Biology 212: Cell Biology                                                                                                                                
       Take-home quiz #2


1.  The title of this article (Dang & Semenza, Trends Biochem. Sci. 24: 68-72, 1999) is "Oncogenic alterations of metabolism."  What is an oncogene?  Of the proteins listed in the leftmost column of Table 1, which are coded for by oncogenes?  [2-3 sentences; 5 points]

An oncogene is a gene whose protein product leads to a loss of control of cell growth and division.  MYC, RAS, and v-SRC are normal products of proto-oncogenes and/or oncogenes (depending on whether or not the proto-oncogene has mutated).  HIF-1 is not considered an oncogene because it has little to do with the control of growth and because it is a normal component of the cellular response to hypoxia (regardless of whether the cells are cancerous or not).

2.  One threat to the survival of tumor cells is hypoxia.  In Figure 1, there is an arrow from hypoxia to HIF-1 and arrows from HIF-1 to "angiogenesis" and to "metabolic adaptation."  What is meant here by the terms angiogenesis and metabolic adaptation (be as specific as possible)?  How do these two processes help the tumor cope with hypoxia?  [3-5 sentences; 7 points]

Angiogenesis is the formation of new blood vessels, which "sprout" out from existing vessels.  Metabolic adaptation here refers mostly to an increased dependence on glycolysis as a means of generating ATP.  Angiogenesis is an adaptive response to hypoxia because new blood vessels will then deliver more oxygen to cells that aren't currently getting enough.  An increase in glycolysis is helpful because it allows cells to produce ATP without using oxygen (which is not abundant, in this case).

3.  Tumors can be roughly spherical in shape.  According to Figure 1 (and related sections of the text), is the rate of glycolysis highest at the outer edge of the tumor, in the center, or somewhere in between?  Briefly explain your reasoning.  [3-5 sentences; 6 points]

The figure shows that lactate concentrations are highest just outside the core of dead cells, indicating that this is where production of lactate by glycolysis is at its highest.  According to the figure, this is also where oxygen levels are lowest, meaning that these cells must supply most of their ATP by glycolysis.

4.  Explain, at a molecular level, how HIF-1 might cause angiogenesis and metabolic adaptation.  Use 60 words or less.  [7 points]

HIF-1 is a transcription factor that increases the expression of genes encoding vascular endothelial growth factor (VEGF) and the glycolytic enzymes.  VEGF, in turn stimulates angiogenesis, while the increased concentrations of glycolytic enzymes increase the cell's rate of glycolysis.

5.  In your own words, explain what the Warburg effect is.  What recent experimental evidence supports the existence of the Warburg effect?  [2-4 sentences; 5 points]

The Warburg effect is the observation that many tumors exhibit higher-than-normal rates of glycolysis under aerobic conditions.  Recent evidence for the Warburg effect includes the fact that glucose uptake is much greater in tumor cells than in normal cells, according to magnetic resonance and PET studies.  Increased expression of the glucose transporter GLUT1 and increased hexokinase activity appear to underlie the acceleration of glycolysis in tumor cells.

6.  According to Dang & Semenza, both p53 and MYC have been linked to changes in glycolysis in tumor cells.  In your view, which is stronger: the evidence implicating p53 in this, or the evidence implicating MYC?  Please cite specific evidence mentioned in the article.  [4-5 sentences; 7 points]

You could argue this either way; personally, I thought the evidence for MYC was stronger.  Rodent fibroblasts that are transformed (made cancerous) by the MYC gene overproduce lactate, according to reference #23 -- thus suggesting an increased rate of glycolysis -- and this has been linked to overexpression of LDH.  p53 may stimulate the transcription of type II hexokinase, but this apparently has been demonstrated only for a mutant form of p53 (reference #16).

7.  The legend to Figure 2a notes, "Tumor cells rely on the less efficient glycolytic pathway to produce ATP."  What is the more efficient alternative to which glycolysis is being compared, and what does it mean (in this context) to be "less efficient"?  [2-3 sentences; 6 points]

The "more efficient alternative" is the complete oxidation of substrates via the Krebs cycle, thus producing NADH and FADH2 for the electron transport chain, which in turn leads to ATP synthesis by the F1F0 ATP synthase.  In this context, efficiency refers to the number of ATP produced per glucose consumed, with glycolysis considered less efficient because it produces only 2 ATP for each molecule of glucose used.

8.  The article mentions that tumor cells can also use glutamine as an energy source, yet glutamine is not pictured in Figure 2a. How can glutamine be used to provide ATP?  Be as specific as possible.  Hint: recall that glutamine is an amino acid.  [3-5 sentences; 6 points]

As shown in Fig. 5.8 from your text, glutamine can be converted to glutamate, which can then be converted to alpha-ketoglutarate, an intermediate of the Krebs cycle.  Alpha-ketoglutarate can then proceed through the remainder of the Krebs cycle, producing NADH and FADH2.  If sufficient oxygen is present, the NADH and FADH2 can donate their electron pairs to the electron transport chain, ultimately fueling ATP production by the F1F0 ATP synthase.  If oxygen is limited, some GTP (essentially equivalent to ATP) can still be generated by the Krebs cycle step in which succinyl CoA is converted to succinate.  Note that making the glutamine into glucose and then breaking down the glucose is not a good way to generate ATP, since synthesizing glucose actually consumes ATP.

9.  As we discussed in lab, review articles are compilations of lots of data from the primary literature.  The first sentence of the last paragraph of page 71 states that, according to reference #36 (Maxwell et al., 1997), "HIF-1 modulates gene expression in tumors and induces both angiogeneis and tumor growth."  Let's pretend that you're fascinated by this claim and want to know more about it.  Go to www.pubmed.gov and do a search for the Maxwell article.  (Consult the previous take-home quiz if you don't remember how to do this.)  Go to the abstract and then click through to the full article (available free of charge from www.pnas.org).  Name a figure in the article that provides data supporting the statement that HIF-1 modulates gene expression in tumors and briefly explain how the figure supports this statement.  [4-5 sentences; 9 points]

One straightforward answer would entail discussing Figures 1 and/or 2 of the Maxwell et al. article.  The first paragraph of the Results section nicely summarizes the researchers' strategy.  In brief, they compared gene expression in "wild-type" (wt) mouse hepatoma (Hepa-1) cells, which have HIF-1, and c4 Hepa-1 cells, which don't make HIF-1.  As shown in Figs. 1 and 2, they found that expression of GLUT3 and VEGF was much higher in wt cells than in c4 cells (as indicated by mRNA levels).  Since the absence of HIF-1 apparently altered the expression of GLUT3 and VEGF, we can say that HIF-1 does in fact modulate gene expression in hepatoma tumors.

10.  The "Tumor microenvironment and apoptosis" section of the Dang & Semenza article does not include any illustrative figures.  It's up to you to fix that!  Design a figure that, in your view, illustrates an important point of this section of the article.  It can be simple and hand-drawn -- don't spend lots of time coloring, etc. -- but should help the reader understand some difficult-to-grasp concept or pathway discussed in the text.  Include a legend below your figure.  [12 points]

Answers will vary here.  I will be looking for evidence that you have read and understood the section on apoptosis and that your figure effectively conveys some aspect of that section.
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