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CASE STUDY LECTURE SLIDES

How to use these slides:

These slides are intended to complement the material presented in
Modules 1-6 of the case study.

You can include as many or as few of these slides into your lectures
depending on the level of detail into which you wish to explore CF with
your students.

Feel free to modify the slides so that they fit with your lecture or
course content.
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Case Study Assignments (5%)

* New this year!

* A case study has been developed to span the course — this
year it is on Cystic Fibrosis

* There will be 6 modules — each will include a short
assignment (each worth 1% of your final grade (best 5/6)

* It will conclude with a guest lecture on current research in
cystic fibrosis at the end of the course
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A Case for Cystic Fibrosis - A Québec Perspective
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A Case for Cystic Fibrosis - A Quebec Perspective
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Mutation in the Cystic Fibrosis Transmembrane Receptor (CFTR gene)

A Case for Cystic Fibrosis: A Québec Perspective

Part |: CF as a Mendelian Disorder

e Cystic Fibrosis is a prevalent autosomal recessive disorder in Canada & Quebec

* Cloned by researchers at Hospital for Sick Children - Toronto
* The origins are disputed, but thought to be IndoEuropean
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Cystic Fibrosis (CF) is a recessive condition

caused by a single mutation. Normal parents

have a child with CF. What is the probability

that their next child will be normal? 28%
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Cystic Fibrosis (CF) is a recessive condition
caused by a single mutation. Normal parents
have a child with CF. What is the probability
that their next child will be normal?
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An important application for mapping: e et
Finding the genes underlying genetic diseases (e
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An important application for mapping:
Finding the genes underlying genetic diseases
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Cystic fibrosis & genetic modifiers MeGiniversy
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Cystic fibrosis & genetic modifiers
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Cystic fibrosis & genetic modifiers M((«u@h

People with CF differ in the severity of their disease. Some of this variability is influenced by alleles of

other genes that sit on other chromosomes. One such gene, called TGFAT, is located on chromasome
19, shown here with symbol “D." We can also use a Punnett Square to follow the inheritance of two

D

genes, as in the example below.
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Population Genetics & Cystic Fibrosis in Quebec %"
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A Case for CF: From Genotype to
Phenotype

Cystic Fibrosis caused by a mutation in the
cystic fibrosis transmembrane receptor (CFTR)
CFTR transports chloride ions across membranes to control

transport of liquids and salts

All mutations cause dysregulation in this chloride transport
Phenotypes may vary based on the mutation, with varying

severity

A Case for Cystic Fibrosis: A Québec Perspective

Crass section of
brrmidl Arddy

adremay wall
thim layar
ol frAudiss

autside cell

Mpemal CFTR charne|

Tamara Western
McGill University

Cross soctsnm of alrway
wlih eyitic fibrodis

Thick layes
ol miudus

Mutani CFTR channel

Genome Research Limited.

SALTISE.ca
Complete Materials



A Case for Cystic Fibrosis: A Québec Perspective

A Case for CF: From Genotypeto™
Phenotype
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No No traffic No Less Less Less
protein Function  Function Protein Stable
G542X (a) R1066C G551D R117H A455E ¢.120dei23
394delTT (a) ASB1E S549R R3zaw 3272-26A>G  rF508del
1717-1G>A (b) F508del G1349D 3849 + 10 kb C>T

Bell et al., 2015. Pharmacology and Therapeutics.
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A Case for CF: From Genotype to Phenotype

" Modifier Gene: the expression of one gene alters the
expression of another gene often involved in disease
pathology

= Ranges from primary action of target gene to intermediate
phenotypes at the cellular organ or system level

» CFTR mutant mice have differing phenotypes based on the
genetic background of the mouse

" Found a modifier gene in some strains with linkage studies
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A Case for CF: From Genotype to Phenotype

Table 1. Genetic modifiers of different features of cyvstic fbrosis™

P aeruginosa

Pulmonary Acquisition/ [ntestinal
(rene Function {FEV;) Colonization Obstroction [Habetes Liver Discase
AIMPORZ Possible effect™
EDNRA  Probable effect™
IFRD!  Possible effect™
I8 Possible effect™
MBL2 Prabable effect™ S2-+L0.%  Brohahle effect®® ™M
MERA Probahle effect™
SERPINAI Mo effect™ ™™ Likely no effect™ .1 Possible effect™
TCFFLE Probable effect”
T‘-JFE.! thlhl.t tﬁm.‘:..‘é.ﬁ".:‘u 7174 :»,;u fﬁm".-.ﬂ..-l.'l.rl. 14 Likd}' no rﬁ'crtl':' 141

Probable effect: Association observed in =3 independent populations with = 1000 participants in aggregate.
Possible effect; Association observed in =2 independent populations with =300 participants in aggregate.
Likely no effect; Mo assodation observed in =2 independent populations with =300 participants in aggregate.
Wo effect: Mo associstion observed in =3 more independent populations with = 1000 participants in aggregate.
K.B.: Some studies include replication populations, which are treated as separate independent populations.

Cutting, 2010. Ann. N.Y. Acad. Sci.
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A Case for CF: From Genotypeto™
Phenotype
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A Case for CF: From Genotypeto™
Phenotype
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1717-1G>A (b) F508del G1349D 3849 + 10 kb C T
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A Case for CF: From Genotype to
Phenotype

" Modifier Gene: the expression of one gene alters
the expression of another gene often involved in
disease pathology

= Ranges from primary action of target gene to
intermediate phenotypes at the cellular organ or system
level

= CFTR mutant mice have differing phenotypes based on
the genetic background of the mouse

* Found a modifier gene in some strains with linkage
studies
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A Case for CF: From Genotype to
Phenotype

Table 1, Genetic modifiers of different features of cystic fibrosis™

P, aerugimosa
Pulmonary Acquisition/ [ntestinal
(rene Function (FEV,) Colonization Obstruction Dhabetes Liver Disease
ADIPOR2 Possible effect™

EDNRA  Probable effect™

IERD!  Possible effect’

IL§ Possible effect™

HE.U. PII:IIJ'JHC tﬁm??.h.'-hl.-'“.'-'i Pmbahie E'E{-EI‘.H' P

MSRA Probable effect™

SERPINA] No effect™ ™™ Likely no effect”™ ™™ Possible effect"”
TCE7L2 Probable efect”

TGFB]  Probable effect™ #7074 No effect’* 7741 Likely no effect "

Probable effect: Association observed in >3 independent populations with > 1000 participants in aggregate.
Possible effect: Association observed in >2 independent populations with >500 participants in aggregate.
Likely no effect: No association observed in >2 independent populations with >500 participants in aggregate.
No effect: Mo association observed in =3 more independent populations with > 1000 participants in aggregate.
N.B.; Some studies include replication populations, which are treated as separate independent populations,

SALTISE.ca
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A Case for CF: Genetic Screening

Screening for CF will:

Prevent potentially irreversible
consequences on growth
Potentially decrease risk of
contracting lung infections
Decrease ER visits by families going
through diagnosis

Quebec to start screening
newborns for cystic fibrosis

Cyslic Fibross Canada Savs e is & "hupe win” for b kealth and well-beng of Quihec s childnen

CATHERINE SOLYCM. MOMTREAL GRIETTE Undaled jure B 215
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A Case for CF: Genetic Screening

" Panel Sequencing

* Targeted gene sequencing for specific mutations related
to a disorder

" Predesigned panels are available for CF, containing the
most common mutations
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Drug resistant bacteria and CF

Lung infection is one of the
most common problems with
CF because the mucus
lining the lungs is thicker
and traps bacteria

Chronic infection with
Pseudomonas aeruginosa is
often the perpetrator in CF
patient lung function decline
and respiratory failure
These bacteria can be
treated with various
antibiotics, but many

become drug resistant. Lyczak, JB. 2002. Clinical Microbio Reviews.
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The second immune response
is the reason why vaccination works

The active agent (the antigen) of a vaccine:

Intact but inactivated (non-infective) pathogen
Attenuated (reduced infectivity) forms of the pathogen

Purified components of the pathogen
that have been found to be highly immunogenic

The vaccine thus induces the primary immune response,
generating the memory cells that are ready
when the (second) infection happens.



