Defining Asthma: Clinical Criteria
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Defining Asthma:
Bronchial Hyperresponsiveness

Impaired Ventilation in Asthma
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From: Klarreich, Nature 424:873, 2003

Dynamic Imaging of Asthma

Post-treatment

Pre-treatment

Mucus Plugging is a Prominent Feature of
Moderate to Severe Asthma

/) /. SR T S TR Moot I
'/ ‘ k& e ﬂ!t‘ WQ
.e ‘e ;

X

From: Bousquet et al., Am. J. Respir. Crit. Care Med., 161:1720, 2000

1989:

Some Landmarks in the History of
the Immunology of Asthma*

Early genetic mapping assigns chromosome 5q to the
“cytokine gene cluster.”

Early 1990s: Asthma is an inflammatory disease.

1990:

1992:
1997:

2000:

Upregulation of ICAM-1 and LFA-1, adhesion

molecules, in a primate model of asthma

T2 bias of lymphocytes in asthma

Experimental support grows for the “Hygiene hypothesis,”
first proposed in 1989.

Role of Tregs in regulation of asthma

*Highly biased view




Nature of Inflammatory Cells in
Biopsies From Airways of Asthmatics
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From: Ollerenshaw and Woolcock., Am. Rev. Resp. Dis. 145:922, 1992

Defining Asthma: Pathological Features
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From: Bousquet et al., Am. J. Respir. Crit. Care Med., 161:1720, 2000

Pro-survival and Metaplatic Pathways
to Goblet Cell Production
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From: Cohn, Am. J. Clin. Invest, 116:306, 2006

Tissue "Compartments” in Asthma

Adhesion Molecules ICAM-1 and LFA-1 in
Experimental Asthma

From: Wegner et al., Science 247:456, 1990

Asthma and the Immune Response




Early- and Late-phase Allergic Reactions

® Cato-phase reacton
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Presence of Degranulated Eosinophils in
Asthmatic Airways

From: Bousquet et al., N. Engl. J. Med. 323:1033, 1990

Eosinophils and Asthma
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From: Wills-Karp and Karp, Science 305:1726-1729, 2004

Asthma as a T,;2-dominated Disease

First Recognition of a T2 Bias in
Lymphocytes Obtained by BAL in Asthmatics
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From: Robinson et al., New Engl. J. Med. 326:298,1992

Emergence of T, 1 and T2 Cells
from Naive Precursors
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From: Elias et al., J. Clin. Invest. 111:291, 2003




STAT-6 Signaling Pathways
Leading to the Asthmatic Phenotype
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From: Elias et al., J. Clin. Invest. 111:291, 2003

Defective Innate Immunity to
Rhinovirus Infection in Asthmatics
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From: Wark and Gibson, Thorax 61:909, 2006

Potential Drug Targets in Asthma
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From: Barnes, Nature Reviews Drug Discovery 3:831,2004

Understanding the Immunology of Asthma
Leads to Insights Into Novel Therapeutics
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From: Barnes, Nature Reviews Drug Discovery 3:831,2004

Who Gets Asthma?

- The Inverse Association Between Tuberculin
Responses and Atopic Disorder
Taro Shiakawa, Taco Ercmat




Fig. 1. Delayed hypersensitivity to tuberculin
(DHT, in millmeters) and relation to serum IgE. (&)
Histogram showing bimodal distribution of re-
sponses to tubercun, assayed as DHT at 12
years of age in 867 Japanese schoolchildren. ()
Piot of og(total serum IgE) versus DHT inthe same
0492, P < 0.001).

From: Shirakawa et al.,
Science 275:77, 1997 chidren (=
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Table 1. History of E lovels, profiles in sublects
gmupsdtrylubefmh reactivity. ASE, llergen-specifc aE U undetectatie,

Group 1 Group2 Group3 Group 4 -
Measuremer GOR) g oD oo Toan =)
Tuborouin response
oyears - - + +
A T35 -+ + N
Postiean il ety 34
834 872 845 813 843
Cvickan pox. mlemy b vsochs) 86.9 823 822 827 839
Mumps (history + vaccine) 628 609 601 573 610
Number with IgE to Ascaris 2 2 ] 1 7
Symptoms (%)
‘Atopy (past + present) 468 3 2584t 7
Atopy (present) 821 79t 9. 07 185
Asthma (past + present) 134 414 3.7 6.8 7.4
Rinlis (past + presen) 162 48%  86f 146 104
Eczema (past + present) 227 128t 122 160 162
Geometric mean IgE (U/m) 208 149" @8 178 154
Positive. 558  430% 4181 533 482
‘Atopic (nigh IgE or positive 655 540f 492t 613 573
ASE) (%)
Median cytokine level (og/mi)
IL-4 1.88 0.961 0921 1.66 1.22 (10.2-UD)§
113 183 102fft 78ttt 191  142(456-UD)
IL-10 59 3111 29t 59 3.9 (10.2-UD)
IL12 u uw w
IFN-y 78 110t 132 64 105(282:UD)
Positive family history within 541 498 498 480 510
three generations (%)
Mean BMI 211 220 219 212 216
*P < 0.01, **P < 0.001 on’ 1P <0.06, HP<DD| mP<0001m|hebmsoh
mediantest. 1P < 0.05, SS‘P<001 ??W<0m‘m\hlb&ﬂ0ﬁ:’ 1, respectively.  §Maximum-

minimu values.

et al., Science 275:77, 1997

Table 2. Odds ratios for atopy and for occurrence and remission of atopic symptoms in positive
wversus negative tuberculin responders by age. Multiple logistic analysis was conducted with the
SPSSX package, version 2.2.
sex, life-style, nutritional status, environmental factors, and family history. Only significant values are

shown.
Odds ratio
Tuberculin response Atopic symptoms
Atopy
Occurrence
Conversion to 0.50 Asthma: 0.31 : 8.2
postive up to 6 02910 0.83)" 10.22 to O 45)‘ 6.0t0 9.8
years of age Eczema: 1.6
(033t0091)' (1 0&022)'
Conversuon to 043 Asthma: 0.42 Asthma: 6.
(0.25 0 0.83)" {0.24 10 0.56)" (. a to 10 3)"'
6 and 12 years 01 age
(8. s to 11 Ay
Rhinitis: 9.0
(6.2t0 1420
P <005, ™P < 0.01, ™P < 0.005.

From: Shirakawa et al., Science 275:77, 1997

Environmental Influences and Asthma:
The Hygiene Hypothesis
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Asthma, rhinitis, other respiratory discases

Hay fever and asthma in relation to
markers of infection in the United States
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Paradox:
Why Does Chronic Infection with Helminths
Not Predispose to Allergy?

Skin prick tested children
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Vaccines, hygiene IgE IL-13 Helminth infections:
and antibiotics: \r T2 strong stimulation of
little Ty41 stimulation, @ L Ti2 responses.
increase in Tis2.
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High exposure to pathogens:
strong regulatory network

X J

Low exposure to pathogens:
weak regulatory network

Inflammatory molecules
——— Mucus production

Allergic responses:
Asthma,
Rhinoconjunctivitis

Seropositive for
allergens: but

litle allergic disease
‘Smooth muscle cell contraction

etal,, Science 296:490, 2002




An Alternative to the Hygiene
Hypothesis: Regulatory T-cells

Immunotherapy of Atopic Diseases:
a Role for Tregs?
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Following 2-year grass pollen immunotherapy (d osed circles), there were significant increases in
(A) dlergen-stimuated PBMC production of IL-10; (B) serum concentrations of grass pollen
allergen-spedfic IgG4; and (C) seruminhibitory activity for alergen-IgE binding to B cells
compared with controls (open cirdes). These changes were accompanied by a reduction in
symptoms and inhibition allergen-induced |ate cutaneous response.

From: Robinson et al., J. Clin. Invest 114:1389, 2004

Chemokines: the Gatekeepers of
Inflammation

The Role of Regulatory T-cells
in Modifying T,,2 Immunity
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Nature Rev. Immunol. 3:733, 2003

Regulatory T-cells (Tregs) in Asthma
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From: Robinson et al., J. Clin. Invest 114:1389, 2004

Chemokines Direct Traffic
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From: Luster, Curr. Opin. Immunol. 14:129, 2002




Chemokine Receptor Specificity
in T,2 Cells and Eosinophils

Potential Drug Targets in Asthma:
Chemokines and their Receptors

Aetivation MCP-15 MOC.
Eotadn-1, 2,3 |
CCR1, MCP4. / {\ TARC
/ CcR3 ) ccre CCR4
p & P i
o D/
© D ( w
o % \ ‘A )/
< = S eon h
wl il
v Zool  Masteol Menecyte cot st co Teel
(aeon CCR3 antagonists. COR2 antagonists. | coRa artagonists.
Met-RANTES CCRB antagonists.
UCB ase2s
58328437

From: Barnes, Nature Reviews Drug Discovery 3:831,2004

Inflammatory Mediators as
Novel Drug Targets

Lipid Mediators in Asthma:
LTB,, PGD,, LTC,
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From: Luster and Tager Nature Reviews Immunol. 4:711, 2004

Biological Activities of LTB, and PGD,

From: Tilley and Boucher J. Clin. Invest. 115:13-16 (2005)

Adenosine Receptors
as Drug Targets in Asthma




Pro- and Anti-inflammatory
Activities of Adenosine in Asthma
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From: Tilley and Boucher
J. Clin. Invest. 115:13-16 (2005)

Pharmacogenetics:
The Future of Asthma Therapeutics?

Summary of Genes Associated With Atopy

w0 o ]

Howa o

o o il

e Im a

i

we o i

ey 3 i

0 &

i

o o P —— &

ey s &

g : &

we b &

wim - 6

&

we 4

&

o

b

by

b4l

- ol

b4

il

b

el

o0 b

. ia o

P bt

wr g 60

bR < &l

&

e e ™

s o4

A &

ama s ol

e - w1

i H &

ety &

e e b=

s e o1

From: Halapi and L o

Hakonarson, sorzs o s
Curr. Opin. Pulm. o o

Med. 10:22, 2003

Summary

Asthma is a chronic disease of the airways characterized by reversible airway
obstruction, bronchial hyperreactivity, chronic inflammation, and mucus hypersecretion.

The allergic response is characterized by an early phase, dominated by degranulation of
mast cells, followed by a late phase, involving T cells and eosinophils.

Asthma is accompanied by up-regulation of leukocyte adhesion molecules and the
presence of multiple prodinflammatory mediators, including chemokines, prostaglandins,
leukotrienes, adenosine, and toxic products released from eosinophil granules.

Asthma is a prototypical Th2 disease, with increased production if IL4 and IL-13, and
STAT6 activation. The immunobiology of asthma is highly complex, but includes defects
in the anti-viral response in airway epithelia.

The hygiene hypothesis states that asthma may arise from an imbalance in the Th1 and
Th2 lymphocyte populations, possibly from differences in exposure to Th1-polarizing
stimuli early inlife.

An altemative view is that asthma arises from a defect in immune regulation. Insufficient
production of Tregs may predispose to airway sensitization and atopy.

Future insights into the cellular immunology and genetics underlying asthma offer hope
for future therapeutics.




