Test Bank: Chapter Fifteen

Regulation of Cell Number: Normal and Cancer Cells

Chapter 15: Regulation of Cell Number: Normal and Cancer Cells

Multiple-Choice Questions


1.
Endocrine and paracrine signaling share which of the following properties? 

A)
Secretion into the bloodstream 

B)
Action upon neighboring cells 

*
C)
Activation of receptors on the cell surface or within target cells 

D)
Secretion from endocrine glands 

E)
Action upon cancer cells exclusively 

2.
You are studying the cell cycle in the budding yeast, Saccharomyces cerevisiae. When it is grown at restrictive temperatures, a temperature-sensitive mutation in a gene that encodes an enzyme required for DNA replication causes cells to arrest with very small buds. This phenotype suggests that 

A)
there is a checkpoint that prevents cells in S phase from progressing into mitosis until chromosome replication occurs. 

*
B)
the normal activities of DNA replication genes are an essential part of the cell cycle. 

C)
there must be a defect in microtubule assembly in the spindle apparatus. 

D)
DNA synthesis is dispensable for cell growth. 

E)
there is a checkpoint that prevents cells at metaphase from entering anaphase. 

3.
Cyclins act to control the progression of the cell cycle by 

A)
phosphorylating E2F. 

B)
interacting with microtubule proteins in building the spindle apparatus. 

*
C)
complexing with and activating cyclin-dependent kinases. 

D)
dephosphorylating Rb protein. 

E)
None of the above 

4.
Cancer is a disease that develops in stages. Which of the following applies? 

A)
Younger people get cancer more than older people. 

B)
Non-malignant tumors become malignant. 

C)
Proto-oncogenes become tumor-suppressor genes. 

*
D)
Small numbers of individual mutational events occur, separated by long periods of time. 


E)
None of the above 

5.
Which of the following is not a general characteristic of a tumor suppressor gene? 

A)
Tumor tissue can display a loss of heterozygosity of DNA in the vicinity of the gene. 

B)
Mutant versions of tumor-suppressor genes can segregate in families with an apparent autosomal dominant pattern of inheritance. 

C)
Tumor-suppressor genes typically display loss-of-function mutations. 

D)
Tumor-suppressor genes are typically recessively acting cancer genes. 

*
E)
Cells can become spontaneously transformed when transfected with a mutant version of a tumor-suppressor gene. 


6.
Which of the following is not a general characteristic of an oncogene? 

A)
Single amino acid substitutions have been associated with oncogenic activation. 

B)
Oncogenes typically display gain-of-function mutations. 

C)
Many oncogenes have been isolated from transforming retroviruses. 

*
D)
The genomic location of an oncogene is implicated by a loss of heterozygosity. 


E)
Wild-type versions of oncogenes promote cell-cycle progression or inhibit apoptosis. 

7.
Which class of proteins is not generally specified by an oncogene? 

*
A)
Ion channels 

B)
Growth factors 

C)
Transcription factors 

D)
Growth factor receptors 

E)
Signal transduction proteins 

8.
Which of the following mutations is frequently seen in many different types of cancer? 

A)
Chromosomal translocation involving a transcriptional enhancer and bcl2 gene 

B)
Chromosomal translocation of the bcr and abl genes (the Philadelphia chromosome) 

*
C)
Missense mutations of the p53 gene 

D)
Missense mutations of the breast cancer BRCA1 gene 

E)
Amplification and overexpression of the BRCA1 gene 
True-False Questions

Circle T for True, or F for False, for each statement that follows. 

1.
Many signal transduction cascades involve the cyclical activity of a GDP/GTP-binding protein such as that encoded by the ras proto-oncogene. Which of the following mutations in ras would completely block ras-mediated signal transduction?


T   F  (a)
A mutation that prevents Ras protein from binding GTP


T   F  (b)
A mutation that blocks the hydrolysis of GTP to GDP by Ras protein


T   F  (c)
A mutation that blocks interaction of ras with its downstream serine/threonine 




kinase


T   F  (d)
A nonsense mutation in the fifth codon downstream of the translation initiation 




codon 
Answer: (a) True; (b) False; (c) True; (d) True

2.
Which of the following processes can lead to dominant oncogene mutations?


T   F  (a)
A mutation that completely deletes the DNA sequences of the proto-oncogene


T   F  (b)
A mutation that creates a constitutive enzyme activity


T   F  (c)
A mutation that leads to the overexpression of a normal protein


T   F  (d)
A mutation that produces a fusion of a transcription unit of the proto-oncogene 




to enhancer elements of another gene 
Answer: (a) False; (b) True; (c) True; (d) True

3.
The normal activity of the Rb protein is to


T   F  (a)
induce cyclin-CDK complex formation.


T   F  (b)
inhibit p53 activity.


T   F  (c)
suppress transcription of the transcription factor E2F.


T   F  (d)
complex with E2F, except when Rb is inactivated through its phosphorylation.


T   F  (e)
negatively regulate progression from G1 to S of the cell cycle. 
Answer: (a) False; (b) False; (c) False; (d) True; (e) True

4.
How do executioner caspases bring about apoptosis?


T   F  (a)
They enzymatically cut a “sequestering” protein that complexes with a DNA 




endonuclease, leading to DNA damage.


T   F  (b)
They enzymatically cut a protein that cleaves actin, leading to loss of normal 




cell shape.


T   F  (c)
They phosphorylate the target protein Rb of the Cdk2-cyclin A complex, 




allowing the S phase to proceed.


T   F  (d)
They activate transcription of cyclins preventing progression through the cell 




cycle. 
Answer: (a) True; (b) True; (c) False; (d) False

5.
Signals that control apoptosis include


T   F  (a) cellular damage that triggers leakage of mitochondria.


T   F  (b) action of Bcl proteins that block release of cytochrome c.


T   F  (c) activation through binding of cytochrome c to Apaf.


T   F  (d) secreted survival factors.
Answer: (a) True; (b) True; (c) True; (d) True

6.
Which of the following observations support the idea that cancers arise through an accumulation of multiple mutations promoting cell proliferation in a single cell?


T   F  (a)
A specific translocation between chromosomes 9 and 22 (the Philadelphia 




chromosome) is seen in almost all patients with chronic myelogenous 




leukemia.


T   F  (b)
Within a single tumor, several regions of the genome display chromosomal 




anomalies.


T   F  (c)
In a tumor in a female patient, all of the tumor cells have the same X 




chromosome inactivated.


T   F  (d)
Some tumor-suppressor genes cause defects in enzymes required for proper 




repair of damaged DNA.


T   F  (e)
While retinoblastoma is inherited as a dominant, on a cellular basis it is 




recessive. 
Answer: (a) False; (b) True; (c) False; (d) True; (e) True

7.
Many tumor cells are able to proliferate uncontrollably in cell culture. Transformation of wild-type alleles of tumor-suppressor genes mutated in such cells  can cause the cultured cells to have a reduced proliferative ability. For oncogene mutations, however, the addition of wild-type alleles does not have any effect on proliferation. Which of the following statements explain these observations?


T   F  (a)
Tumor-suppressor genes can regulate DNA repair.


T   F  (b)
Many proto-oncogenes encode elements of signal transduction pathways.


T   F  (c)
Oncogene mutations are gain-of-function dominant mutations.


T   F  (d)
Tumor-suppressor mutations only promote proliferation when the cell is 




homozygous for a knockout of these loss-of-function mutations. 
Answer: (a) False; (b) False; (c) True; (d) True

8.
One or more characteristic gene fusions between an immunoglobulin gene cluster and a proto-oncogene are frequently detected in leukemias and lymphomas of B lymphocytes. In many of these gene fusions, the transcription unit of the proto-oncogene remains intact. In such cases, the oncogenic mutation is due to



T   F  (a)
lack of transcription of the proto-oncogene in the B lymphocytes.


T   F  (b)
misregulation of the proto-oncogene transcription unit by the immunoglobulin 




gene-enhancer element.


T   F  (c)
misexpression of the proto-oncogene in B lymphocytes.


T   F  (d)
rearrangement of the proto-oncogene as part of immunoglobulin gene 




rearrangement. 
Answer: (a) False; (b) True; (c) True; (d) False
Open-Ended Questions


1.
To understand signal transduction pathways in Drosophila, the genetic analysis of genotypes simultaneously carrying mutations in two genes is extremely helpful in elucidating biochemical or cellular pathways of gene action. The following mutant strains involve a receptor tyrosine kinase (RTK) pathway necessary for development of the photoreceptor cells (cell R7) in the Drosophila eye.


Mutant 1 has a nonsense mutation in the gene encoding the secreted ligand for the RTK. Homozygotes for this mutation completely lack R7 cells.


Mutant 2 has a constitutively active mutation in the gene encoding the RTK itself. Heterozygotes or homozygotes for this mutation make extra R7 cells.


Mutant 3 has a mutation in the gene encoding the Ras protein for this RTK pathway that causes the Ras protein not to hydrolyze GTP to GDP.


(a) What would be the phenotype of the double mutant (1 and 2) homozygote?


(b) What R7 phenotype would be expected for mutant 3 homozygotes? 
Answer: 


(a) The (1) (2) double homozygote should have extra R7 cells because the activity of the RTK mutation should be constitutive and should be independent of the presence of the secreted ligand.


(b) Extra R7 cells. This type of mutation should produce a constitutively signaling Ras protein. Because the constitutive phenotype for the RTK is the production of extra R7 cells, the same should be true for the ras mutation. 

2.
The wild-type Rb protein functions to sequester the transcription factor E2F in the cytoplasm. At the appropriate time in the cell cycle (G1), a cyclin-dependent protein kinase/cyclin complex phosphorylates Rb, which then releases E2F so that it can act as a functional transcription factor for genes involved in the S phase of the cell cycle.


(a) In cells of the retina homozygous for a loss-of-function RB mutation, will E2F be sequestered in the cytoplasm or nucleus? Why?


(b) Why do such loss-of-function RB mutations contribute to tumor growth?


(c) If a cell were doubly homozygous for loss-of-function mutations in the RB and E2F genes, would these mutations promote tumor growth? Why or why not?


(d) What would be the effect on the cell cycle of a mutation in the RB gene such that Rb protein irreversibly binds E2F even when Rb is phosphorylated? 
Answer: 


(a) Nucleus. Rb's wild-type function is to sequester E2F in the cytoplasm. In the absence of Rb, E2F is free to be transported into the nucleus.


(b) E2F acts to transcribe genes encoding enzymes involved in DNA synthesis. This allows the G1 to S transition to occur, thereby contributing to unregulated cell proliferation.


(c) These doubly mutant cells would not promote tumor growth. Because there is no active E2F protein, there would be no G1 to S transition and therefore cell proliferation would not be promoted.


(d) A mutation of Rb that irreversibly binds E2F would constitutively sequester E2F in the cytoplasm and therefore would block progression of the cell cycle. 

3. In patients with a particular type of leukemia, their leukemic B lymphocytes display a 

translocation between one of the immunoglobulin genes and a gene encoding a cytoplasmic protein kinase.


(a) Suggest a basis for the tumorigenic activity of this translocation.


(b) In one patient some of the cells containing the translocation have lost their capacity for rapid proliferation. Suggest a type of mutation in the cytoplasmic protein kinase that might have led to this loss of proliferative ability. 
Answer: 


(a) One likely possibility is that the protein kinase transcription unit has been fused to the enhancer elements of the immunoglobulin gene such that the protein kinase is now misexpressed in B lymphocytes.


(b) Any loss-of-function mutation that inactivates the protein kinase gene on the translocated chromosome would have the effect of nullifying the misexpression of the protein kinase in B lymphocytes. 

4.
Retroviruses that carry viral oncogenes, such as v-erbB or v-ras, and retroviruses, such as MMTV, represent two different themes of how oncogenic mutations are introduced into the genome. Describe how these two kinds of retroviruses contribute to tumor production. 


Answer: All of these viruses contribute dominant oncogenic mutations to the genome. In addition, as part of the process of infection, these retroviruses reverse-transcribe DNA copies of their RNA genomes and insert these DNA copies at random sites. However, 

v-erbB and v-ras contribute to tumorigenesis through the production of altered proteins, whereas MMTV causes the expression of a structurally normal protein in a tissue in which it is not normally expressed. Viral oncogenes such as v-erbB or v-ras specify altered polypeptide sequences relative to their wild-type progenitors (proto-oncogenes). The altered proteins allow signal transduction pathways that promote growth to be activated in an unregulated fashion. For example, v-ras protein fails to hydrolyze GTP to GDP and thereby remains bound to GTP. In this state, it continuously activates its downstream serine/threonine kinase. In contrast, the wild-type ras proto-oncogene only binds GTP transiently and in response to stimulation by the Sos protein, which in turn is activated by growth-factor binding to a receptor tyrosine kinase. In a similar vein, v-erbB encodes a mutated form of the EGF receptor in which signaling is constitutive and is independent of binding to the EGF ligand.

5.
The genome of a newly isolated retrovirus includes the gene C. Whenever this retrovirus infects a normal cell, the cell converts to a cancer cell.


(a) When gene C is deleted from the retrovirus, the retrovirus loses its ability to consistently convert a normal cell to a cancer cell. Give a possible explanation.


(b) On rare occasions, however, the retrovirus lacking the C gene will convert a normal cell to a cancer cell. Give two possible explanations. 
Answer: 


(a) Gene C codes for an oncogene.


(b)
(1) The retrovirus inserts within a proto-oncogene.



(2) The regulatory region of the retrovirus alters the expression of a proto-oncogene. 

6.
Discuss four possible mechanisms that lead to the activation of proto-oncogenes and the formation of a tumor. 
Answer: 


(1) Retroviruses can activate proto-oncogenes by producing excessive quantities of proteins important for cell growth or by forming altered proteins that can no longer be regulated. (Retrovirus activation can also result in decreased gene expression or the interruption of important regulatory genes.) These changes can lead to unregulated cell growth and cancer.


(2) Gene amplification can occur such that the increase in number of gene copies or increase in expression of existing proto-oncogenes leads to unregulated cell growth and cancer.


(3) Chromosomal translocation can occur. Genes changing position on chromosome(s) may activate silent or latent genes, or result in gene fusion, perhaps incorporating an enhancer. This leads to unregulated growth and cancer.


(4) A point mutation can occur in a gene important in regulating the cell cycle or apoptosis: for example, in a gene resulting in a functionally altered protein used in signal transduction. This leads to unregulated cell growth and cancer. 

7.
Which of the following mutations will result in cancer?
(a) A homozygous recessive mutation in which there is a deletion in the coding region of a proto-oncogene, leaving it non-functional



(b) A homozygous recessive point mutations in a tumor-suppressor gene coding for a non-functional protein
(c) A dominant mutation in a proto-oncogene in which the protein product is 

      overexpressed
(d) A dominant mutation in a tumor-suppressor gene in which the protein product is  

      overexpressed
Answer: Conditions (b) and (c) would produce cancer. Loss of function of a tumor-suppressor gene would allow cell growth to go unchecked. Overexpression of a proto-oncogene would result in more cell divisions than normal. 

8.
What is the probability that a phenotypically normal couple will have a child with retinoblastoma, if the prospective male parent has a sibling with HBR (hereditary binocular retinoblastoma)? (When present, there is a 90 percent chance that the gene will be expressed as retinoblastoma.) 
Answer: The prospective male parent has the mutant gene responsible for dominant HBR in his lineage. Because both prospective parents are phenotypically normal, there is a maximum 10 percent chance that the male parent carries the defect. If he carries it, there is a 50 percent chance that the defective allele will be passed to any particular child. If passed to a particular child, there is a 90 percent chance that the defect will be expressed. The total probability of this couple having a child with retinoblastoma is (0.1)(0.5)(0.9) = 0.045, or 4.5 percent. 

9.
The following pedigree concerns a family that has a history of inherited breast cancer:
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(a) What is the most likely mode of inheritance of this trait?


(b) What is II-2’s genotype and phenotype?


(c) What is the genotype of the unaffected women (II-1 and III-3)?



(d) An RFLP marker has been found that maps very close to this breast cancer gene. Given the following RFLP data for chromosomes 4 and 17, what chromosome does this gene map to?
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(e) Using the same RFLP marker, IV-3 and V-1 were tested.  The results are shown below.  Based on their RFLP genotypes, is either of them at increased risk for breast cancer?
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V-1


Answer:

(a) Autosomal Dominant

(b) Bb - normal; men do not get this form of breast cancer

(c) Bb
(d) Chromosome 17

(e) IV-3 is not susceptible; V-1 is susceptible


10.
Bloom syndrome is an autosomal recessive disorder that is associated with a high frequency of spontaneous chromosome breakage as a result of a gene defect in DNA replication. Why do you think there is an increased chance of cancer associated with this syndrome? 

Answer: The gene defect leads to increased chromosome rearrangement and mutation. Some of these changes result in activation of dominant oncogenes or to loss of normal tumor suppressor genes. 

11.
A vestibular schwannoma is surgically removed from a patient with neurofibromatosis type 2 (NF2). DNA is extracted from the tumor, cut with a restriction enzyme, and then hybridized with a polymorphic DNA probe very closely linked to the NF2 gene. A Southern blot of the tumor and blood from the patient is shown below:



Blood
Tumor



—



—
—


(a) What can be concluded about the pathogenesis of vestibular schwannoma in this disorder?


(b) If the father of the patient also has NF2, would the father’s or mother’s allele be the one to have been lost from the patient? 
Answer: 


(a) Heterozygosity has been lost from the tumor, suggesting that the NF2 gene acts as a tumor-suppressor gene.


(b) The mother’s normal allele is the one lost from the tumor of the patient. 

12.
Loss of one or both copies of the retinoblastoma gene is found in many malignant tumors other than retinoblastoma in individuals with no family history of retinoblastoma. How would you explain this observation? 
Answer: The retinoblastoma gene acts as a tumor-suppressor gene for many tumor types. Thus, loss of this gene may contribute to progression of cancer in various types of tissues. However, it may not be the rate-limiting step toward tumor formation as it is in retinoblastoma. In these tumors, loss of RB function is an acquired event for both alleles. 

13.
Multiple myeloma is a cancer of antibody-producing cells. Usually, a single type of antibody rather than a spectrum of antibodies is produced by a given tumor. How would you explain this observation? 
Answer: Each B lymphocyte produces a single type of antibody. Because cancer arises clonally from a single cell, it expresses a single type of antibody. 

14.
Postulate a reason why children with Down syndrome are 20 times more likely to develop leukemia than children in the general population. 
Answer: Children with Down syndrome are trisomic for chromosome 21. There are genes on chromosome 21 that promote cell division in leukocytes (white blood cells). Apparently, three copies of the gene(s) make Down syndrome children more susceptible to leukemia. 

15.
In a cytogenetic study of a new form of atypical lymphoma, a translocation between chromosomes 3p and 22q is commonly seen. What are two possible mechanisms by which this translocation could result in cancers? 
Answer: 

(1) The translocation could have placed an oncogene next to, and thus under the control of, a highly active enhancer or a promoter. Example: bcl2 placed next to an enhancer.


(2) The translocation could have created a fusion gene whose gene product has a new or altered function leading to cancer development. Example: bcr1-abl fusion protein. 
16. Using a diagram (or diagrams) and a brief narrative description, outline the role of allelic loss or loss of heterozygosity as a mechanism of tumor-suppressor gene inactivation in human cancer.

Answer: The “two-hit” hypothesis (shown in the diagram below) explains the basis of tumor-suppressor genes causing cancer. If we take as an example a tumor-suppressor gene like retinoblastoma, a single germ-line mutation is not sufficient to cause cancer. Instead, a subsequent mutation that leads to loss of function of the other allele must occur. In retinoblastoma, after one allele has been inactivated, the second allele can be inactivated by any of the following mechanisms: mitotic nondisjunction, mitotic recombination, or a point mutation (as shown above in the diagram). The loss of heterozygosity explains the retinoblastoma phenotype of now seeing bilateral retinoblastomas (both eyes affected). Loss of an allele can be observed by carrying out a Southern blot of DNA from tumor and non-tumor cells. 
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