
Article: Preventing Cystic Fibrosis 
Excerpt from 

The Power of CRISPR



This project is funded in part by the Gordon and Betty Moore Foundation through Grant 
GBMF7776 to the University of California, Berkeley.

This project is funded in part by the Burroughs Wellcome Fund through Grant 1018377 to the 
University of California, Berkeley.

The preferred citation format for this publication is Lawrence Hall of Science and the 
Innovative Genomics Institute (2022). The Power of CRISPR. University of California at 
Berkeley. Lab-Aids, Inc.

© 2022 by The Regents of the University of California. All rights reserved. No part of this 
publication may be reproduced or transmitted in any form, or by any means, electronic or 
mechanical, including photocopy, recording, or any information storage or retrieval system, 
without permission in writing. 

ISBN: 978-1-63093-726-3
v1

P330-TG
Print Number: 01
Print Year: 2021

Developed by the Lawrence Hall of Science at the University of California, Berkeley, in 
partnership with the Innovative Genomics Institute at the University of California,  Berkeley 
and the University of California, San Francisco.

Cover art: Cas9 (green) and guide RNA (gold) bound to a target DNA site (blue), making a cut 
in each strand (white flashes). Copyright © 2022, Janet Iwasa, for IGI. 

Berkeley, CA 94720-5200 University of California at Berkeley 
www.sepuplhs.org  2151 Berkeley Way

Berkeley, CA 94720-5200
https://innovativegenomics.org/ 

Published by

17 Colt Court
Ronkonkoma, NY 11779
www.lab-aids.com 

ii



L AWRENCE HALL OF SCIENCE DEVELOPMENT TEAM
Maia Binding Kathryn Quigley
Lee M. Bishop, PhD Carissa Romano
Ardice Hartry, PhD Jacqueline Ryan
Ari Krakowski, PhD Nicole A. Shea, PhD

INNOVATIVE GENOMICS INSTITU TE DEVELOPMENT TEAM
Emeric Charles, PhD  Megan L. Hochstrasser, PhD
Kevin W. Doxzen, PhD  Robert J. Nichols, PhD
Lucas B. Harrington, PhD Denish Piya, PhD

SPECIAL THANKS TO
Lynn Barakos  Michelle Z. Rodriguez
Rena Dorph, PhD Cassandra Trimnell
Jennifer A. Doudna, PhD Mark Walters, MD
Christy George Salina Yun
Ben Koo, PhD

FIELD-TESTED BY
Melanie Bouzek, Solon Public Schools, IA
Wes Crawford, Summerlin Public Schools, OR
Heather Fischer, Dublin City Schools , OH
Caroline Franek, Bolingbrook Public Schools, IL
Donna Parker, Dublin-Coffman Public Schools, OH
Nick Pleskac, Berkeley Unified School District, CA
Dawn Posekany, Solon Public Schools, IA
Sarah Ward, Albany Public Schools, CA

PRODUCTION
Layout and Composition: Kristine Rappa
Production Coordination and Development for Lab-Aids: 

Hethyr Tregerman and Mark Koker, Ph D
Editing: Jennifer Davis-Kay

This CRISPR-Cas9 kit is to be used solely for educational teaching at the grades K–12 or 
undergraduate level and is not to be used in any research, whether academic or in 
collaboration with a third party. Any purchaser or recipient of this CRISPR-Cas9 kit 
acknowledges that the kit may only be used for grades K–12 or undergraduate teaching 
purposes and, by purchasing or accepting this kit, you agree to be bound by these terms and 
restrictions on use. Commercial licenses are available from Caribou Biosciences, Inc. 
(email: licensing@cariboubio.com).

iii



122

Article Introduction: The Ethics of CRISPR

In 2012, scientists developed CRISPR, a new gene-editing technology. However, the debate 
around whether scientists should edit organisms’ genes has been around much longer. 
Scientists have been manipulating genes since the 1970s. Since that time, scientists and others 
have debated how and when this technology should be used. As technology improves, it 
becomes even more necessary to ask questions like these:

• Should people be able to edit organisms’ genes?

• If people are able to edit organisms’ genes, who should be able to do it, which organisms’
genes should be edited, and for what purpose?

• How might changing an organism’s genes affect the environment and future generations?

• Will gene editing be accessible to all people or to just a select few?
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Article: Preventing Cystic Fibrosis

Worldwide, more than 70,000 people are living with cystic 

fibrosis—a genetic disease that especially affects the lungs 

and pancreas, but also the liver, kidneys, and intestines. 

People with cystic fibrosis have a thick, sticky mucus that 

builds up in their lungs and pancreas. In the lungs, this 

buildup makes it difficult to breathe and leads to lung 

infections. The buildup of mucus in the pancreas prevents 

the release of digestive enzymes, leading to malnutrition 

and poor growth.

Cystic fibrosis is caused by mutations to the cystic fibrosis 

transmembrane conductance regulator (CFTR) gene. This gene provides instructions for cells to make a 

certain type of protein, a channel protein. The channel protein helps regulate the amount of water outside 

cells, leading to the trait of having mucus of the right consistency. Mutations to the CFTR gene result in 

channel proteins that do not function properly, and very little water can cross through the channel proteins. 

These mutations lead to the trait of having thick mucus.

CRISPR and Germline Editing

Like sickle cell disease, CRISPR has the potential to be used as a treatment for people living with cystic 

fibrosis. However, there may be a way to prevent people from having these genetic diseases in the first place. 

If scientists can perform CRISPR on sperm, eggs, fertilized eggs, or embryos to change the mutated version 

of the CFTR gene to the healthy gene, any resulting organisms would be born without cystic fibrosis. Editing 

the genes of sperm, eggs, fertilized eggs, or embryos is called germline editing. By performing CRISPR at this 

early stage, any resulting organism would have the healthy version of the gene in all of its cells, including the 

organism’s own sperm or egg cells. This means that all future generations would be healthy too. In contrast, 

when gene editing is used as a treatment for people already living with the disease (somatic gene editing), 

changes to the genes will not be passed down, and future generations can still get the disease. 
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Article: Preventing Cystic Fibrosis (continued)

As with other CRISPR gene-editing applications, this procedure carries the risk of making edits to the wrong 

gene. This is called an off-target effect.  Although many off-target effects can be eliminated in the lab, there 

is no guarantee that all of them would be caught. The result of an off-target effect is unknown until the cells 

further develop. In addition, there is a risk that after Cas9 cuts the gene, the repair does not happen as 

planned. In that case, the result is also unknown. These errors can lead to health issues that are impossible to 

predict. Unlike using CRISPR to treat diseases in adults, these unknown changes to an organism’s DNA would 

be passed down to future generations. 

Although there is great potential for CRISPR to make a positive impact on the quality of people’s lives, society 

must make ethical judgements and determine the limits of such a powerful technology. Germline editing 

using CRISPR can be used to prevent organisms from being born with genetic diseases such as sickle cell or 

cystic fibrosis. However, people may want to use CRISPR germline editing for a wide range of applications, for 

example, to make cosmetic changes, such as hair or eye color; to enhance specific parts of the body, such as 

having larger, leaner muscles; or to reduce the likelihood of developing certain disorders or diseases, such as 

Alzheimer’s. 

In the United States, germline editing for humans is banned. However, other countries differ in how they apply 

their regulations, and some researchers in China have been prosecuted for illegally using CRISPR to conduct 

germline editing in human embryos. It is up to society to determine if, when, and where to draw the line. 
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