


Asthma as a Clinical Syndrome

® Asthmatics harbor a special type of inflammation in the airways th
at makes them more responsive than non-asthmatics to a wide ran
ge of triggers, leading to excessive narrowing with consequent reduc

ed airflow and symptomatic wheezing and dyspnea.

® |t has proved difficult to agree on a definition of asthma, but there
is good agreement on the description of the clinical syndrome an
d disease pathology. Until the etiologic mechanisms of the disease a
re better understood, it will be difficult to provide an accurate definiti

on.
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Risk Factors

® Obesity
® Acetaminophen (paracetamol) consumption in childhood

® Staphylococcal enterotoxins

¢ increased local production of IgE in the airways

® Stress



Combination of Both Genetics and
Environmental Exposures

Genetics Early Environment/epigenetics
Susceptibility allergic Prenatal influences,
assoclated phenotypes: disease allergens, respiratory
(atopy, skin barrier, lung |, infections, tobacco
function, BHR) smoke, air pollutants,
expression and progression: diet, lung development,
severity, etc.
pharmacogenetics

Chronic persistent disease

Disease heterogeneity and severity

Lancet Respir Med 20714, 2(5):405—415



Importance of Early Life Events

EPIGENETICS

ENVIRONMENT
GENETICS 4 » [ and lifestyle ]
Mechanism of interaction
Modified early gene expression

(DADAPAD D
[ RISK FACTORS and
FETAL PROGRAMMING OPPORTUNITIES
—, (structure and function) :
STRESS AND Altered health outcomes for prevention
ENDOGENOUS RESPONSE and risk of future disease - Nutrition and diet
as a multisystem - Smoking, alcohol,
risk factor throughout life other toxins and pollutants
(HPA, neuro-lmlmune-e‘ndocnne- -Activity patterns
vascular interaction) (exercise/sunlight)
= -Microbial exposure
-Pharmaceutics
L (risks and preventives)
ONGOING PROGRAMMING MULTISYSTEM
Physiological, structural, immune, life course influences
/ metabolic, and behavioral responses \ (relevant to all disciplines)
</ 1\

Brain and

Metabolic and
behavior

cardiovascular health [ Complex interactions and
multisystem effects

Musculo-
skeletal health

University of Western Australia DOHaD Consortium, Perth, Australia, 2012

Senses and
systems

Inflammation
and immunity



Volatile organic compounds and risk of
asthma and allergy: a systematic review

Ulugbek B. Nurmatov', Nara Tagiyeva?, Sean Semple?, Graham Devereux?
and Aziz Sheikh'-%*

® Systematic review

® 53 studies were included.

® Aromatics (i.e. benzenes, toluenes and xylenes), formaldehyde

® The available evidence implicating domestic VOC exposure
in the risk of developing and/or exacerbating asthma and allergy is

of poor quality and inconsistent.

Nurmatov UB, et al. Eur Respir Rev 20715:24:92-101.



Asthma and lower airway disease

Menopause as a predictor of new-onset asthma:
A longitudinal Northern European population study

Kai Triebner, MSc,? Ane Johannessen, PhD,? Luca Puggini, MSc,? Bryndis Benediktsdéttir, MD, PhD,°

@ The Respiratory Health in Northern Europe study

€ women aged 45 to 65 years at follow-up, without asthma at baseline,

and not using exogenous hormones (n = 2322)

@ Logistic (asthma) and negative binomial (respiratory symptoms) regressions, adjusting for

age, body mass index, physical activity, smoking, education, and study center

Triebner K, et al. Journal of Allergy and Clinical Immunology 2016,137:50-7.e6.
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FIG 2. New-onset asthma according to change in menopausal status FIG 3. Change in number of respiratory symptoms according to change in
(n = 2322). The size of each circle is proportional to the number of persons menopausal status (n = 2322). The size of each circle is proportional to the
in each group. number of persons in each group.

Triebner K, et al. Journal of Allergy and Clinical Immunology 2016,137:50-7.e6.



Fish Oil-Derived Fatty Acids in Pregnancy
and Wheeze and Asthma in Offspring

Hans Bisgaard, M.D., D.M.Sc., Jakob Stokholm, M.D., Ph.D.,

100+

. ® 736 pregnant women at 24 weeks
Hazard ratio, 0.68 (95% Cl, 0.49-0.95)

P=0.02 of gestation to receive 2.4 g of

n—3 LCPUFA (fish oil) or placebo

(olive oil) per day.

754

Risk of Persistent Wheeze or Asthma (%)

50
Placebo A relative reduction of 30.7%.
25
A reduced risk of infections
of the lower respiratory tract
0

(31.7% vs. 39.1%; P=0.033),

Age (yr)

No significant association with
Figure 1. Risk of Persistent Wheeze or Asthma in
Children According to n—3 LCPUFA Supplementation

or Placebo during Pregnancy. allergic sensitization
LCPUFA denotes long-chain polyunsaturated fatty acids.

asthma exacerbations, eczema, or

Bisgaard H, et al. New England Journal of Medicine 2016,375.:2530-9.



Adverse childhood experience and
asthma onset: a systematic review

Daniel Exley, Alyson Norman and Michael Hyland

¢ adverse childhood experience (ACE) refers to traumatic stressors in the form of physical,
emotional or sexual abuse, neglect, negative life events or household dysfunction manifesting

as inter-partner violence exposure, household substance abuse, mental illness or incarceration

©® 12 prospective studies, assessing data from a total of 31 524 individuals

® The results of this systematic review indicate that exposure to perinatal or early-life
stress significantly increases the risk of asthma onset alongside elevating levels of
asthma-relevant biomarkers.

® There is emerging evidence of a synergistic effect in which high stress combines
with environmental exposures resulting in asthma onset.

Exley D, et al. Eur Respir Rev 2015,24.299-305.



Associations of Early Life Exposures and ) cosvin
Environmental Factors With Asthma

Among Children in Rural and Urban
Areas of Guangdong, China

Mulin Feng, MD,; Zhaowei Yang, PhD; Liying Pan, MD, Xuxin Lai, PhD,; Mo Xian, MD, Xiafei Huang, MD; Yan Chen, MD,
Paul C. Schroder, PhD,; Marjut Roponen, PhD, Bianca Schaub, MD,; Gary W. K. Wong, MD, and Jing Li, MD

@ A screening questionnaire survey in 7,164 children from urban Guangzhou

and 6,087 from rural Conghua.

TABLE 5 | Multivariate Logistic Regression Analyses Between Selected Factors and Asthma

Multivariate Analyses”
Variable® OR* 95% (I P Value
Case-control study model
SPT to any allergens 1.91 1.58-2.29 < .001
Parental allergic diseases 2.49 1.55-4.01 < .001
Hospitalization due to lung infections (age < 3 y) 2.54 1.37-4.70 .003
Crop farming (age < 1 y) 0.22 0.12-0.43 < .001
Consumption of milk products (= 3 times/week) 1.68 1.03-2.73 .038
Dust analysis model
Endotoxin (> 2,267.8 EU/m?) 0.69 0.50-0.95 .021
Der f 1 (between 0.02 and 1.6 ug/m?) 1.71 1.34-2.19 < .001

Feng M, et al. Chest 2016;149:1030-41.



Urbanisation but not biomass fuel smoke exposure
is associated with asthma prevalence in four
resource-limited settings

Chelsea Gaviola,' Catherine H Miele,' Robert A Wise,' Robert H Gilman,?
€ 2953 participants (mean age 55 years; 49% male) in Peru

Table 5 Factors associated with greater asthma prevalence across four sites in Peru

Single variable Multivariable

n=2953 OR 95% ClI p Value OR 95% ClI p Value
Age (per 10 years) 1.02 (0.91 to 1.14) 0.71 1.03 (0.90 to 1.18) 0.68
Male vs female sex (female as reference) 0.62 (0.47 to 0.83) 0.001 0.60 (0.39 to 0.93) 0.02
Height (cm) 0.97 (0.96 to 0.99) <0.001 1.01 (0.98 to 1.03) 0.582
High altitude vs sea-level (sea-level as reference) 0.29 (0.19 to 0.42) <0.001 0.26 (0.16 to 0.42) <0.001
Smoking per 10 pack-years 0.94 (0.68 to 1.16) 0.62 0.99 (0.73 to 1.22) 0.93
BMI (kglmz) 1.05 (1.02 to 1.08) <0.001 1.02 (0.98 to 1.05) 0.35
Urban vs rural (rural as reference) 3.86 (2.78 to 5.47) <0.001 4.72 (3.15 to 7.23) <0.001
Family history of asthma 2.72 (1.81 to 3.98) <0.001 1.83 (1.19 to 2.73) 0.004
Hypertension 1.36 (0.97 to 1.87) 0.07 1.24 (0.85 to 1.79) 0.27
Daily vs other biomass fuel usage 0.43 (0.29 to 0.63) <0.001 1.18 (0.70 to 1.91) 0.51
High wealth index 1.26 (0.94 to 1.68) 0.11 0.80 (0.54 to 4.02) 0.16

BMI, body mass index.

Urbanisation is an environmental risk factor of asthma (OR=4.72, 95% Cl 3.15 to 7.23)

Current daily exposure to biomass fuel smoke (OR=1.18, 95% ClI 0.70 to 1.91)
were not associated with asthma

Gaviola C, et al. Thorax 2016,71.154-60.



Body fat mass distribution and interrupter

® CrossMark

resistance, fractional exhaled nitric oxide, and
asthma at school-age

Herman T. den Dekker, MD,*P Karen P. I. Ros, MSc,*"* Johan C. de Jongste, MD, PhD, Irwin K. Reiss, MD, PhD,

Association with
respiratory
resistance

§ Positive
Vdation
Positive\
Body mass

association
index

Positive
association

-~

Fat mass
index

3 .

Association with
wheezing

Association with
Fractional exhaled
Nitric Oxide

Positive
association

0

Pre-peritoneal fat

Subcutaneous fat » No

association
Android/gynoid
ratio

Negative
association

l

den Dekker HT, et al. J Allergy Clin Immunol 2017:139:810-8.e6.



Incident asthma and Mycoplasma pneumoniae:
A nationwide cohort study

Jun-Jun Yeh, MD,*?* Yu-Chiao Wang, MSc,*® Wu-Huei Hsu, MD,® and Chia-Hung Kao, MD"®

and Taichung, Taiwan

o
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Yeh 1), et al. J Allergy Clin Immunol 2016,137:1017-23.¢eé6.



Early life rhinovirus wheezing, allergic
sensitization, and asthma risk at adolescence

Frederick J. Rubner, MD,?® Daniel J. Jackson, MD,? Michael D. Evans, MS,° Ronald E. Gangnon, PhD,*¢

€ A total of 217 children, followed prospectively from birth to age 13 years

Adjusted for Wheeze with

A Unadjusted B RV, RsvV, PIV, Flu, CoV, MpV, AdV, EV

Odds Ratio for Asthma
N
o
|
|
N
o
Odds Ratio for Asthma

0.5 /|—4— RV Wheeze First Three Years —A— RV Wheeze First Three Years — 0.5
—o— RSV Wheeze First Three Years —o— RSV Wheeze First Three Years

| T T l | | T T
6 8 11 13 6 8 11 13

Age (Years) Age (Years)
Rubner FJ, et al. J Allergy Clin Immunol 2017:139:5017-7.
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—A—— Sensitized by age 1y (13% of cohort)
——m——  Unsensitized by age 1y but sensitized by age 5y (32% of cohort)
—&—— Unsensitized by age 5y (55% of cohort)

Rubner FJ, et al. J Allergy Clin Immunol 2017:139:507-7.
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Cell Host & Microbe

The Infant Nasopharyngeal Microbiome Impacts
Severity of Lower Respiratory Infection and Risk of
Asthma Development

2,6, 12 month “healthy” S

Respiratory illness (15t yr)

==p Nasopharyngeal samples == Microbial profiling

) Virus (PCR)

‘**-Lr\i“) Bacteria (16S seq)

1t YEAR

Respiratory health

Staphylococcus
Corynebacterium
Alloiococcus

Upper resplratory illness

RSV HRV
—— ﬂu

treptococcus
Moraxella
Haemophllus

Lower resplratory illness
% F . HRV)
— (inflammation)

i

2" YEAR

Allergic Sensitization

5-10 YEARS

Chronic wheeze (asthma)

@ The nasopharynx (NP) microbiome
during the critical first year of life
in a prospective cohort of 234
children, capturing both the viral
and bacterial communities and
documenting all incidents of acute

respiratory infections (ARIs)

Teo SM, et al. Cell Host Microbe 2015,17:704-15.
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Teo SM, et al. Cell Host Microbe 2015,17:704-15.




Pathways to Persistent Wheeze

commensal upper respiratory birth
bacterial sp viral infection aeroallergen
exposure
athogenic
P g —-——@——; spread l
bacterial sp : =F )
I sensitization infancy
| |
| | L
| |0wer reSplratory persistent
| viral infection exposure
! |
. ) ]
airways __®_, airways airways
inflammation inflammation inflammation
' ) )
I
: intermittent intermittent preschool
I wheeze wheeze
|
|
|
|
|
‘l’ \4 A\
Persistent airways inflammation/persistent wheeze Scahgoeo'

Holt PG. J Allergy Clin Immunol 2015,7136:15-22.
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Huang Y), et al. J Allergy Clin Immunol 2017:139:71099-110.



Lung Microbial Dysbiosis in Asthma

Air pollution
Antibiotics
Corticosteroid therapy : Poor clearance
Infections — Environment ———p Ciliary damage
Cigatette smoke Sedation
Allergens “' Microaspiration < Reduced cough reflex
Breast feeding Laryngeal dysfunction
Exposure to animals Gastroesophageal reflux
Living on a farm Impaired innate immunity
tTemperature tProteobacteria:
t Nutrients - > Haemophilus, Klebsiella, Neisseria, Moraxella
Selective bacterial growth tFirmicutes: Pathogen-associated molecular
Selective clearance Streptococcus — pattern (PAMPS)
tActinobacter Structural components

(Flagellin, Lipoteichoic acid)

‘\:/ e A: ’\. 4 Bacterial products

LR ENAY FA Y FAN) BANN Y (Peptidoglycan,

,:' Polysaccharide A)
Asthma exacerbation N Macrophage ILC Lup g inﬂammat::on
Chronic airflow obstruction Dendritic cell Neutrophll B cell Dendritic cell activation

Innate lymphoid cell (ILC3) activation
Epithelial barrier function
tTh2 function

Corticosteroid insensitivity tMucus production

tVascular permeability
tCytokines

tInflammatory cell recruitment
tTh17 recruitment

Initiating allergic asthma

Chung KF. J Allergy Clin Immunol 2017:139:1077-81.



Gut-Lung Axis

Good clearance mechanism
Normal ciliary function

Inhalation

[ AIRWAY-LUNGS |

Microaspiration

Normal microbiome
Proteobacteria
Firmicutes
Actinobacter
Fusobacterium

Bacteroidetes
Innate immune response
eg Innate lymphoid cell type 3 (ILC-3)
Bacterial ligands (e.g. Lipopolysaccharide) Acquired immune response
Bacterial metabolites (e.g. Short chain fatty acids) > eg T helper cell-dendritic cell interaction to
Migratory cells (e.g. T cells) generate inhibitory T, cells

Chung KF. J Allergy Clin Immunol 2017:139:1077-81.



Aberrant IgA responses to the gut microbiota @CmMaﬂ(

during infancy precede asthma and allergy
development

Majda Dzidic, MSc,?*® Thomas R. Abrahamsson, MD, PhD,® Alejandro Artacho, BSc,° Bengt Bjorkstén, MD, PhD,?

Children developing
allergic symptoms at
age 7

=20
Stool samples c:rl "

collected at 1 anii 12 months of age

| | |
Cell Fixation on Formaldehyde DNA extraction ELISA assay

IgA

Healthy children
n=28

gPCR with universal
bacterial primers

Anti-li Labeling ‘ ‘

Total Total
bacterial load IgA levels
<% ‘
N
» 1]
| -'r A ’ _ } The proportion of
/ ’ ) ; 7| 1gA-coated bacteria
> J e
) » " " e

Fluorescent Labeling

IgA+  IgA-
)
I
- - “ Gut microbial
= J .g .
T, E ; composition
DNA PCR Pyrosequencing
extraction 16S rDNA 454 Titanium Roche

Dzidic M, et al. J Allergy Clin Immunol 2017:139:1017-25.e14.



Aberrant IgA responses to the gut microbiota @CmsMark
during infancy precede asthma and allergy
development

Majda Dzidic, MSc,?*® Thomas R. Abrahamsson, MD, PhD,® Alejandro Artacho, BSc,° Bengt Bjorkstén, MD, PhD,?
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Aberrant and reduced IgA responses to the gut microbiota during infancy

precede development of asthma and allergic disease during the first 7 years of life.

Dzidic M, et al. J Allergy Clin Immunol 2017:139:1017-25.e14.



Gut microbiota metabolism of dietary fiber influences
allergic airway disease and hematopoiesis

Aurélien Trompettel, Eva S Gollwitzer!, Koshika Yadaval, Anke K Sichelstiel!, Norbert Sprenger?,
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A high-fiber diet decreased susceptibility to allergic airway inflammation in mice
Trompette A, et al. Nat Med 2074,20:159-66.



Maternal diet> I Nutrition and energy balance I

Gestational age >
Bithweight Mechanisms Leading to

cchugowtn _—— Increased Risk for Asthma
Early increased weight gain>

Nutrition/Diet

Air pollution, Tobacco exposure, environmental asthma triggers >
Microbiom developrrb I Environmental factors I
Lung development  T——

Immune development >
Estrogen, Gender effects >

Developmental
factors

Hormones (e.g. HGH, Leptin) .
Behavioural Activity >
factors
Psychosocial factors, lifestyle >
| | I <
| | | ~ hee
Prenatal Early postnatal Childhood Adulthood

Frey U, et al. Allergy 2015, 70:26-40.



Asthma Triggers

® Environmental factors that worsen asthma in a patient

with established disease

® Allergens

® Virus infections

® Exercise

® Pharmacologic agents
® Physical factors

® Food and diet




Asthma Triggers

® Air Pollution

® Occupational Factors

® Hormones

® Gastroesophageal Reflux

® Stress



ORIGINAL ARTICLE

Cured meat intake is associated with worsening
asthma symptoms

Zhen Li,"**3 Marta Rava,'* Annabelle Bédard, "% Orianne ’

# Using data from the French prospective EGEA study g X
(baseline: 2003-2007; follow-up: 2011-2013) -

€ a mediation analysis in the counterfactual framework, a marginal structural model (MSM)

Y

Age, sex, smoking status, BMI at EGEA2
educational level, physical (mediator)
activity, dietary patterns, total / \
energy intake, asthma status

at EGEA2 Cured meat intake Change in asthma symptoms
. at EGEA2 -> between EGEA2 and EGEA3
(potential confounders ) (exposure) (outcome)

Li Z, et al. Thorax 2017:72:206-12.
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Indirect effect
mediated through BMI

Direct effect

a positive direct effect of cured meat intake on worsening asthma symptoms (multivaria
ble OR=1.76, 95% Cl 1.01 to 3.06 for >4 vs <1 serving/week)

indirect effect mediated by BMI (OR=1.07; 95% Cl 1.01 to 1.14), accounting for 14% of t
he total effect.
Li Z, et al. Thorax 2017:72:206-12.



Contents

Cellular & Molecular Mechanism




Inflammatory Cells

Mast cells

Macrophages And Dendritic Cells
Eosinophils

Neutrophils

T Lymphocytes

Structural Cells

No key cell that is predominant



Inflammatory Mediators

® Cytokines

® Chemokines

® Oxidative stress
® Nitric oxide

® Transcription factors



Generation of Type 2 Immune Response

Activation stimulus (oxidant, virus, allergen)

2222 2220 )22 2222 2222 2222
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oo%
Co
‘o @ O
Lymph

node Mast Basophil ILC2

BT

Blood /

Locksley RM: Asthma and allergic inflammation. Ce// 140(6):777-783, 2010.




Eosinophilic Airway Inflammation

Qbooos
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< Allergic eosinophilic airway inflammation ) ‘ Nonallergic eosinophilic airway inflammation D

Lambrecht BN, Hammad H. The immunology of asthma. Nature immunology. 2015;16(1):45-56.




Three Different Types of
Chronic Airway Inflammation
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@ neutrophil
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asthma asthma asthma

Brusselle G, et al. Annals of the American Thoracic Society 2074;71:5322-58.



Regulatory T cell

induction of IgG4

suppression of IgE
Y~

Suppression of Th2 cell homing to tissues
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Endothelial cells
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Th2 cytokines

AN
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/
A 7

Direct and indirect suppressive effects on mast cells, basophils and eosinophils

Akdis M, et al. J Allergy Clin Immunol 20714;733:627-317.



Mechanisms Involved in Sensitizer-Induced
Asthma and Irritant-Induced Asthma

Sensitizer-induced asthma

LMW agent

HMW agent .‘.
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Tarlo SM, et al. New England Journal of Medicine 20743 70:640-9.



% V|ruses
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Innate Immunity and Asthma Risk in Amish and Hutterite
Farm Children

Michelle M. Stein, B.S., Cara L. Hrusch, Ph.D., Justyna Gozdz, B.A., Catherine Igartua, B.S., Vadim Pivniouk, Ph.D.,

Table 1. Demographic and Clinical Characteristics of the Study Populations.*
Amish Hutterite

Characteristic (N=30) (N=30)
Age (yr)

Median 11 12

Range 8-14 7-14
Girls (no.) 10 10
Sibships (no.) 15 14
Children with asthma (no.) 0 6
Positivity for allergen-specific IgE (no.)

>0.7 kUA/liter 5 9

>3.5 kUA/liter 2 9
Serum IgE (kU/liter)

Median 21 64

Interquartile range 10-57 15-288

Stein MM, et al. New England Journal of Medicine 2076,375:4717-21.



A SNP Analysis of Genetic Association

+ Amish « Hutterite -« Basque < French - North Italian e Russian

» Russian Caucasus - Sardinian < Scottish « Tuscan

20—
] ‘. F)
o o
L] '. L} o'.' *® :l
~ .* REEE . .
(@) 0+ . ¢ L ]
o ¢ o
N .
e o
. °
_20_
°
® .:.o
o‘.‘:.

T T T T T T
-30 -20 -10 0

B Endotoxin Levels in Airborne Dust

20,000+

15,000

EU/m?

10,000+

5,000

P<0.001

+

Amish
Homes

Hutterite
Homes

Stein MM, et al. New England Journal of Medicine 2076,375:4717-21.



A Cell Proportions of Peripheral-Blood Leukocytes
Neutrophils Eosinophils Monocytes
P=0.006 127 P<0.001 . P=0.28
= = o =
I3 & i
8 % 8
= @ i M 2
o 601 w6 g
2 (7] J .
-1 + <+ .
2 2 =
b S 3 S 1
Yo 401
0 0 0
Amish Hutterite Amish Hutterite Amish Hutterite
B Cell-Surface Markers on Neutrophils
CXCR4 CD11b CDl1l1c
P<0.001 15,000+ P<0.001 . P=0.004
* 600
600+ 12,0004
' . 500
9,000+ 400
g
. 6,000 * 3001
200+ + 3000 200+
Rl 100+
- : 0 - - 0 - -
Amish Hutterite Amish Hutterite Amish Hutterite
C Cell-Surface Markers on Monocytes
HLA-DR ILT3
40004 P=0.004 2500 P=0.004
*
— . — 1500
S 2000 . s
1000+
10004
500
0
Amish Hutterite Amish Hutterite

Stein MM, et al. New England Journal of Medicine 2076,375:4717-21.



T T T T T T
0 0.25 0.50 1.00 2.00 4.00

A BALB/c
-+~ PBS -+~ OVA -+ OVA- -+ OVA-

g Amish Hutterite
w

—-— .

= 20

e~

3

S 154

% P=0.04
£

S 104

g

s P=0.007
B 5

3

o

>

& 0

2

<

BAL Cells (%)

Acetylcholine (ug/g mouse)

[ PBS [ OVA W OVA- W OVA-

Amish  Hutterite
100+
754 NS
—
50 P<,0_.?01
254
0—e &
=3 = -3.%0"
& & N
& Ny &
QIO e@ Q"b

B wild Type C57BL6
-+~ Saline -+~ OVA -+= OVA-Amish

3

—-—

£ 104

2

z 8

—

° P=0.03
- 0.0
S

o

%

e 2-

&

:; 0| T T T

g 0 10 30 100
<

Methacholine (mg/ml)

[ Saline W OVA M OVA-Amish

P<0.001
10 o

~
w
L

P<0.001
[l

BAL Cells (%)
2

[
wv
1

C C57BL6 MyD88 Knock Out
-+~ Saline -+~ OVA -+- OVA-Amish

3 |NS

o

T T T
0 10 30 100

Methacholine (mg/ml)

Airway Resistance (cm of water/ml/sec)
(=]
1

[ Saline W OVA W OVA-Amish
P=0.02
—

100+

~
v
|

BAL Cells (%)
v
S
1

D C57BL6 MyD88-TRif Knock Out
-+~ Saline —+~ OVA -+ OVA-Amish

3

—_—

E 101

£

2 8 | NS
s

E 6

= i
o

E 2

7] — =

&

(’ﬂ\ 0| T T T
g 0 10 30 100
<C

Methacholine (mg/ml)

[ Saline W OVA W OVA-Amish

100+

BAL Cells (%)
v ~
o v
| |

[
v
|

Stein MM, et al. New England Journal of Medicine 2076,375:4717-21.




Innate Imm

Low level of inflammation

TNF * Interleukin-1

Protection from allergic asthma Allergic asthma

nity in Asthma

w,_
- --—-IVGV 0*\% ’o,.;;;}-<\

Chatila TA. New England Journal of Medicine 2076,375:477-9.



Contents

Pathology and Pathophysiology



Effects of Inflammation

Airway epithelium
Fibrosis

Airway smooth muscle
Vascular responses
Mucus hypersecretion
Neural regulation
Airway remodeling

Airway hyperresponsiveness
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Airway Epithelium
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Conclusion

® Asthma shows heterogeneity in other clinical characteristics inc
luding severity and response to treatment. The clinical heterog
eneity of asthma may be explained by different underlying m

echanisms.

® The most common immunopathology in asthma is type 2 infla
mmation initiated by upstream events in the airway epitheliu

m involving epithelial cytokines such as IL-33.

® local type 2 cytokine secretion drives a cascade of downstrea
m events, including IgE-mediated hypersensitivity, activation of
airway epithelial cells, chemoattraction of effector cells (mast
cells, eosinophils, and basophils), and remodeling of the epith

elium and subepithelial matrix.
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