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The first description of asthma

The emperor asked, “ When a child in arms has a ‘wind
within” and fever, when its breathing is troubled and he
wheeezes while resting its shoulders, what is then the
condition of the pulse?”.

Ch’i Po answered: “ When there is trobled breathing and
wheezing while resting the shoulders, the pulse is large
full. When it is slow it means life; when it is rapid it mean
death... Those who do not rest and whose breathing is nois
have disorders in the region of the Yang Ming.”

- Huang Ti - (2698-2598 AC)

Veith I. The yellow emperor’s classic of internal medicine. Cambridge,
England: Cambridge University Press; 1966.




The main physiological feature

of asthma is episodic airway
obstruction _characterized by
expiratory airflow limitation. The
dominant pathological feature is
airway inflammation... (GINA 2008)
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In a normal bronchus (A), muscles are relaxed so that air easily travels through
the airway. But in asthma, the bronchial muscles can contract excessively (B),
often in response to an allergen or some other asthma trigger
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The bronchial walls, which always have some degree of inflammation in people
with asthma, become swollen and fill with excess mucus (A). Some of the cells
involved in inflammation of the airways are mast cells and eosinophils, which
release chemicals that cause the airways to narrow further (B).
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Time trends in asthma
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Figure 1. Changes in the Prevalence of Diagnosed Asthma and Asthma Symptoms over Time in Children
and Young Adults.

Eder W et al. N Engl J Med 2006
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What is asthma?

Asthma is a complex disease, and its incidence is
determined by an intricate interplay of genetic and
environmental factors.

Asthma is likely to be a syndrome rather than a one
disease entity.

Because there is no clear definition of the asthma
phenotype, researchers turn to characteristics that

can be measured objectively, such as atopy, airway
responsiveness and other measures of allergic
sensitization.

Genetics of asthma

It has been known for centuries that asthma clusters in
families.

The heritability estimates of asthma range from 36% to
75% [Koppelman GH 1999].

Difficulties in defining the disease and its phenotypes
were expected to be overcome by studying the genetics
of the disease. [von Mutius 2008]

The basic approach is to compare allele frequency of a
collection of cases to a set of controls [Weiss ST 2009].




Genetic study designs for
disease gene identification
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Measures of gene-disease association

‘ Genotype relative risk ‘
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False positive associations and
replication studies

— (i) False positive due to multiple testing.

— (i) False positive due to subgroup analyses or post h oc
data dredging.

— (iii) False positive due to systematic genotyping erro r.
— (iv) False positive due to population stratification o r other

| VE bbb

Study replication is crucial to establish the
reliability of a reported association.
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Up to now >120 genes
associated with
“asthma-related
phenotypes”

have been reported

Ober C et al. Genes Immun 2006




Susceptibility genes for asthma and asthma-related traits
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Vercelli D. Nat Rev Immunol. 2008
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Features of gene-disease association in
asthma related phenotypes

No single gene is an “asthma gene”_in all the studied pop ulations. Even the
most replicated genes (IL13, I1L4, IL4RA, CD14, ADRB2, TNF, ADAM33) failed to
show an association in many studies [Ober 2006]

The effect estimates (odds ratios) for most “asthma genes " range between 0.5
and]l.S indicating a week association between single g enes and asthma [weiss
2009

Allele frequency of many susceptible genes is quite high. One of the genetic

markers that is most strongly associated with the asthma ph enotype has a

freq]uency of 62% among asthmatics and of 52% among non-as thmatics [vercelli
8

2008].

There are many susceptible common genes for asthma,
each with an individual small effect on disease risk.

Types of replications in assessing
gene-disease associations

o Strict * Loose

— Unit of replication: allele — Unit of replication: genes
(or SNP)

— The same allele (or SNP) is — Other alleles or SNPs of the
associated with the disease same gene are associated in
in the same direction any direction

— The G-D association is — The G-D association is
evaluated in the same evaluated in different
phenotype (related) phenotypes

If a “strict criterion” is chosen, the number of asthma ge nes replicated

decreases drastically




The history of the association of CD14/-159 C/T
with the asthma/atopy phenotype

* CD14 is a gene on 5g chromosome that encodes a pattern recognition
receptor interacting with LPS, the endotoxin from GRAM neg ative bacteria.

« CD14/ 159T allele was originally associated with the pro  tection against atopy,
with respect to the CD14/159C allelic variant  (Baldini 1999)

» Subsequent studies in adults and children confirmed that t he T allele
decreased IgE, allergic/asthma symptoms with respect to t he C variant ( Guerra

» An equal number of subsequent studies showed the opposite : T increased
the risk while C protected against atopy.  (Vercelli 2008)

« Other studies failed to find any association between CD14/- 159 and atopy or
IgE levels or asthma (Kabesh 2004)

Opposite effects of CD14/-159 on specific IgE in children living with different levels
of microbial exposures

Eder et al JACI 2005




Gene-Environment interaction in
asthma and atopy

Vercelli D. Nat Rev Immunol. 2008

G-E interaction varies in asthma related
phenotypes

Fitted probability curves for allergic sensitization, eczema and non atopic wheeze at 5 years of age in relation to the endotoxin
load in children with CC, CT, TT genotypes in the CD14/-159 C to T gene

Simpson AJRCCM 2006
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A summary of evidence on asthma
genetics

« Many genes seem to contribute to the risk of developing asthma
with a small individual effect. However, it is likely that for any
particular phenotype there is a smaller number of genes that

account for most of the variation in risk.

« The identification of “true” asthma-related polimorphisms requires

that environmental influences be taken into account.

« The evaluation of the G-E interaction requires innovative studies

for a better assessment of relevant environmnental factors and of

different asthma phenotypes.

GENE- ENVIRONMENT INTERACTION
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Studies of Genes and Environment:
4 groups defined by genotype and exposure

COHORT STUDY: G+ E+ G+ E- G- E+ G- E-

Affected a b e f

Unaffected c d g h

Risk al/(a+c) b/(b+d) el(e+q) f/(f+h)

Relative risk RRg, = al(atc) RRg = el(e+g)
b/(b+d) f/(f+h)

Risk difference RD., = al/(a+c) — b/(b+d) RD.. = e/(e+qg) — f/(f+h)

Test for interaction: Is the effect of the exposure the same
in people with and without the high-risk genotype (G+)?

Multiplicative scale: No interaction implies RRG+= RRG-
Additive scale: No interaction implies RDG+= RDG-

A2 m
v

Ge‘%’rD G
AIMS

- To identify all rhinitis, asthma and COPD phenotypes  (plus a
control group) in pre-existing cohorts or new random samples from
the general population;

- To perform a multicentre (multi) case-control study on rhinitis,
asthma and COPD to evaluate the role that oxidative stress ,
environmental, dietary factors , and genetic traits play in the
occurrence and severity in each of these respiratory diseases;

- To produce multiple and historical standardized DBs and bio-
banks of clinical and functional traits, environmental risk factors,

life styles and dietary factors, DNA samples for future analyses to
be shared with other research teams.
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* | Screening

« Identification of probable cases of asthma, rhinitis, COPD/CB
and controls

* |l Phenotipization

« Clinical confirmation of “the four main phenotypes”;
measurement of oxidative stress and inflammation
biomarkers, atopic status, AHR, reported environmental &
early-life exposures, treatment and georeferentiation.

* |l Home Visits

« Objective environmental individual measurements (NO2,
ozone, formaldeyde, dust samples) and diet.

GEIRD-Screening

New Random samples (31/08/2009)

Centre Eligibles | Responders (%)
Ancona & | 3015 61.9%
Terni & |2811 59.1%
Pavia * | 4000 33.3% —»
Verona * | 3993 56.9%
Salerno * | 2792 53.7%
Sassari * | 4000 24.9%
Turin * | 4000 25.1% Pre-existing Cohorts (31/08/2009): in progress
Udine 4000 Just approved by EC Centre Eligibles Responders (%)
Palermo 4000 Start before dec.2009 Pavia 3145 waiting for funds
Total 32611 Verona * 3900 70.2%

Sassari * 2055 44.0%
& finished Turin 2266 waiting for funds
* in progress Total 11366
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GEIRD - stage Il (31/08/2009)

Centres*
Centre Enrollment Type
Full -Control- in progr
Verona u C'ase'Co o] progress
started in April 2008
Sassari Full Case-Control- in progress
started in june 2009
Turin Asthma cases/controls
— In Progress started in February 2009
TemilPg Full Case-Control - in progress
will start in September 2009
* Pavia, Ancona, Udine, Palermo, Salerno waiting for funds 27

Biological Samples
In GEIRD stage Il

Urine
Serum
Blood
Alveolar Air

Exaled Breath Condensate

N

28
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Measurement and tests in GEIRD
stage Il

* Weight, waist/hip measure, height, blood pressure,
saturimetry

« Blood count

« Methacoline challenge test

* Reversibility test

» Allergological test (SPT, RAST)

e Biomarkers of inflammation

* Biomarkers of oxidative stress

» Fractional Exhaled Nitric Oxide (FeENO)

e Chromatograms of alveolar air
* Genetic analyses (SNPs to be defined)
e 6MWT 9

N

29

Questionnaires
In GEIRD stage Il

e Screening

 Clinical questionnaire (ECRHS modified)
e SF-36 (‘Quality of life’)

» Asthma control test (ACT)

« St. George’s respiratory questionnaire

« MRC dyspnoea scale

* Rhinasthma

» Occupational modules (ECRHS)

w

30
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Departure of the Winged Ship" by Vladimir Kush
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