
Welcome

• Field Study offered by the 
Contemporary Science 
Center 

• Sponsored by and created  • Sponsored by and created  
in collaboration with      
Inspire Pharmaceuticals

• Hosted by the Museum of 
Life and Science



What is Cystic Fibrosis?

• Genetic disorder caused by defective gene
• Missing transport protein: Cystic Fibrosis 

Transmembrane Regulator (CFTR)Transmembrane Regulator (CFTR)
• Thick, sticky mucus in lungs and elsewhere
• Median lifespan: mid-30s



Genetics and Numbers

• Recessive disorder
• 30,000 CF children and adults in U.S. 
• Frequency of carriers:  • Frequency of carriers:  

– 1 in 25 Caucasian
– 1 in 46 Hispanic
– 1 in 65 African-American
– 1 in 90 Asian



Symptoms of CF

• Mucous buildup in various areas of body
– Lungs

• Breathing difficulty
• Infections (responsible for 90% of fatalities)• Infections (responsible for 90% of fatalities)

– Intestines, Pancreatic duct, Liver
• Poor digestion
• Failure to thrive / gain weight

– Sweat glands
• Salty sweat

• Caused by a malfunction at the cellular level



History of CF

• Mutation first observed ca. 50,000 years ago
• Carriers of CF have half the active chloride ion 

channels of healthy people
• Chloride channels are permanently opened by • Chloride channels are permanently opened by 

bacterial diseases (Salmonella, Cholera, E. coli)
• Carriers could have survived these diseases more 

readily
• Why mostly in Caucasian/Northern Europe?  Why 

not everywhere?



Structure of the Cell Membrane

• Membrane is semi-permeable
• Composed of a  phospholipid bilayer
• Allows small hydrophobicmolecules 

(like lipids) through
• Prevents hydrophilicmolecules (like 

charged ions) from crossing (because of 
charges on the surface)



Active Transport

� Transports molecules against concentration gradient
� Involves expenditure of energy (e.g.ATP)
� Transport is prevented by metabolic inhibitors



ABC Transporters (ATP-Binding Cassette)

E. Coli Vitamin B12 uptake system

ABC, Cartoon Version

ABC transporter protein
Copied from http://moose.bio.ucalgary.ca/index.php?page=CK_Projects



Ion Channel Structure

The channel forming portion of the transport proteins has 12 alpha 
helices which span the membrane to creating the channel through which 
material is transported



CFTR Structure



CFTR Structure Revisited

http://www.chromosome7.htmlplanet.com/custom4.html



Airway Epithelial Cells 
Cells that line the air passage

• One side lines airway
• Other side connected to 

bloodstream
• Primary function is to transfer 

oxygen from airway to 
bloodstream

• Each cell has cilia (hairlike cell 
structures that move) to remove 
airway debris



Musin’ about Mucin

• Airway epithelial cells 
secrete mucin

• Mucin is “sticky”,     
captures debris,         

Velcro ®

Mucin

captures debris,         
prevents bacterial infection

• Mucin + debris = mucous
• Viscosity of mucous depends 

on water content



The Mucouciliary Clearance 
Process

• Cells secrete mucin
• Mucin captures bacteria 

and debris
• Cells release ions to • Cells release ions to 

create osmotic pressure
• Water leaves the cells to 

hydrate the mucous
• Cells beat cilia to push 

mucous out of the lungs



Recent Research

• Scientists at UNC attempted to model CF in mice.
• “Knocked out” CFTR gene.
• Mice did not get sick!• Mice did not get sick!
• Mice have an alternative ion channel that has the 

same function as CFTR!
• Humans do to, but it is normally dormant.
• Channel can be stimulated by a chemical called 

UTP



Stimulating the Alternate Ion 
Channel

Defective!

If we only had some way of activating that channel…



Summary

• CF is caused by a defective ion channel 
resulting in three problems:

- dehydration of the airway mucous.- dehydration of the airway mucous.
- decreased ciliary beat frequency
- decreased mucin production
• UTP (and synthetic versions INS and NEW) 

can stimulate a receptor that reverses these 
effects.



Mucin ELISA
(Enzyme Linked Immunosorbent Assay)
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The Result
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CF Drug Development Pipeline

Inspire’s Product

Phases

1. Small group; tests for 1. Small group; tests for 
safety, establish dosage

2. Larger group; further 
safety tests, look for 
effectiveness

3. Multiple large groups; 
looks for side effects, 
compare to standard 
treatments

4. Marketing to patients; 
drug is monitored to 
look for long-term side 
effects


