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DP STRACHAN, HR ANDERSON, JM BLAND, C PECKHAM

Asthma as a link between chest illness

in childhood and chronic cough and phlegm in young adults
Br Med J (Clin Res Ed) 1988; 296(6626): 890893

Trends in prevalence of asthma

High prevalence country

Intermediate
prevalence country

Low prevalence country

1950 1960 1970 1980 1990 2000

Year
WHO 05.62



Country (prevalence %)

Peru (30.5)

New Zealand (27.7)
Singapore (23.7)
Isle of Man (23.7)
Channel Islands (23.1)
United Kingdom (22.9)
Barbados (20.9)
Costa Rica (20.8)
Sultanate of Oman (20.3)
Japan (19.4)
Philippines (19.3)
Panama (18.7
Republic of Ireland (18.4
USA (18.3
Uruguay (16.7
Kuwait (15.8
Tunisia (15.6
Nigeria (15.0]
Morocco (14.7]
Brazil (14.4)

South Africa (13.7
Portugal (13.2
Taiwan (13.1
Kenya (12.9
Chile (12.8

Malia (12.6)
Paraguay (12.5)
Thailand (12.3)
Spain (11.8)
Malaysia (11.5)
Sweden (11.1)
Hong Kong (10.7)
Italy (10.5)
Argentina (9.6)
Belgium (8.3)
Germany (7.5
Pakistan (7.4
Indonesia (7.0]
Romania
Austria
Finland
Algeria
Ukraine
India

Mexico
Latvia

China
Poland
Estonia

South Korea
Russia
Georgia

Iran (3.1)
Lithuania (2.7)
Ethiopia (2.6)
Albania (2.6)
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Mean change per year

International Study
of Asthma and Allergi
in Childhood

The phase I survey was rep
after an interval of 5-10 years (phase III)
in 106 centres in 56 countries
in children aged 13-14 years
(n = 304 679)
and in 66 centres in 37 countries
in children aged 6-7 years
(n = 193 404)

Pearce N et al. Thorax 2007:;62:758



‘Developing' countries

Large family size

Rural homes, livestock

Intestinal microflora-variable, transient
Low antibiotic use

High helminth burden

Poor sanitation, high orofaecal burden

4

Non-allergic

‘Westernized' countries
Smalll family size
Affluent, urban homes
Intestinal microflora-stable

High antibiotic use

Low or absent helminth burden

Good sanitation, low orofaecal burden

Allergic disorders
(asthma, eczema and rhinitis)




Asthma
prevalence (%) ¢

—

‘.- ensndp® ]
Households with K °
vacuum cleaners (%) ..‘

Use of asphalt
(tons/inhabitant)

| | I I I I | I I
1960 1970 1980 1990

Finnish Allergy Programme 2008-2018



The T,1/T,2 paradigm

Cytoklne milieu

IL-12 IFN Y IL-4

ﬁ
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intracellular \\,\
killing N A/ \/\\IL -4
Macrophage
lgG dominant |gE dominant

and eosinophilic
inflammation

and cell mediated
immune res




Unique properties of the neonatal T-cell compartment:

Selective apoptosis

Antigen
re-exposure
=
TH2 cell
Primary
effector-cell
development
Naive Antigen
neonatal re-exposure
T cell 2~
Ty cell Apoptosis

avoidance of harmful pro-inflammatory/T,,1-cell polarizing responses

that can induce aIIoimm‘ itions between mother and fetus



“Immunocalibration”

High-affinity

GATA-3 interactions
c-maf between T cells and
PGE, antigen-presenting cells
Nitric oxide
mp—— / Large amount E,
$ of antigen
e (
Low-affinity
interactions
between T cells and
antigen-presenting cells
Small amount CpG re_peats_from
bacterial antigens

of antigen

The Th2-skewed immune response of the newborn

is progressively deviated towards a T,1-response,

achieving a miiﬂ' ibrium at the age of 5 years



The T,,1 to T,,2 shift theory

Factors favoring the Factors favoring the

Th1 phenotype Th2 phenotype
Presence of older siblings Widespread use of antibiotics
Early exposure to day care Western lifestyle

Tuberculosis, measles, Urban environment
or hepatitis A infection Diet

Rural environment Sensitization to

house-dust mites
and cockroaches

Protective
immunity

Allergic diseases

Cytokine including asthma

balance

Strachan DP. Br Med J 1989;299:1259




Incidence of Immune Disorders (%)

300

200

Crohn's
disease

Multiple ,
sclerosis /
'

Type 1
diabetes

100
1950

| 1 | 1
1960 1970 1980 1990 2000
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ARGUMENT 1
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Bach J-F. N Engl J Med 2002;347:911
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Coincidence of immune-mediated diseases

driven by T,;21 and T,,2 subsets

One year prevalence ratio of allergic diseases for subjects with T,,1 dis

(diabetes, psoriasis or rheumatoid arthritis)

Standardized 95% Cl

prevalence ratio

Asthma 1.10 0.97-1.24
Eczema 1.67 1.48 —1.87
Allergic rhinitis 1.22 1.02-1.44
All atopy 1.32 1.22-1.43

Simpson CR et al. Clin Exp Allergy 2002;32:37



% infected

% Iinfected

% infected

50,
40+
30+
20-
10-
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ARGUMENT 2
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Schistosoma

haematobium

-— Helminth infections

-+
atopy and allergic diseases )

Ascaris and do not overlap

hookworm

l despite both conditions
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— . being accompanied
atopy by strong T,,2 immune responses
Hookworm
—

wheeze . Yazdanbakhsh M et al. Science 2002;296:490



Relationship between hookworm infection and asthma

W
ARGUMENT 2

Study Odds ratio (random) Odds ratio (random)
or sub-category 95% ClI 95% ClI
01 Unadjusted analy ses
Alshistawy = b 1.66 [0.17, 16.56] |
Carswell 1976 - 1.15 [0.21, 6.32] ;
Carswell 1977 = 0.44 [0.12, 1.66]
Cheah - 1.68 [0.77, 3.65]
Salako —_— 0.21 [0.12, 0.35]
Tullis < = 0.41 [0.02, 9.44)]
Subtotal (95% Cl) -q—- 0.67 [0.23, 1.90]
Test for heterogeneity : 2= 21.56, DF =5 (P = 0.¢006), 1= 76.8%
Test for overall effect: Z=0.76 (P =0.45)
02 Adjusted analy ses
Dagoye < = 0.27 [0.06, 1.10]
Davey i ol 0.57 [0.29, 1.10]
Scrivener — 0.28 [0.15, 0.52]
Subtotal (95% Cl) S 0.37 [0.22, 0.63]
Test for heterogeneity : 2= 2.63, DF =2 (P =0.27), I’= 23.9%
Test for overall effect: Z=23.72 (P = 0.0002)
Total (95% Cl) = 0.50 [0.28, 0.90]
Test for heterogeneity : ¥2=24.55, DF =8 (P =0.902), / %= 67.4%
Test for overall effect: Z=2.29 (P =0.02)
0.1 0.2 05 1 2 5 10
Reduce asthma risk Increase asthma risk
Flohr C et al. Clin Exp Allergy 2008;39:20
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ARGUMENT 3
!

Q The clear skewing towards T,,2-type responses that can be observed i
mice is not readily apparent in humans. In human neonates, T -cell
responses are often diminished in magnitude, but this can affect T,

T,,2-cell function or both.

Q The reciprocal negative regulation by T,1 and T,,2 effector cells is most
often seen in vitro or during the initiation of immune responses, with

most laboratory work done in naive, clean laboratory mice.

Q IL-10is a product of various types of cell with regulatory functions, and
its secretion is regulated independently of the secretion of the T,;2
cytokines (IL-4, IL-5, IL-13). If the presence of IL-10 secreting regulatory
cells was not specifically excluded, the effect is more likely to have been

due to Tregs of which the researchers were unaware.

iy



B
The counter-regulation hypothesis ARGUMENT 3

¥

Immmunological activation

kY

)
Commensal

gut microflora

Protozoa
Viruses

Bactena

Organ specmc _ .
autoimmune disease //

CD4* regulatory T cells
CD8* T cells

B cells
Imflammaﬂon h IL-10 4_ Dendiitic cells

(TGF-B, contact- quoqytes/macrophages.
/ dependeniciiE Epithelial cells (e.g. gut, skin)
/ ’ g - ¢
T2 Helminths
K Viruses
Bacteria
Allergic disease Protczea

Commensal

gut microflora
- [Nhibitory \ _/
m—-  Stimulatory Immunolegical activation




The immune system evolved in the presence of helminth

@ Eosinophils

Mast cells %

Agnatha 564 Mya
?

‘ . . Classi
' Parasitic platyhelminths % adaptive im
\? Chondricthyes 528 Mya @

\# aaMa® / caMd®

J:’S‘}-%

RAG genes
T cells / B cells/ Ig

e
(S)) <<
<

Th-cell functional
division

/——'-\)

Actinopterygii 450 Mya

Parasitic nematodes @

Lissamphibia 360 Mya

Lepidosauria 276 Mya

Colonization of land
IgG/ IgE isotypes

*—

. Jackson JA et al. Immunology 2008;126:18

Aves 310 Mya



The immunotolerance hypothesis

Modified T2 Balanced Ty1/Ty2 Uncontrolled Ty1

Balance of
T-cell subsets

- IL-10 1 - |
Antibody — — —
response
B E N .
[ | |
9G4 IgE G4 | IgE 0G4 | IgE
Susceptible individuals with Resistant individuals Individuals with
long-lived metabolically active remaining free of infection clinical disease

adult worms in peripheral tissues

Whilst helminths are handled with gentle immune responses,
with a strong regulatory component, that may take weeks, months or even
years to reach their peak effectiveness,

microbes represent an imminent threat and are usually countered by rapid,

atory responses



PAMP/DAMP © PAMP/DAMP
TLRs

NLRs

Immature/resting DC Mature DC



Immature DC Helminths, saprophytic
mycobacteria and lactobacilli,

other harmless organisms

Trauma

¢

Tissue injury —<——— Pathogenes

N

DNA, ATP,

ic acid
cytocrome-c, uric aci NOD1

o
¥ / NF-kR

Active ProIL-1p
caspase-1 ProlL-18
IL-1p
IL-18
Inflammatory IL-12

Allergen




FoxP3*CD4*CD25* and T,1 cells contribute to the control

of allergen-specific immune responses in several major ways

Suppression
of Th17 effector cells
inductioq of IgG4
Suppression suppression of IgE
of Th1

effector cells 0
=
_d;'h
. ¢
©-

Suppression of effector
T cell migration to tissues
m‘

endothelial cells

Suppression
of Th2
effector cells

e —
—— Suppression of
remodeling in inflammatory
the tissues dendritic cells.

Induction of
IL-10-producing
dendritic cells

Direct and indirect

suppressive effects _,

on mast cells, basophils
and eosinophils

S



Classical activation of macrophages

4’ MHC class Il

Pro-inflammatory

+ Microbial

IFN-y receptor ~  trigger by LPS ocytcillfges
4 = o
O I

NO and

respiratory burst

Alternative activation of macrophages

MHC class |l

vB3 downregulation
integrin
CcD47
| — Anti-inflammatory
= Storage of cytokines
CD200R 1 OxLDL TGF-p O
' and gluco- IL-10 O

cerebrosides

Glucocorticosteroid

Cytokine receptor 0 receptor

for IL-10, TGF- B
IFN-a/B or M-CSF

PGE _

Microbicidal
Tissue damage

Immuno-
suppression

Cellular immunit




The immunodysregulation, polyendocrinopathy, enteropathy,

linked (IPEX) syndrome

MS patients developing parasite infections induce Tregs that
specifically responded to MBP and have significantly few

exacerbations

ASIT has been the only treatment that induces specific Treg cells

in human subjects

Microorganisms that are currently ‘missing’ from the
environment in rich countries treat allergy, autoimmunity or

intestinal inflammation (experimental models and clinical trials)

e



Trichuris suis therapy for active ulcerative colitis

50 Intention-to-treat  _ Per-protocol
p=0.04 —» g43.3 p=004 — puuy
40 - .
@
"
S 30- .
Q.
"
[
X 20- -
N
10 - -

Placebo T. suis Placebo T. suis

* Summers RW et al (University of lowa)



Filarial nematode-derived ES-62 induces hyporesponsiveness

of mast cells by disrupting Fc_RI signalling

Ag

FceRI

Perinuclear
degradation

Nucleus

Degranulation

rnett W , Harnett MM. Expert Rev Mol Med 2008;10:e18



The hygiene hypothesis: Macroevolutionary eviden

—=—=-Jawlessvertebrates— - - - - — -

= cAveS m e e e - - = = =
— —-Jawed vertebrates - ——— — I
Carnivora
- —=-Mammalia - —-——=—————
‘Rodentia— — - M
{ 1 H ' |
Primates — — —amijly
L | ] Ll 1 ']
500 310 95 88 55 Now
millions of years ago
—Pangenus = === === - - - —-———————cccssss=========== Chimpanzee
Hominidae Other species (extinct)
—Homogenus———— = —— ———— ——————— Other species
(extinct)
Homo erectus— —————————
Homo
~ “sapiens
L 1 | | [} |
4.1 1.8 0.3 Now

millions of years ago

Chang TW , Pan AY. Adv Immunol 2008;98:39



Summer catarrh... only occurs in the middle or upper classes of society, som

indeed of high rank. | have made inquiry at the various dispensaries in

London and elsewhere, and | have not heard of a single unequivocal case

occurring among the poor. »

BOSTOCK J. On the catarrhus aestivus or summer éatarrh.
London: Medico-Chirurgica Transactions;
1828; p. xiv:437-446.1

It would seem that hay-fever has, of late years, been considerably on the

increase. The persons who are most subjected to the action of the pollen

belong to a class which furnishes the fewest cases of the disorder, namely,

the farming class.

BLACKLEY CH. Experimental researches on the causes and
nature of Catarrhus aestivus (hay-fever or hay-asthma).

London: Balliere, Tindall & Cox; 1873



The hygiene hypothesis: supporting evidence

Epidemiological evidence
Immunological evidence

Therapeutic evidence

Macroevolutionary evidence

Genetic evidence ?

-



Network analysis of immune genes
associated with protozoa diversity
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Mechanisms by which HAV
affect the development of helper T cells

Hepatitis A virus

Apoptosis
[nactivation

TIM1
(HAVCR1)



A variant of TIM-1 (157insMTTTVP) increase binding of HAV to the r
leading to deletion and reduction of differentiation of T2 cells

®
® ——>» Th2
@

® | Th2

56

e @

TIM1
(HAVCR1)



Correlation between pathogen richness (a measure of pathogen-driven
selection) and allele frequency in 52 human populations distributed worldwide
for rs917997 in IL18RAP, an IBD/CeD risk allele

Pathogen richness
190 195 200

185

180

175

0.0 0.2 0.4 0.6 0.8 1.0

Allele frequency

Sironi M, Clerici M. Microbes Infection 2010;12:421
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Epistatic selection: co-evolution of immune players

KIR3
90

80

70

o w
o o

Carrier frequency for KIR3DSI
S

10

DS1 and HLA-Bw4-80I increase susceptibility to autoimmu

R=-0.657 | ® Africa
© Europe
@ Asia

— @ North America

© South America
| © Oceania

| ! | | |
0 10 20 30 40 50 60

HLA-Bw4-80I frequency

?rreiro LB, Quintana-Murci L. Nat Rev Genet 2010;11:17



Shift from hunter-gatherer lifestyle
(human environment of evolutionary adaptedness)
to the lifestyle of rich developed countries

Diminished input of harmless environmental organisms
and of helminths that must be tolerated

Diminished induction of DCreg and Treg

Increased susceptibility
Thl (or Th17?)-mediated to inflammatory diseases Chronic inflammation

autoimmunity Cofactor, some cancers
* MS * Carcinogenesis
*T1D * Increased growth & spead

Persistent inflammation?

Th1? vascular disease Neurodegenerative
* Atherosclerosis * Alzheimer’s

e Parkinson’s disease

Th2-mediated
Th1, Th17 or mixed allergic disorders Persistent circulating
T cell activity e Asthma inflammatory cytokines
* Ulcerative colitis Psychiatric disorders

*Hay fever
*Crohn’s disease '  Depression/anxiety

eEczema




The hygiene hypothesis:

an evolutionary perspective

“Listening to the App

learning about the evolution of the i

are both uplifting exp

ANASTASIOS E. GERMENIS

Professor and Chairman

Department of Immunology & Histocompatibility
School of Medicine — University of Thessaly
Larissa — Greece

Thank you...
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