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CHAPTER 6 Genes as Medicine

ments must be shown to work in animal models before 
they can be tried with  humans.

• Gene therapy is a technique for treating ge ne tic dis-
eases by replacing defective copies of impor tant genes 
with corrected copies.

ANSWERS TO END- OF- CHAPTER QUESTIONS

 1. (a) In order to attempt gene therapy on an inherited dis-
ease, the following are needed: a functional version of the 
gene that is mutated in a given disease, a means of getting 
that gene inside the target cells, and a way of making the 
gene active in  those cells.

  (b) All the necessary ingredients for successful gene 
therapy  were pres ent for Jesse Gelsinger and the other 17 
patients in the trial, but Gelsinger suffered from a severe 
and irreversible immune reaction to the engineered 
adenovirus.

 2. This is a constant discussion among bioethicists and bio-
medical researchers. Animals are not  humans, but 
impor tant details about the positive and negative poten-
tials of a treatment can be learned by applying that treat-
ment to an animal model. It is pos si ble that in the  future 
simulated  human tissues and tissue systems  will be avail-
able to test any drug treatment, but we are not  there yet.

 3. Researchers learned that gene therapy for RPE65 in 
briards appeared to be safe, effective, and long- lasting. 
This research also proved that the virus could be reap-
plied, such as to a second eye.

 4. Researchers  were hopeful about curing cystic fibrosis in 
the 1990s, but the real ity proved far more complicated. 
Clearly, the research moved more quickly than it should 

CHAPTER SUMMARY

The focus of this chapter is the development of a method for 
treating ge ne tic diseases in  humans through gene therapy. The 
story spans 18 years from 1990 to 2017. A key component of 
the story is the relentless effort, creativity, and compassion of 
the lead researchers, Jean Bennett and Albert Maguire, in 
designing a treatment for Leber’s congenital amaurosis (LCA), 
a form of childhood blindness. Another takeaway of the chap-
ter is that for medical research to be effective at treating dis-
eases like childhood blindness, it requires time, collaboration, 
and the integration of vari ous areas of science. In the case of 
designing a treatment for LCA,  these areas of science included 
virology, immunology, ge ne tics, ophthalmology, biochemis-
try, and veterinary medicine.

KEY SCIENCE CONCEPTS

• Genes in the nuclei of cells encode messenger RNA 
that provides the instructions for proteins, the molecular 
machines in charge of the development and functioning 
of organisms.

• Ge ne tic mutations provide the raw material for evolu-
tionary change in a population, but they can also cause 
disease in individuals.

• Many viruses reproduce by inserting their ge ne tic 
material into the genome of a host cell, causing the host 
cell to activate the viral genes.

• Science is a collaborative pro cess, and advances in sci-
entific knowledge and technology require interaction, 
cooperation, and communication among scientists, often 
across multiple areas of science.

• Model organisms are essential components of many 
biological research programs, and most medical treat-
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health conditions, including ge ne tic disorders, cancer, 
and HIV/AIDS. However, none are yet approved by the 
Food and Drug Administration or commercially avail-
able. Student groups can investigate one of the current 
clinical studies and tell the story of the clinical study in 
a short pre sen ta tion to the class.

MULTIMEDIA SUGGESTIONS

First Gene Therapy for Inherited Disease Gets 
FDA Approval

Directions to Multimedia Item: Go to npr . org and search 
for “gene therapy.” Scroll down to find the December  19, 
2017, story titled “First Gene Therapy for Inherited Disease 
Gets FDA Approval.”
Length: Approximately 400 words
Summary: Students  will find a list of recent stories on gene 
therapy on the NPR website, but specific to Chapter 6 is the 
story on the FDA’s first- ever approval of gene therapy for an 
inherited ge ne tic disease— LCA2.
Suggested Classroom Use: Students can read the story on 
the FDA approval of gene therapy for the LCA2 disease and 
then follow links to additional information on the pro cess of 
getting the therapy approved. For example, students can fol-
low the link to the summary of a paper published in the 
journal The Lancet by Bennett, Maguire, and their col-
leagues. The full version of this paper describes the clinical 
trial that led to the FDA approval for gene therapy for LCA2. 
Students can also read or listen to additional stories on gene 
therapy and relate them to Chapter 6.

Discussion Questions:

 1. From the December 19, 2017, NPR story you learn that 
the treatment for childhood blindness (LCA2) could 
cost up to $475,000. Why do you think the price tag is 
so high for this treatment?

 2. Go to npr . org and search for “gene therapy.” Read the 
April 18, 2018, story titled “Gene Therapy For Inher-
ited Blood Disorder Reduced Transfusions.” Compare 
the gene therapy technique described in this story to the 
technique used to treat LCA2.

BioInteractive: Genes as Medicine

Directions to Multimedia Item: Go to hhmi . org and search 
for “genes as medicine.” Find the BioInteractive link titled 
“Genes as Medicine.”
Length: 17:17
Summary: The short film chronicles the Jean Bennett and 
Albert Maguire gene therapy story told in Chapter 6.

have, but biomedical researchers can be  under intense 
pressure to produce positive results quickly in order to 
help  people in need. Some researchers can be  under 
pressure to create drug products that can generate reve-
nue for the companies that are funding the research and 
development.

 5. The mechanisms of delivery of the genes to their target 
tissues tend to be as unique as each disease. Finding the 
best technique and  going through the dif fer ent stages of 
trial can take years. Moreover, when Jesse Gelsinger 
died, the entire research field was put on hold.

DISCUSSION QUESTIONS

 1. Leber’s congenital amaurosis (LCA) is an inherited eye 
disease that  causes  children to slowly lose their sight. In 
one form of the disease, LCA2, a gene called RPE65 has 
a mutation that produces a faulty RPE65 protein. The 
RPE65 protein is necessary for the pro cess that provides 
nourishment for cells in the ret ina of the eye. Without the 
nourishment, the ability of the ret ina to detect light 
breaks down. Explain how two parents with normal sight 
can produce a child with the LCA2 disease.

 2. The ge ne tic technology called transgenics is a pro cess by 
which a gene from one organism is inserted into another, 
giving the recipient organism and all of its offspring a 
new and useful trait. How is gene therapy similar to yet 
dif fer ent from transgenics?

 3. The gene therapy for LCA2 designed by Drs. Bennett 
and Maguire requires using a virus, billions of them in 
fact, to deliver correct copies of the RPE65 gene to ret i-
nal cells. Why  didn’t the virus reproduce and then move 
throughout the bodies of the briard dogs and the patients 
in the  human trial?

CLASS ACTIVITY AND ASSIGNMENT IDEAS

•  After students read the chapter, have them work in 
groups to create a concept map or flowchart that shows 
the scientific and collaborative pro cess Drs. Bennett and 
Maguire followed to take their gene therapy technique 
from the idea stage to showing that it worked in  humans.

• Have students research and outline the steps required 
by the U.S. Food and Drug Administration (FDA) for a 
drug or treatment to receive approval for widespread 
use in  humans.

• Students may won der what other disorders gene ther-
apy is available to treat. The National Institutes of 
Health (NIH) reports that hundreds of clinical studies 
are underway to test gene therapy on vari ous  human 
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and frames as well as contact lenses. If Drs. Bennett and 
Maguire are not opticians or optometrists, what area of 
specialty makes them capable of working on treating eye 
diseases?

 2. What unique characteristics do viruses have that make 
them a useful tool for gene therapy?

 3. Why  were briard dogs used as a model animal to test 
the gene therapy technique that Drs. Bennett and Magu-
ire ultimately used on  humans?

Suggested Classroom Use: Show the film to students  after 
they read and discuss Chapter 6. Students could also watch 
the film on their own and discuss it during the following 
class period.

Discussion Questions:

 1. An optometrist is not a medical doctor, but a doctor of 
optometry (OD) specialized in vision care, which includes 
diagnosing, treating, and managing vision changes. Opti-
cians specialize in designing and fitting eyeglass lenses 
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