in about 2 minutes and tell you which samples look like the cells you picked out as positive controls.  In this way, scientists can discover new genes that promote metastasis.







