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Impaired Ventilation in Asthma

Dynamic Imaging of Asthma




Mucus Plugging is a Prominent Feature of
Moderate to Severe Asthma

Some Landmarks in the History of
the Immunology of Asthma*

1989: Early genetic mapping assigns chromosome 5q to the
“cytokine gene cluster.”




Nature of Inflammatory Cells in
Biopsies From Airways of Asthmatics
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Defining Asthma: Pathological Features
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Pro-survival and Metaplatic Pathways
to Goblet Cell Production

Tissue "Compartments” in Asthma

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.




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




Early- and Late-phase Allergic Reactions

& Immediate Late-phase reacticn
Allergen !
expasure

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

[ Clinical manifestations j}

Presence of Degranulated Eosinophils in
Asthmatic Airways
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Figure 2. ge of in Bror Lavage
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Eosinophils and Asthma

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.




First Recognition of a T,;2 Bias in
Lymphocytes Obtained by BAL in Asthmatics

FETEAMITRARNT T, T ThE Bl Vhhn T b odl A 1 et 3B Ty 1w s i
ST A5IHY

Emergence of T, 1 and T2 Cells
from Nadive Precursors

Macrophage CD8u* DC

Delayed-type
P IFN-y | hypersensitivity
IFN- B2
‘J’ LT Macrophage
IL- 12 J activation
18 W «T‘
.
Naiv bk
Thelper cell
- - IFN-y IL 10
Ya sy
Antigen - ,,/ s,
= A3,
IF
Ao,
-~ IL-4 ar L4
L5 | Humoral immunity
oc o e flg&
& » J IL-13 | Eosinophils
= -* Thz
Epithelialcell - | Epithelial Mastcel cpgg-pe

basement

membrane by Ken Beauchamp J. Clin, Invest.



STAT-6 Signaling Pathways
Leading to the Asthmatic Phenotype
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alterations

Defective Innate Immunity to
Rhinovirus Infection in Asthmatics

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Potential Drug Targets in Asthma

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed t

o see this picture.

Understanding the Immunology of Asthma
Leads to Insights Into Novel Therapeutics

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Fig. 1. Delayed hypersensitivity to tuberculin
(DHT, in millimeters) and relation to serum IgE. (A)
Histogram showing bimodal distribution of re-
sponses to tuberculin, assayed as DHT at 12
years of age in 867 Japanese schoolchildren. (B)
Plot of log(total serum IgE) versus DHT in the same
children {r = —0.492, P < 0.001).

Table 1. History of infectious diseases, atopic symptoms, IgE levels, and cytcld'!e profiles in subjects
grouped by tuberculin reactivity. ASE, allergen-specific IgE; UD, undetectable.

Group1 Group2 Group3 Group4

Mcmaerent (n=290) 1=289) (=213 (=75 'o@0 =867

Tuberculin response

At 6 years - - + +

At 12 years - + + -
Positive antiviral immunity (%)

Measles (history + vaccine) 834 87.2 845 813 843

Chicken pox {history + vaccing) 869 823 822 827 839

Mumps (history + vaccine) 628 609 60.1 573 610

Number with IgE to Ascaris : 1

307

6.8

146

16.0

178

(%) 4184t 5383

Aloplc (high IgE or positive i 49.24F 61.3
(%)

Median cytokine level (pg/mi)
. 96t 092t 166 1.22(102-UD)§
||_~1a _ 10211 7.8t 191 14.2 (45.6-UD)

IL-10 | 344 26 59  39(10.2-UD)

IL-12 uD uD up ub

IFN-y . 1101 13211 84  10.5(28.2-UD)
Positive family history within ; 49.8 49.8 480 510

three generamm (%)
Mean BM 2 220 219 212 216

P < 0.01, P < 0.001 on the basis of Student’s test. P < 0.05, 1P < 0.01, T#1P < 0.001 on the basis of a
mediantest. P < 0.05, 1P < 0.01, $4iP < 0.001 on the basis of x® against group 1, respectively.  §Maximum-
minimum values.
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Table 2. Odds ratios for atopy and for oceurrence and remission of atopic symptoms in positive
versus negative tuberculin responders by age. Multiple logistic analysis was conducted with the
SPSSX package, version 2.2, In all madels, allowance was made for dichotomized variables including
sex, life-style, nutritional status, environmental factors, and family history. Only significant values are

shown.
Odds ratio
Tuberculin response Atopic symptoms
Atopy
Ocourrence Rernission
Conversion to 0.50 Asthma: 0.31 Asthma: 8.2
positive up to 6 {0.29 10 0.83" {0.22 to 0.45y (6.0t09.8"
years of age P Eczema: 0.50 Eczema: 1.6
{0.33 to 0.91)* (1.0t02.2%
Conversion to 043 Asthma: 0.42 Asthma: 6.0
positive between (0.25 to 0.83)** {0.24 to 0.56)* (2.8 to 10.3)**
 Band 12 years of age Eczema: 6.7
: (4.8t0 11.4y*
Rhinitis: 9.0

6.2 to 14.2)

P < 0.05, P < 0.01, ™P < 0.005.

Environmental Influences and Asthma:
The Hygiene Hypothesis

> Changes of the
commensal flora, due to:
consumption of semi-sterile foods
= use of cleancr watcr
= Redu re o and/or severity of
nature

inations
= anti=rmicrohial treatment

(GERM FREE-LIKE STATE)

= Increased exposure to some allergens
{miles, cat pets, neoallergens)

= Th2-hiasing vaccinations
(tetanus, pertussis, diphieria;
alum as adjuvant)
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Asthma, rhinitis, other respiratory diseases

Hay fever and asthma in relation to
markers of infection in the United States

Paolo Maria Matricardi, MD,* Francesco Rosmini, DS, Valentina Panetta, DSc.*
Luigina Ferrigno, BSc, and Serglo Bonini, MD® Rone, ftaly

expasure 10 Infoctbons Is mplicated in the rising trend of aller-
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ey wonds: Asthena, by fever hepastins A views, hygiene, infection,
epidenviplogy, Nasional Fealth an Ntrition Esamiation Survey 1l

are spreading among populations live
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fever; ast i
marksss of infection in » Iarge general populativn sampie of
the United States.

Methods: We
e in 3 publ eroses
tional survey mmmnummm-—
o Survey, 1985-19%4), The variables examined were

infarmadion,

hd.uur»sﬂus.uanumm-

Recailts: Hay fever (adjusted odds ratio, 0.17; 95% u.o.u-
uur<nummmm m&u
u;-n“;hw)-uzlm w
Ivmm fre subjects
mmmmmmummmﬂ

alive Increased progressively from 3.7% (95% CI,

0.7%-4.7%) and 04% (95% CL 0.1%-1.6% ), respectively, in
‘cohuris born before 1920 to 8.5% (95% CI, 73%:4.7%) and.

£5% [95% CI 4B%-63%),

‘e 19605, whereas they remained constant at around 2% in sl

cooets of HA)

he Uniled Stales secologic
tion of oeetaln Infections, mainiy food-borne and orofecal
Infection, is sssncinted with u lower probability of having hay
fever and asthows, Third National Fiealth and Nutrition Exam-
hat hygene fsa

nnd siopie sessitization in westernized countrics. m\llw
Clin Tmmunol 20403;1L0:361-7.)

From s Vst of Neurabiology s Moteculas Medene, Coasiglio
Nasicale dells Ricerchs, nidogy

ing a Westem lifestyle. | This epidemic has been various
Iy atiributed 1o pollution.? changes of diet, and ullerw\
exposure.t Another theory assumes tht hygiene, by
wducing exposere 1o infections, facilitates atopic
responses and their inflammatory consequences at
mcosa and skin surfaces, namely allergic asthma, thini-
tis, and atopic cczema (the hygicne is). 37
Inﬁnmmpywamndmbelulmwnm:hu-
dren raised in largeS%9 and poor families, - on farms, 19
o In communities living llﬂd.iriml]-lypc lifestyle!! and
in children atending daycare wnms.” Mm-w« al\ev-
gie rhinitis and asthina were inversely
itive serology for hepalitis A virus tI-lA\')'i" md for
To

ence: the inception of respiratory allergic diseases.
The emergence of allergic asthma in unsun

able with the hygiene s, 1017 However, longi-
tudinal studies. in Tucson, Ariz, provided the formal
demonsation that carly exposure to ather children in
the family or et a daycare center protects childrea from
asthma and atopy, and this was attributed 1o an earlier
and more frequent aequisition of infections.’s Should
this interpretation be correct, murkers of exposure 10 o
higher microbial bueden, such as pesitive serology 1o
HAV and T gondii, should be independently assaciated
with less allergy and asthma in the United States, as
they are in Europe.
The Third National Health and Nuition Examination
Survey, 1988-1994 (NHANES I, exumined a large
national sample of Americans o question-

s, e Supsior & Sasith, Koroe.

mmxuzl 2000
s (et s oo M, Mateanl, MD, WO, Wkt
bk Ui, 20

e g I 41 G .S
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ol 10105 20712665

who
‘naires on allergic and respiratory diseases and who undes-
went allergy skin festing and blood testing for markers of
infections.’® This public database provided a unique
uppomlu to investigate whether hay fever and asthma

T gondil, and

uﬂ:ermﬂ"'" hmmdmm
METHODS
Study design

W exmised & public egisry of 33,904 US resicents nged | 10
90 years or older that includes clinical asd Iaberatory data from
'NHANES HL and anatyas the Folowing variables: age, sen, race,

n

Paradox:

Why Does Chronic Infection with Helminths
Not Predispose to Allergy?

Skin prick tested children

Helminth infections:
strong stimulation of
Tu2 responses.

Vaccines, hygiene
and antibiotics:
little Tyy1 stimulation,
increase in Ty2.

Low exposure to pathogens:
weak regulatory network

High exposure to pathogens:
strong regulatory network

Inflammatory molecules

~~—— Mucus production

Allergic responses:
Asthma,
Rhinoconjunctivitis

Seropositive for
allergens: but
little allergic disease




The Role of Regulatory T-cells
in Modifying T;;2 Immunity

Dendritic: call

Natural or
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Immunotherapy of Atopic Diseases:
a Role for Tregs?

Regulatory T-cells (Tregs) in Asthma
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Chemokines Direct Traffic

b 10 Endothelium
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MIP-10: e

MIP-18

B-cell follicle

Capillary

endothelium

Currant Oginian in [mmunalogy
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Chemokine Receptor Specificity
in T,2 Cells and Eosinophils

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

Potential Drug Targets in Asthma:
Chemokines and their Receptors

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Lipid Mediators in Asthma:
LTB,, PGD,, LTC,

QuickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.

LTC, LTD,
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Biological Activities of LTB, and PGD,

uickTime™ and a
TIFF (Uncompressed) decompressor
are needed to see this picture.
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Pro- and Anti-inflammatory
Activities of Adenosine in Asthma
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Summ f Genes Associated With Atop
Genetic
Giene Chromosome Phenatype variaton Assocation Reference
Lo 131 Tatal kgE, esasinophils Haglatypes Yes 23]
CHRMZ lgdi Atopy (cockroack] Haglatype. Yes [24]
IL1A 214 Atopy 4B45GT Yos [25]
CTLA4 2033 Asthma sevarity —318CT Yes [26]
BHR, asthma =1147CT Yes 127]
IL-4 Bg31 AD —580CT Yes 28]
13 5g31 Asopy Haplotyps Yes
[RE] Atopy Arg 130G Yas 130]
AD Arg130GIn Yes 1
chia Sa31 Aropy, asthma, BHR, IgE. AD, Allergic Rhinitis =159CT Mo 2]
UGRP-1 5g31-34 Asthma =112G/A Yes [33]
B2AR 503334 Arg16GH Yas 34
LTC4 5q33 Asthma —4dd (WC) Mo [35]
FEV, % Yes
L128 5q3334 Asthma severity —1475ins Yes [36]
1188A/C Yes [37]
MHC Bp21 Asthmg, tatal IsE DRB1 Yes
Atopy DRE1,D0 Yes [as]
Total, specific IgE DRBE1 Yes 40|
Mlergic asthma. DRE1 Yes 42|
Asthma DRE1 Yes 43|
TNF 6p21 Alergss asthma —~30BG/A Mo |42]
Alergic asthma —30BG/A Yos 43|
Allergic asthma
Tpl4
Tq11.23 Asthma 1265A/G Yes [a8]
736 Asthma, STRfintron 4) Yes fas]
Total IgE.
NAT2 8p22 Alerge asthena Slow acelylating alels Yas [s0]
CC16 g2 BHR 3BAG Yes 1511
Asthma 3BAIG Mo 1521
FCERIB 11gi3 Asthma, Rsalex? Yes 153
GSTP1 11913 FVC, FEV, llg103Val Yos [54]
SART-1 11g12-13 Atopy TTACIT Yes Ias(
GiyaBE AL
STATS 12913 Alorgy DHEATIA Mo 158
ICGAIn intran 1 Yes
haglotype Yes
IFNG 12q21 Total igE (CA)n Intron 1 Yos 157]
PHF11 13014 Total IgE Haplotype Yes [89]
IL4RA 18012 Allerge asthma le50Val Mo 158]
ILz21R Total igE Yes 159]
CARDYS 1812 Allergec rhinitis 2104CT Yes 1801
Allergwc rhinitis, AD 2722G/C Yes
Atopy, total IgE 3020in8C Yes
RANTES 1721 Asthma Date onset] —2BCIG Yes 181]
Asthma severity —2BCIG e [62]
Eotaxi-1 17q21 Tatal IgE Ala23The Yes [ag]
Total IgE in AD —4Z6CT Yes 183
ADAM 33 2013 Asthma. Haglatype Yos [34]

BHR, branchial hyperresponsivencas: AD, atupic dermatiis; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 secand

Summary

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

2. The allergic response is characterized by an early phase, dominated by degranulation of




