Finding out about cancer.  2/3/03.

Time to imagine you’re a cancer researcher.  It’s the late sixties and you’re wearing bell-bottom pants.  But that’s not important right now…

1. The first experiment you do is to dissect cells from a tumor on a lab mouse’s back.  When you successfully tweeze out a single tumor cell, you transplant it to a healthy mouse.  Within a few weeks the second mouse grows a tumor.  As a control, you take a non-tumor cell from the first mouse’s toe and transplant it to a healthy mouse.  This time the second mouse stays healthy.

a. What do you conclude about the genetic basis of cancer?  (Remember that essentially every cell in your body contains a copy of your entire genome.)

Apparently the genes you’re born with don’t cause cancer, because every cell in your body contains a copy of the DNA you inherited as a zygote; yet in the transplant one cell confers cancer and one doesn’t.

b. Brainstorm about some ways the cancer could be conferred by the transplant.  What process and what biological molecules might be involved?

One model is that there’s a molecule communicated from the transplanted cell which “infects” all the others in the area, rendering them cancerous.  Another hypothesis is that the initial transplant proliferates on its own (i.e. forms the tumor) and the surrounding healthy cells have nothing to do with the process.

c. You’ve heard about radiation or chemicals that promote mutations in DNA which ultimately cause cancer.  How can this be consistent with your hypothesis in (a)?

The transplanted tumor cell could have a mutation which the toe cell doesn’t have.  (Imagine that the first mouse was exposed to radiation in a small area on its back.)  This could explain why the former causes cancer and the latter doesn’t.

2. Now you’re itching to try out the latest cell biology craze:  cell fusion.  Under the right lab conditions, two regular cells can be induced to fuse their membranes and become one big cell.  You perform this magic on a tumor cell and a toe cell from the same animal, fusing them into one.  Transplanting this hybrid to a healthy mouse produces NO TUMOR.  A similar fusion between two tumor cells, when transplanted, does produce a tumor; a fusion between two toe cells, when transplanted, does not.

What are some explanations for this result?  Why doesn’t the hybrid fusion produce tumors while the tumor fusion does?  Brainstorm about some biological molecules that might be involved.

There’s a molecule in the toe cell which cancels out the tumorigenic effect.

Beyond the basics.  2/3/03.

3. Why is it harder for the immune system to fight off cancer than to fight an infection?  Likewise, why is it difficult to design drugs that kill cancer cells?

Cancer cells look a lot like normal cells because they are a part of your own body gone subtly wrong.  Cells infected with a virus, or bacteria cells, have foreign molecules in them which the body and/or drugs can recognize and target for destruction.  But cancer cells don’t have anything so easily recognizable.

4. If you were in charge of curing cancer, what parts of the cancer progression cycle might you try to knock out (or stimulate) with a specific drug molecule?  Give at least two different targets.  For each, tell why the drug targeting your process would kill cancer cells preferentially over normal cells—otherwise it’s not a drug, it’s a poison!

You could target rapid division and angiogenesis (blood vessel development), which happen more quickly in tumors than in healthy tissue.  If you know something at the molecular level, you might be able to target the specific hybrid (disjoined) chromosome or mutated protein present in the cancer but not healthy cells; this would have no side effects at all.

5. Why is cancer fatal?  Give at least two reasons.

It destroys the organ in which it’s growing; it demands nutrients and so can starve you to death; in the case of leukemias, it can debilitate your immune system and promote deadly infection.

6. We’ve seen that modern-day cells have evolved dozens of different biochemical pathways guarding against growth out of control, DNA damage, and chromosome breaks.  What does this tell you about the rate of cancer-like problems in prehistoric biology?

These mechanisms must have evolved to solve cancer-like problems in early life forms, so apparently growth regulation has always been a problem.

7. Certain cancer types appear to metastasize preferentially to some tissues over others.  For example, colorectal cancer often metastasizes to liver.  What might explain this kind of preference?  Think of at least two hypotheses.

Cancer cells might metastasize to whatever organ is nearby.  But patterns of metastasis may also be dictated by blood flow:  organs which receive more blood flow, or organs fed by wider vessels, may be better targets for metastatic cells to lodge in.  Also, metastatic cells must be able to “settle” in their new habitat—they need certain combinations of growth factors and extracellular matrix proteins which not every tissue may provide.

8. Why is cancer usually a disease of middle age?  Why, in Refuge, does the disease manifest years after the women’s radiation exposure?

It can take years for multiple mutations in the “right” genes to accumulate.

