
1



2

Examples of toxicology/basic science 
studies on environmental exposures 

leading to interventions

• Microbes

• Allergen

• Air pollution

Reduced risk of atopy:
associated with increasing numbers of older siblings; 
Early entry into day-care settings; 
BCG vaccination; 
early-life measles and enteric infections; 
reduced use of antibiotic therapy; 
and growing up on a farm

Hygiene Hypothesis
induction by microbes of IFN-g 
other manifestations of TH1-type immunity,

Hygiene Hypothesis
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CpG

• unmethylated
cytosineguanine
dinucleotides in 
prokaryotic DNA

• suppressed and 
methylated in 
eukaryotic DNA

• Induce murine B cells to 
proliferate and secrete Ig

Toll-like receptors (TLRs)

• Highly conserved family of innate immune 
receptors for molecules present in pathogens but 
not in the host

• TLRs specific for extracellular pathogens such as 
LPS are expressed at the cell surface

• TLRs specific for intracellular pathogens are 
expressed within innate immune cells, and are 
specific for nucleic acids
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TLR-9
• Receptor for CpG motifs in viral/bacterial 

DNA
• Expressed only on plasmacytoid dendritic

cells and B cells in humans
• Binding with CpG DNA leads to Th1 

cytokine mileu
• Synthetic oligodeoxynucleotides containing 

CpG motifs ('CpG ODN') have been 
developed as TLR9 agonists
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Phase 1 trial: inhaled 1018 ISS in 54 healthy subjects. 
well tolerated at escalating doses

measurable increases in the expression of cytokines

Phase 2a trial 1018 ISS in 30 mild asthmatics 
four weekly doses of either 1018 ISS or placebo
substantial and statistically significant pharmacological activity
induction of genes associated with a reprogrammed immune response. 

Dynavax.com
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Platts-Mills, T. A.E. N Engl J Med 2003;349:207-208

Allergen Avoidance as a Treatment for Perennial Rhinitis and Asthma.
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Platts-Mills et al., Lancet 2001; 357: 752–
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High dose allergen stimulation of T cells induces expansion of 
IFN-gammaT Cells, apoptosis of CD4+IL-4+ T cells and T cell 

anergy.

HDM-allergic donor PBMC cultured for 14 days with different 
concentrations of HDM extract (1, 10 and 100 ug/ml)

Increased CD4+IFN-gamma+ and CD8+IFN-gamma+ T cell 
numbers were observed in high allergen concentration cultures 
compared with low concentration

No differences in CD4+IL-4+ and CD8+IL-4+ T cell numbers

Proportion of apoptotic cells increased with allergen concentration 

HDM-induced proliferation was decreased in high allergen 
concentration cultures

•Gardner et al., Int Arch Allergy Immunol. 2004 Jan;133(1):1-13.

A weak TH2 response fails to induce a mature 
germinal center. 
Direct switching from μ to ε
Antibody response is low and nonresponsive
to subsequent antigen exposure 
Little clonal expansion or formation of a B 
memory population. 
Long-lived plasma cell population without 
effective production of B memory cells. 

A strong TH2 response induces a mature 
germinal center. 
Indirect switching from γ4 to ε
Survival of IgE memory cells compromised 
due to:

Defective membrane form of ε chain 
preventing rescue

CD23-mediated IgE suppression by
FDCs that interface with B cells in 
the germinal center
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Riedl et al., The Journal of Immunology, 2005, 174: 7440–7445.
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Modified Th2 Responses At High Dose 
Exposures To Allergen;Using An 

Occupational Model.

Jeal et al., Am J Respir Crit Care Med. 2006 Apr 7

•689 employees exposed 
to rats at work on six 
pharmaceutical sites 
across the UK

•blood sample and 
questionnaire

2 overlapping proteins in FelD1 induce 
IL-10 or IFN-y identified

Epitopes important for regulation of the 
immune response to cat allergen

1. Enhanced induction of IL-10 and IFN-γ 
by these epitopes in T cell cultures from 
tolerant (IgGhigh IgEneg) subjects

2. Increased T cell reactivity to these 
epitopes in cat-allergic patients receiving 
conventional IT; 

3. Failure of these epitopes to induce either 
T cell proliferation or IFN-γ in cultures 
from atopic patients with high IgE to cat

Reefer et al., The Journal of Immunology, 2004, 172: 2763–2772.

Role of allergen in regulating Role of allergen in regulating IgE IgE responsesresponses
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Response to Allergens

Intrinsic properties of allergen

Allergen dose Genetics

HypoallergenicHypoallergenic

High doseHigh dose High riskHigh risk

Prophylaxis of atopy
and asthma in children

Objectives : To reduce the frequency of allergic sensitization and expression
of allergic disease (in particular atopic asthma) amongst children at high 
genetic risk of asthma/atopy. 

Patrick G. Holt, University of Western Australia, Perth AUS 

Peter Sly, University of Western Australia, Perth, AUS

Bengt Bjorksten, Karolinska Institute, Stockholm, SWE

Ulrich Wahn, Berlin Humboldt University , Germany 

Richard Loh, Princess Margaret Hospital for Children, Perth, AUS 

Immune Tolerance Network
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Prophylaxis of atopy
and asthma in children

Approach:
•200 children aged between 18 and 30 months 

•history of AD or food allergy but without sensitization to inhalants 

•mother or father or sibling history of atopy (AD, allergic rhinitis or asthma)

•sublingual drops, containing either allergen (house dust mite, timothy grass 
& cat) or placebo daily for 12 months

•followed for three years after finishing treatment. 

•Outcomes: 50% reduction in IgE and Th2 responses to allergens given and 
50% reduction in asthma.

Components of Air Pollution

J Allergy Clin Immunol 2004;114:1116-23
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Saxon & Diaz-Sanchez, Nature Immunology, 20

Inhaled DEP-induces 
Oxidative Stress in 

Murine Lungs

BALB/c mice exposed to saline, 
OVA, or OVA plus DEP by 
aerosolized inhalation daily for 
10 days

Assays for carbonyl protein 
content (A) and lipid 
hydroperoxides (B) in the lung 
homogenates

Whitekus MJ et al.,  J. Immunol
168(5):2560-2567, 2002
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Antioxidants Block DEP-induced 
Cytokine Release

• NAC (10 mM) on GM-CSF release by human bronchial epithelial cells 
(16HBE14o) treated for 24 h with DEP (10 µg/cm2) and organic extracts of 
DEP 

• Boland S et al., Am J Physiol Lung Cell Mol Physiol 278:L25-32, 2000

Pretreatment With 
Anti-oxidant  Blocks 

DEP-enhanced Allergic 
Antibody Responses

BALB/c mice exposed to saline, 
OVA, or OVA plus DEP by 
aerosolized inhalation daily for 10 
days.

NAC or BUC given by i.P. Injection 
0.5 h before inhalation on every 
exposure day.

Whitekus MJ et al.,  J. Immunol
168(5):2560-2567, 2002.



15

Metabolic Pathways for Detoxification of DEP 
Chemicals

Diesel Exhaust Particles

BIFUNCTIONAL INDUCERS 
e.g. PAH

Drive phase I and 
phase II enzymes

AHR

PATHWAY 1

AHR/ARNT

XRE

Phase I 
enzymes 

e.g. CYP1A1

MONOFUNCTIONAL INDUCERS

Drive phase II enzymes

PATHWAY 2

e.g. Quinones

OXIDATIVE STRESS 
Reactive Oxygen Species

ARE

Phase II enzymes
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Hierarchical oxidative stress model in 
response to diesel exhaust particles

Xiao GG, Wang M, Li N, Loo JA, Nel AE. J Biol Chem. 2003
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Lancet 2004; 
363: 119–25
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Hierarchical oxidative stress model in 
response to diesel exhaust particles

Xiao GG, Wang M, Li N, Loo JA, Nel AE. J Biol Chem. 2003
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Ritz et al., Am J Physiol Lung Cell Mol Physiol. 20

0

4000

8000

12000

16000

0 0.312 0.625 1.25 2.5 5
SULF dose (uM)

IL
-8

 (p
g/

m
L)

A*

†

*

*
*

*

*
*

*
*

*

† †

† ††
†

† †

0

100

200

300

400

0 0.312 0.625 1.25 2.5 5
SULF dose (uM)

G
M

-C
SF

 (p
g/

m
L)

B*

†*

* *
*

*

* * *

†
†

†
†

†
† † †

†

0

50

100

150

200

250

0 0.312 0.625 1.25 2.5 5
SULF dose (uM)

IL
-1

β 
(p

g/
m

L)

†

*
C

*
* * *†† †

†

Sulforaphane inhibits DEP increased 
cytokine expression by NHBECs

Ritz et al., AJP-Lung 2006
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Effect of sulforaphane on DEP-enhanced IgE production
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Wan & Diaz-Sanchez., J. Immunol, 2006
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Identification of modulator of asthma

Elucidation of mechanism and pathways

Intervention/therapeutic strategy

The Integrated Approach


