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A	Case	for	Cystic	Fibrosis	
A	Quebec	Perspective	
	

	
MODULE	1			
	
Part	I:	Mendelian	Disorders	
	
	
Cystic	Fibrosis	is	a	common	fatal	genetic	disorder	that	affects	approximately	one	in	every	3,600	
children	in	Canada.	It	is	a	disorder	that	affects	the	mucous	membranes	within	the	body,	mainly	
influencing	the	airway	and	digestive	tract.	The	severity	of	the	disease	varies	based	on	the	
individual,	but	it	is	often	accompanied	by	persistent	lung	infections	and	progressive	decline	in	
lung	function.	
	
The	Morin	family	lives	in	Quebec,	Canada.	Jean-Francois	is	a	native	Quebec	resident	and	his	
partner	Claire	is	from	Ontario.	Together	they	have	a	son,	Mathieu	(5),	and	a	daughter,	Johanne	
(2).	They	have	started	to	notice	that	their	daughter,	born	in	November	of	2016,	has	a	persistent	
wheezing	cough	and	isn’t	growing	quite	as	quickly	as	her	older	brother	did	at	her	age.	Doctors	
diagnosed	her	with	pneumonia,	but	after	kissing	her	daughter’s’	forehead	and	realizing	it	had	a	
salty	taste,	Claire	decided	to	get	a	second	opinion.	After	a	genetic	screen	and	a	sweat	chloride	
concentration	test,	the	doctors	delivered	the	unfortunate	news	that	their	daughter	suffers	from	
cystic	fibrosis,	a	disorder	to	which	Jean-Francois	recently	lost	a	cousin.		
	
Task:		

• Look	at	the	pedigree	for	the	Morin	family	on	the	follow	page.	
• Answer	the	questions	included	below.	
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QUESTIONS:		
	

1. When	looking	at	the	pedigree,	what	are	the	probabilities	of	individual	III-7	(indicated	by	
a	black	arrow)	being	a	carrier	for	either	mutation,	or	not	carrying	a	mutation	at	all?		

a. ¾,	1/4	
b. ½,	¼	
c. 1/3,	2/3	
d. 2/3,	1/3	
e. ¼,	1/2	

	
2. Jean-Francois’	sister-in-law	(born	in	Quebec)	is	currently	pregnant,	and	given	Johanne’s	

recent	diagnosis	she	and	her	husband	are	concerned	about	the	probability	that	their	
child	(indicated	by	black	arrow	and	**)	may	have	CF.	Given	the	above	pedigree,	what	is	
this	probability?		

a. ¼	
b. ½	
c. 0		
d. 1/12	
e. 1/6	
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MODULE	2			
	
Part	II:	Population	Genetics	
	
	
As	the	Morin	family	learned	more	about	their	daughter’s	disorder,	they	became	increasingly	
aware	of	the	specificity	of	the	Quebec	population’s	genetic	basis	of	CF.	The	province-wide	
incidence	of	CF	is	higher	than	the	remainder	of	the	country,	at	one	in	every	2,500	individuals.	In	
addition,	only	certain	mutations	are	present,	and	they	are	specific	to	French	Canadians.	The	
Morins	found	a	blog	based	on	an	article	that	was	written	in	2001	which	outlined	the	important	
differences	between	the	prevalence	of	CF	in	the	Quebec	population	and	elsewhere.	Neither	
Jean-Francois	nor	Claire	have	a	background	in	genetics	and	must	rely	on	summary	information	
to	become	informed.		

	
	
Task:		

• Read	the	section:	The	CFTR	Locus	Reflects	Both	Inter	and	Intrapopulation	Diversity	in	the	
article	Human	Genetics:	Lessons	from	Quebec	Populations	by	Charles	R.	Scriver	(2001).	
Annu.	Rev.	Genomics	Hum.	Genet.	2001.	2:69–101.	Note:	Although	only	one	section	is	
required,	other	aspects	of	the	paper	may	be	helpful	for	understanding	concepts!	

• Answer	the	questions	below.	
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QUESTIONS:		
	
1. While	the	genetic	testing	results	relieved	the	minds	of	Jean-François’	brother	and	sister-

in-law,	it	alarmed	his	sister,	Sophie,	especially	after	reading	the	article	herself.	Her	new	
boyfriend,	Robert,	whom	she	hopes	to	marry,	comes	from	the	Saguenay-Lac	St-Jean	
region	(SLSJ).	Using	information	provided	in	the	article,	what	is	the	probability	that	
Sophie	(III-3,	see	arrow	on	pedigree)	and	Robert’s	first	child	would	have	CF?	

	
a. 1/30	
b. ¼	
c. 1/15	
d. 1/6	
e. 1/60	

	

2. Robert,	the	new	boyfriend	of	Jean-François’	sister,	Sophie,	comes	from	the	Saguenay-Lac	
St-Jean	region	(SLSJ).	Based	on	the	information	in	the	article,	if	he	were	to	be	a	carrier	of	
a	CF	allele,	which	are	the	two	most	likely	alleles	that	he	may	be	carrying?	
	

a. 621+1	or	A455E	
b. ΔF508	or	A455E	
c. ΔF508	or	621+1	
d. ΔF508	or	711+1	
e. ΔF508	or	L206W		
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MODULE	3			
	
Part	III:	From	Genotype	to	Phenotype	
	
	
For	Cystic	Fibrosis,	there	is	a	strong	correlation	between	the	type	of	mutation	and	the	
phenotype	that	the	person	presents	with.	Even	among	individuals	with	the	same	mutations	and	
genetic	basis	for	CF,	there	exists	a	broad	range	of	symptoms	and	disorder	severities.	As	such,	
the	genetics	team	at	the	Montreal	Royal	Victoria	Hospital	decided	to	assess	the	genetic	basis	of	
Johanne’s	disorder,	and	which	gene(s)	is/are	specifically	altered.		
	
Task:		

• Read	the	following	molecular	biology	information	and	answer	the	questions	below.	
	
	
QUESTIONS:	
	
Sequencing	of	the	CFTR	gene	reveals	a	single	point	mutation	that	converts	a	G	to	and	A	residue	
at	position	2756	of	the	gene,	which	is	located	between	exons	16	and	17.	They	call	this	allele	
CFTR	2756GA.	The	team	then	carries	out	a	Northern	blot	analysis	to	compare	expression	of	the	
CFTR	gene	in	cells	homozygous	for	the	CFTR	2756GA	(Mut)	to	CFTR	gene	expression	in	wild	type	
cells.	They	discover	an	extra	band	in	the	CFTR	2756GA	lane	compared	to	wild	type.		
	

	
	

1. Based	on	the	sequence	analysis,	what	type	of	mutation	is	CFTR	2756GA?		
a. Silent		
b. Transition	
c. Transversion	
d. Frameshift	
e. None	of	the	above	

	
2. Propose	an	explanation	for	what	each	band	represents	and	how	the	2756GA	point	

mutation	might	result	in	an	extra	band	in	the	CFTR	2756GA	mutant	lane	(max	75	words).		
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3. The	researchers	consult	a	database	of	CFTR	alleles	identified	in	CF	patients	and	find	that	
CFTR	2756GA	has	been	previously	found	in	other	patients.	Table	1	(below)	contains	
phenotypic	information	from	individuals	homozygous	for	the	2756GA,	the	F508del	
allele,	and	a	third	allele	called	1831TC,	a	class	III	mutation	that	reduces	CFTR	protein	
function.	Which	alleles	correspond	to	columns	A,	B,	and	C,	respectively?	

a. 2756GA,	F508del,	1831TC	
b. F508del,	2756GA,	1831TC	
c. F508del,	1831TC,	2756GA	
d. 1831TC,	2756GA,	F508del	
e. Cannot	distinguish	from	the	information	provided	

	
	
	
	
	
	
	
	
	
	 Category?		
	
	
	 	

A																																									B																									C 
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4. In	a	cultured	cell	system,	the	researchers	treat	cells	containing	the	2756GA	allele	with	a	
compound	(DT)	that	they	hypothesize	will	correct	the	defect.	2756GA	cells	that	were	
mock-treated	serve	as	a	control	(cntrl).	The	researchers	obtained	the	following	Northern	
blot	results.	

	
	
	
	
	
	

	
	
Following	up	on	these	Northern	blot	results,	the	researchers	carried	out	a	functional	assay	to	
determine	whether	treatment	with	the	compound	(DT)	had	a	positive	effect	on	the	function	of	
the	CFTR	protein.	This	assay	measures	CFTR-mediated	transport	by	loading	cells	with	iodine,	
stimulating	CFTR	activity	with	an	additional	compound,	and	then	evaluating	the	function	of	the	
CFTR	channel	by	assessing	the	amount	of	radiolabeled	iodine	remaining	in	the	cell.	The	results	
are	shown	in	the	graph	below.	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
5. Given	these	data,	which	samples	from	the	Northern	blot	analysis	above	are	represented	

in	lanes	A,	B,	and	C	of	the	iodine	assay,	respectively?	
a. Cntrl,	DT,	2756GA	
b. DT,	cntrl,	WT	
c. 2756GA,	DT,	WT	
d. Cntrl,	DT,	2756GA	
e. WT,	cntrl,	2756GA	

WT						2756GA						DT								cntrl 

			A																			B													C							 
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MODULE	4		
	
Part	IV:	Genetic	Screening	
	
Read	the	article	excerpt	below	(For	full	article:	
https://montrealgazette.com/news/local-news/quebec-to-start-screening-newborns-for-cystic-fibrosis)	
	

	

	
	
Prior	to	the	Spring	of	2018,	genetic	screening	for	CF	was	not	mandatory	for	newborns	in	
Quebec.	Given	Johanne’s	birth	date,	she	was	not	included	in	the	screening	wave.	The	Morins	
are	disappointed,	but	happy	to	hear	that	moving	forward	children	will	be	tested	for	CF	at	birth.			
	
Task:	
	

• Write	a	Tweet	style	(140	characters)	announcement	regarding	CF	screening	in	Quebec.	
Simplify	what	genetic	screening	does,	and	why	this	is	beneficial.	Remember,	the	lay	
public	reads	Tweets,	so	no	jargon!	
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MODULE	5			
	
Part	V:	Bacterial	Genetics	
	
	

The	most	common	pathology	amongst	CF	patients	is	lung	infection.	Most	patients	acquire	chronic	Psuedomonas	
aeruginosa	infections	by	the	time	they’re	teenagers.	These	bacteria	are	capable	of	avoiding	host	immunity	by	

frequently	arising	mutator	phenotypes.	The	bacteria	with	the	most	beneficial	mutations	are	then	able	to	thrive	in	

the	lungs	of	CF	patients,	and	continue	to	cause	chronic	infections.		

	

TASKS:		
• Read	the	attached	paper	sections.	

• Answer	two	questions.	(Note	to	instructors:	randomly	assign	2	of	the	5	questions	to	students).	

	

QUESTION	BANK:	
What	is	the	evidence	that	resistance	genes	are	ancient?		

a) They	have	been	found	in	environments	untouched	by	humans	
b) They	have	sequence	homology	with	organelle	DNA	

c) They	are	originated	from	transposons	

d) They	are	originated	from	bacterial	phage	

	

What	is	the	function	of	the	TetX	enzyme	in	conferring	antibiotic	resistance?		

a) Increasing	efflux	

b) Hydrolysis	of	the	acyl-enzyme	bond	in	the	Beta-lactam	ring	

c) Inactivates	tetracyclines		
d) Alteration	of	the	metabolic	pathway	used	by	the	bacteria	

	

Which	of	the	following	methods	of	horizontal	gene	transfer	does	not	require	physical	contact	between	host	and	

recipient?		

a) Transduction	

b) Translation	
c) Transfer	

d) Transformation	

e) Conjugation	

	

Which	bacteria	is	able	to	use	the	conjugation	machinery	for	HGT	into	plant	cells?		

a) Rhodobacter	capsulatus		
b) Haloferax	volcanii		
c) Agrobacterium		

d) Streptomyces		

	
What	is	the	first	thing	required	for	an	antibiotic	resistance	gene	to	be	maintained	in	a	recipient?		

a) Selective	advantage	

b) Ease	of	transfer	

c) Neutral	acquisition	

d) Does	no	harm	
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MODULE	6			
Part	VI:	Vaccine	Development	and	Immunogenetics	

	

The	Morins	have	grown	increasingly	concerned	about	their	daughters’	condition,	and	the	
progression	of	her	disease	over	her	lifespan.	Although	there	are	many	palliative	treatments,	
there	is	no	true	cure	for	CF.	They	have	been	researching	different	treatment	and	management	
options,	and	have	stumbled	across	a	clinical	trial	for	a	vaccine	strategy.	This	therapy	targets	the	
bacterial	infections	that	plague	CF	patients	by	priming	host	response,	or	exploiting	the	genomic	
data	derived	from	bacterium.		

	

Tasks:	

• Read	the	attached	paper	selection.	
• In	3	or	4	sentences,	describe	what	you	would	use	as	an	active	agent	to	develop	a	vaccine	

against	Cystic	Fibrosis.	
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Garches, France

ARTICLE HISTORY
Received 10 September 2015
Revised 25 November 2015
Accepted 28 September 2015

ABSTRACT
A great number of cystic fibrosis (CF) pathogens such as Pseudomonas aeruginosa, the Burkholderia cepacia
and the Mycobacterium abscessus complex raised difficult therapeutic problems due to their intrinsic multi-
resistance to numerous antibiotics. Vaccine strategies represent one of the key weapons against these
multi-resistant bacteria in a number of clinical settings like CF. Different strategies are considered in order
to develop such vaccines, linked either to priming the host response, or by exploiting genomic data
derived from the bacterium. Interestingly, virulence factors synthesized by various pathogens might serve
as targets for vaccine development and have been, for example, evaluated in the context of CF.
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Cystic fibrosis and microbial lung infections

Cystic fibrosis (CF) is a disease which arises from a Mendelian
defect due to a series of mutations in the cftr gene encoding the Cl¡

channel.1 The resulting flaw in this protein is responsible for
increasing the viscosity of the mucus, which promotes the accumu-
lation and the attachment of bacteria to mucins. Chronic inflam-
mation2 and early bacterial infection maintain a vicious circle and
are each responsible for the lung damage which ensues. Lung infec-
tions in CF patients represent the most frequent but also the more
serious manifestations since they are responsible for more than
90% of CF patient deaths.3 The microorganisms that may infect
the respiratory system are bacteria, fungi and viruses. Bacterial col-
onization occurs very early in the natural history of the disease.4

The first causative organisms are Haemophilus influenzae and
Staphylococcus aureus. S. aureus is usually the first detected5 and its
prevalence is rising.6 Affinity of S. aureus for CFmucus contributes
to persistent colonization and progressive pulmonary damage
increasing the potential for further infections to set in, for example
Pseudomonas spp.5 Pseudomonas aeruginosa colonization arises
several months to several years after. Finally, several bacterial com-
plexes are found responsible for severe infections in CF, in addition
to be the most difficult to treat: the Burkholderia cepacia complex
(Bcc) and the Mycobacterium abscessus complex, which has
emerged recently as a threat in CF patients, and may present with
Mycobacterium avium, the major non-tuberculousmycobacterium
(NTM) present in CF lungs with a significant prevalence.7,8

Opportunistic pathogens becoming untreatable
weapons in CF patients

P. aeruginosa is the environmental opportunistic pathogen
in CF patients. It is the most commonly isolated bacterium

that infects individuals with CF, with colonization and
chronic infections that may affect up to 80% of adult CF
patients.9 P. aeruginosa establishes a chronic endobronchial
infection which impacts on morbidity and mortality of CF
patients. P. aeruginosa is also notable for its resistance to
antibiotics, making it therefore a difficult to treat pathogen,
which, once acquired, is rarely, if ever, eradicated. In addi-
tion, P. aeruginosa frequently colonized CF lungs as a bio-
film, which reduces the patient’s immune response and
access by antibiotics.10 A second opportunistic pathogen,
represented as a complex is the Burkholderia cepacia com-
plex (Bcc). It is composed of 18 species that are able to
cause opportunistic and lethal infections CF patients.11 The
two most clinically relevant species are Burkholderia cenoce-
pacia and Burkholderia multivorans.12 These environmental,
intracellular and biofilm-forming bacteria are extremely
antibiotic resistant organism.12 Bcc infections are rarely
cleared from CF patients once they are colonized, as
observed in P. aeruginosa infections. The third antibiotic-
resistant bacterium found in CF patients with frequency
between 3 to 7%7,13 is Mycobacterium abscessus. It is a rap-
idly growing mycobacterium also existing as a complex: the
Mycobacterium abscessus complex,14 with 2 subspecies M.
abscessus abscessus and M. abscessus bolletii respectively. M.
abscessus is, within the group of rapid-growers, responsible
for a broad spectrum of diseases in humans. Lung infections
are frequent, with CF patients particularly susceptible,7,13,15

in addition to muco-cutaneous infections often of nosoco-
mial origin.16 Recent reports of human-to-human transmis-
sion in the context of CF care have been described.17,18 M.
abscessus raises very challenging therapeutic issues because
of its natural resistance to most available antibiotics.19,20

Severe, even fatal, infections in CF patients have been
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described due to therapeutic deadlock.21 M. abscessus infec-
tion might represent a contraindication for lung transplan-
tation in several countries,22 leaving CF patients without
therapeutic options.

As such, antibiotic treatment exemplifies a clear chal-
lenge now faced with these opportunistic pathogens. We
demonstrated for example a significant link between previ-
ous intravenous antibiotic courses and the isolation of M.
abscessus in CF patient lungs, underlining the role of
broad-spectrum antimicrobial therapy in the emergence of
M. abscessus disease.23 And this is true for the continuous
emergence of resistant P. aeruginosa or Bcc due to the
repeated antibiotic therapeutic regimens given to CF
patients.24 Emergence of multi-resistant bacteria leads to
therapeutic impasses with severe and fatal infections.24

Vaccine approaches

Pathogens can be divided into 2 groups according to whether
vaccines exist against them or not. However, no human vaccine
has been developed so far against the antibiotic-resistant patho-
gens described above. As such, the development of prophylactic
or therapeutic vaccines is of extreme importance when con-
fronted with bacteria of this high resistance.

When defining an appropriate target, making the correct
choice and how such tools can be developed is a long and
tedious process. Development of vaccine targets can profit
from genome sequence comparisons,25 and, using a process
known as reverse vaccinology, might introduce a novel strategy
to identify target antigens that might serve as potential vac-
cines.25 We chose this strategy for the development of a first
vaccine against M. abscessus26 (as described in the following
paragraph). Indeed, the presence of specific genes in opportu-
nistic pathogen genomes that are absent from saprophytic bac-
terial genomes belonging to the same genus represents the key
to unravel virulence factors that can then be targeted using a
vaccine approach. A better understanding of the "virulence"
genes contributes greatly to the development of new control
strategies against these microorganisms. In addition, the choice
of a virulence factor as a vaccine target has been shown to be
relevant in the scientific literature.25

Vaccination can then be performed using recombinant pro-
teins when expression and purification are possible; or using
the expression of plasmid DNA with modified eukaryotic gene
sequences, as has been performed with M. abscessus.26 In fact,
in the different vaccine strategies, DNA vaccines exemplify one
of these new strategies and has been used successfully in the
context of infectious diseases.27 Over the last 15 years, DNA
vaccines have proved effective in animal models including can-
didates against HIV, malaria and influenza.28 DNA vaccines
have been extensively evaluated in humans with a recent review
identifying 72 Phase I, 20 Phase II and 2 Phase III human tri-
als.29 Mycobacteria, such as Mycobacterium tuberculosis, have
received particular attention in this respect.30,31 Finally, some
common antigens might be present in a variety of different CF
pathogens, and the development of a vaccine might have the
potential for conferring cross-protection against several CF
pathogens (see below).

Vaccines against opportunistic CF pathogens

Some infections32,33 frequently associated with impaired respi-
ratory function in patients with cystic fibrosis are the subject
of vaccine development: for example infections with
P. aeruginosa.

The development of a vaccine against P. aeruginosa has so
far mobilized many research teams, even though no human tri-
als have been conducted yet. Numerous vaccine attempts have
been made against this pathogen that is generally considered to
be the most targeted among pathogens infecting cystic fibrosis
patients, and in order to obtain a state of the art overview in
this domain, you would do well to explore the following recent
reviews.34-37 Major target antigens include the O-glycosylated
lipopolysaccharide, cell-surface alginate, flagella, components
of the Type III secretion system and outer membrane pro-
teins.38 The FliC flagellin protein widely considered as a viru-
lence factor has pro-inflammatory activity on respiratory
epithelial cells. Flagellin has been one of the major targets for
vaccines and therapeutic development especially for CF
patients. For example, as early as 1995, P. aeruginosa flagella
were developed as a vaccine against P. aeruginosa and a Phase I
study demonstrated that intramuscular immunization in
healthy human adults results in high and long-lasting serum
IgG flagella antibody titers and IgG, IgA and secretory IgA iso-
types in the secretory immune system.39 Then, in a phase III
study, an immunization with a bivalent vaccine for flagella sub-
types significantly lowered the risk for initial P. aeruginosa
infection in CF patients.40 Other proteins have been used in
human trials: OprF and OprI that are outer membrane proteins
are able to induce a specific antibody response in the lung after
nasal and oral vaccinations, and are as such promising candi-
dates for the development of anti-pseudomonas immuniza-
tion.41 Furthermore, a fusion protein of the P. aeruginosa OprF
fragment, OprI, and FliC promoted the clearance of P. aerugi-
nosa in a pulmonary challenge model.42 Another study which
also tested these 2 outer membrane proteins as mucosal vac-
cines, leads to the development of airway immunogenicity
against the pathogen with superior efficacy compared to sys-
temic vaccination.43 We can add to this, as more recently,
among the latest antigens and strategies tested, an assay using
the conserved surface exopolysaccharide alginate, a virulence
factor produced by mucoid strains, has been tried in mice44

and conferred protection after intranasal challenge. It was also
efficacious as a therapeutic vaccine. Previously, an assay was
performed in humans with O-polysaccharide conjugated to
toxin A and vaccinated children developed less chronic Pseudo-
monas lung infections than non-vaccinated children.45,46 An
element of alginate (polymannuronic acid) has also been conju-
gated to flagellin leading to protective efficacy in a mouse lung
infection model.47 Some P. aeruginosa antigens conjugated to
bovine serum albumin have also been tested in mice.48 How-
ever, despite more than 50 y of research efforts, a licensed vac-
cine against P. aeruginosa is still a long way off from being
available for CF patients.

With reference to the Burkholderia cepacia complex
(Bcc), several virulence factors associated with human infec-
tion were tested for their potential as vaccine candidates.49

Such an approach was undertaken by a group that sought
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