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Cystic Fibrosis (CF) 
Pathophysiology 

Normal 

CF 

Slide c/o Stuart Elborn 
3 

http://images.google.de/imgres?imgurl=http://www.traum-fabrik.de/media/images/Wassertropfen_2.jpg&imgrefurl=http://www.traum-fabrik.de/pflege.html&usg=__nOyMADNPdMJFFbCEUJwNM9tREp4=&h=331&w=503&sz=13&hl=de&start=143&tbnid=X3JtjtTqx1YgQM:&tbnh=86&tbnw=130&prev=/images?q=wassertropfen&gbv=2&ndsp=18&hl=de&sa=N&start=126
http://images.google.de/imgres?imgurl=http://www.dfki.de/~gebhard/images/privat/wallpapers/1280x1024/duerre-1280x1024.jpg&imgrefurl=http://www.patrick-gebhard.de/design.html&usg=__1A01v5y8owtnBRvscGTOaBF0AuM=&h=1024&w=1280&sz=1764&hl=de&start=23&tbnid=HAtksPADhCUNnM:&tbnh=120&tbnw=150&prev=/images?q=d%C3%BCrre&gbv=2&ndsp=18&hl=de&sa=N&start=18


 Cystic Fibrosis (CF) is an autosomal recessive 
disorder with a highly variable phenotype 

Sweat gland  
[Cl-] > 60 mmol/L (98%) 

Male reproductive tract 
Congenital Bilateral Absence of the 
Vas Deferens (98%) 

Pancreas 
Exocrine Impairment 
(90%) 
Diabetes (25%) 

Sinopulmonary 
Progressive Obstructive  
Lung Disease 
Rhinosinusitis 

Intestinal 
Obstruction 
Meconium ileus (15%) 
Intestinal Obstruction 
(variable) 

Aberrant fluid and ion transport across epithelial tissues 4 



CFTR mutation has different effect on 
organ system manifestations of CF  

Figure c/o Peter Durie 

Age  

Kerem NEJM. 1990 
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Allelic Heterogeneity in CF 
• There are nearly 2000 different CFTR variants 

that have been described. 
– CF Mutation Database (http://www.genet.sickkids.on.ca/app) 

 
• A small number are well known to cause CF, the 

majority have an unknown disease liability. 
• There is growing (but incomplete) knowledge of 

how different mutations contribute to differences 
in phenotype.  
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Clinical and Functional TRanslation 
of CFTR:  CFTR2  

Clinical Data from 39,696 
CF patients N. America, 

Europe: 
• CFTR genotype 
• Sweat Chloride 

concentration 
• Lung Function 
• Pancreatic Status 

1036 mutations 

Functional Analysis: 
• Prioritized by 

mutation type 
• Cell line based 

testing 
• Splice analysis 

 

Clinical Analysis: 
• Mutations with null 

allele in trans 
• Confirm clinical 

features and 
diagnosis 

 

Population Analysis: 
• Allele frequency in 

the general public 
• Allele frequency in 

obligate 
heterozygotes 

 

Completed for 159 
mutations 
Allele frequency>0.01% 
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Normal I II III IV V 

G542X G551D R117H 
D1152H 

3849+10kbC–>T 
5T 

F508del 

A455E 

No 
synthesis 

Block in 
processing 

Altered 
conductance  

Block in 
regulation  

Reduced 
synthesis  

Classes of CFTR Mutations 

87% 12% 4% 4% 4% 

3659delC 
621+1G->A 
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Pancreatic status can be 
predicted from mutation class 

Golgi 

Rough  
endoplasmic 
reticulum 

Nucleus 

CFTR 

I. RNA Expression 

II.  Folding and 
modification 

IV. Channel function 

V. Reduced 
expression  

III. Channel activation 

Welsh and Smith, Cell, 1993 

PI 

PS 
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DNA 
Substitution of G -> A at position 

551 results in an Asp codon 
 

AGT GGA GGT CAA CGA 
Ser Gly Gly Gln Arg 
549     551     553 

 
This is a missense mutation 

RNA 
Normal RNA splicing 

Protein 
CFTR protein produced 

Exons spliced 
together 

Introns 
spliced out 

Protein folding 
CFTR protein folded correctly 

Protein trafficking 
CFTR protein correctly localized to 

cell membrane 

Protein function 
CFTR protein can not be turned on 

and opened 

G551D 

X 
Cl- Cl- 

Cl- 

Cl- 
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DNA 
Deletion of CTT results in a 

deletion of Phe at position 508 
 

ATC ATC TTT GGT GTT 
Ile Ile Phe Gly Val 
506     508     510 

 
This is an in-frame deletion 

mutation 

RNA 
Normal RNA splicing 

Protein 
CFTR protein produced 

Exons spliced 
together 

Introns 
spliced out 

Protein folding 
CFTR protein folded incorrectly 

and degraded 

Protein trafficking 
No protein trafficking 

F508del 

Protein function 
No CFTR function 
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DNA 
Substitution of G -> T at position 

542 results in a premature 
termination codon (PTC) 

 
GTT CTT GGA GAA GGT 
Val Leu Gly Glu Gly 
540     542     544 

 
This is a nonsense mutation 

RNA 
Nonsense-mediated decay 

Protein 
If produced, CFTR protein is 

truncated and non-functional 

Unstable mRNA 
with PTC 

Introns 
spliced out 

Protein folding 
No CFTR folding 

Protein trafficking 
No CFTR trafficking 

Protein function 
No CFTR function 

G542X 

* 

* 

mRNA degraded 

* 
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DNA 
Substitution of G -> A at position 

350 results in a His codon 
 

GAG GAA CAC TCT ACT 
Glu Glu His Ser Ile 
115     117     119 

 
This is a missense mutation 

RNA 
Normal RNA splicing 

Protein 
CFTR protein produced 

Exons spliced 
together 

Introns 
spliced out 

Protein trafficking 
Remaining CFTR protein correctly 

localized to cell membrane 

Protein function 
CFTR protein does not conduct 

chloride as efficiently 

R117H – appears to affect channel function 

~ 
Cl- Cl- 

Cl- 

Cl- 

In in vitro studies R117H-CFTR conducted chloride at 25-40% of WT-CFTR levels. 
VanGoor JCF. 2012., Sheppard Nature, 1993., Choi Nature, 2001.  

Protein folding 
CFTR protein folded correctly 
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R117H 

www.cftr2.org 14 



R117H has incomplete penetrance 

• R117H occurs commonly (6th most 
common CFTR mutation in CF patients) 

• However, R117H was seen more 
frequently in asymptomatic individuals 
undergoing carrier screening. Several 
individuals with F508del and R117H were 
found that had no detectable phenotype. 
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F508del (or another CF-
causing mutation) R117H CF 

F508del (or another CF-
causing mutation) R117H normal 

F508del (or another CF-
causing mutation) R117H Obstructive 

azoospermia 

CFTR Cl- conductance 
is reduced 

Intron 9 
variants 
affect 
quantity of 
CFTR 
transcript 
that contains 
exon 10 
Chu Nature Genet. 
1993 16 



F508del (or another CF-
causing mutation) R117H with 5T CF 

F508del (or another CF-
causing mutation) R117H with 9T normal 

F508del (or another CF-
causing mutation) R117H with 7T Obstructive 

azoospermia 

CFTR Cl- conductance 
is reduced 

Intron 9 
variants 
affect 
quantity of 
CFTR 
transcript 
that contains 
exon 10 
Chu Nature Genet. 
1993 17 



The incomplete penetrance of patients 
with R117H is explained by Intron 9 polyT 
• The affect of the R117H mutation is subject to 

intragenic modification based on the quantity 
of correctly spliced CFTR 

• Variations in Intron 9 have been shown to 
affect the splicing of Exon 10 
 

• R117H with a 5T causes CF 
• R117H with a 7T causes CF in small minority, 

single organ system disease, or no effect 
• R117H with 9T does not cause CF 

Kieswetter Nat Genet. 1993; Chu Nat Genet. 1995; Thauvin-Robinet J Med Genet. 2009 
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R117H Cl- 

R117H 

Quantity of partially functional CFTR 
correlates with lung function 

Quantity 

R117H-7T 
 
  Normal 
 
 
 
      Low 

R117H- 5T 
 
     Low 
 
 
 
     High 
 

Lung function 
Kiesewetter et al Nat Genet 1993 

PS CF PS CF 
CBAVD 
Pancreatitis 
Normal 

Function 
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Summary 
• R117H is a frequently seen CF-causing 

CFTR mutation 
• R117H is most deleterious when seen with 

the 5T variation in the same CFTR gene 
– Both the effect of the amino acid substitution and 

the alternative splicing contribute to the 
dysfunctional protein 

• R117H is associated with retained pancreatic 
function; even though milder still associated 
with life shortening disease 
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