Long-term pathologic consequences of acute irritant-
induced asthma
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Bronchoalveolar lavage fluid analysis showed increased eosinophil
in 30% of subjects with Irla

BAL Healthy subjects Subjects with
Irla n = 10) (n =10) asthma (n = 10)

ECP (ng/mL) 1.93 (1.43-6.28) 0.13 (0.05-3.76)
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Why do we care about mechanisms?

» Target prevention

« Target treatment

« Inform guidelines or regulations

« Support compensation claims
 Increase basic understanding of biology

 Potential application to other settings



Sensitization versus asthma

Sensitization

» Specific; adaptive immunity

 Associated with a range of ‘atopic’ disease
Asthma

 Clinical phenotype supported by lung function
« May be via sensitization or otherwise

“Enhance” — exacerbate or 4 incidence
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OR Asthma

Synergistic early life co-exposures
Incident asthma (age 8)

= Allergen Only
® Other Exposure Only

W Combination

nitrogen dioxide second-hand smoke
OTHER EXPOSURE

Carlsten ERJ 2010 PMID: 20530047



3 pillars of plausibility

Carlsten and Georas, AJRCCM 2014 PMID: 24787066

Controlled Human Exposures

e Real-world conditions
* Powerful crossover design
e Safe and ethical control

* Limited sample size
* Finite sampling opportunities
Links epidemiology and basic science

Epidemiology Animal/Cellular Research

* Large sample sizes * Homogenous substrate
* Unmanipulated observation * Extensive manipulation
* Detailed mechanistic pathways
* Residual confounding
* Limited mechanistic insight * |solated cells or non-human
 Variability in estimates * Unrealistic conditions (dose, etc)

Error and/or susceptible subgroups Questions of relevance




PM plus allergen: A specific IgE
in the human nose

00 Ragweed
W Ragweed + DEP

/1 (n=13) I/V (n=6)

7-8 (3-2-24-3) 8-4 (2-6-18-8)

123-5 (14-5-534-8) 31-5 (8-8-79-4)

Gilliland -- Lancet 2004
Diaz-Sanchez -- J Immunol 1997

Repeated dosing of 300 ug DEP - IgE to NEOantigen (JACI PMID: 10588999)



Nel, Diaz-Sanchez JACT 1998

Allergen

Possible
mechanisms response

* Increased local production 'E and IgE-
secreting cells

e Qualitatively different $§gE Wolorms produced
through alternative?spMei®e of € mRNA

e Augmente
antigen-sg

Allergen

E.g HANTES

IL-10

MHC-II TCR

CD2s IFN-
2

granulocytes

ligana
Isotype swilch to €

Ditterentiation

Effects of aerosolized DEPs on nasal allergic

* Nop€pe @ ~
profil&yn
* Inducti®n of a e ne profile when

Interact with allergen to drive isotype switch-
ing of B cells to IgE
e Induce influx of T cells, monocytes, and

rgductie# of allergen-induced
1c lgE
tMnulati

of a broad cytokine
oBallergen

stertd together with

but not eosinophils

e Augmented production of C-C chemokines
(RANTES, MCP-3, and MIP-10o but not
eotaxin) on intranasal challenge



APEL & ftwen %' v

PM plus allergen: A\ specific IgE in rat blood at 4d post-exposure
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Saline Diesel  A. fumigatus  A. fumigatus
+ Diesel

Liu et al.,, Tox Sci, 2008 (rats; DE = 1.3 mg/m3 by Cummins engine)
DE = changes in DNA methylation in promoter of IL-4 (¥ ) and IFN-gamma (1)



Air Pollution, Allergens and Asthma Exacerbations

Allergen Diesel Exhaust Black (Grey?) Box Asthma Exacerbation

Air trapped

—inalveoli

‘Epigenetics’
A
| |
Histone Modifications
DNA methylation = m|RNA—> MmRNA=)> Prote|n-> Cytokine release=¥ Cell recruitment
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The Air Pollution Exposure Laboratory (APEL) for controlled
human exposure to diesel exhaust and other inhalants:
characterization and comparison to existing facilities

Nicholas Birger!, Timothy Gould? James Stewart?, Mark R. Miller®, Timothy Larson?, and Chris

Carlsten' Inhalation Tox 2011

Design allows real-time control over:
e Concentration of particles and gases
(‘smoggy day in Asia’)
e Duration of exposure

e Ventilation rate
e Temperature and humidity

e Innumerable individual characteristics,

including genetics (key advantage of
crossover design)

e fFree of endotoxin contamination



Are diesel exhaust and allergen synergistic in the lung?

Using realistic diesel exhaust exposure

18 volunteers sensitized to Timothy grass, birch or house dust mite

Diesel exhaust (300 ug PM, ;/m?3) vs. air

(randomized crossover)

followed by segmental allergen challenge

Right

lung SALINE

Left ~ | ALLERGEN
lung :




Carlsten Thorax 2015 PMID: 26574583

48 hours later. . .

Wash  biopsy, brush

>95% epithelial

N




4 weeks later. . .

Repeated identically but for initial exposure (DE or filtered air)

Carlsten Thorax 2015 PMID: 26574583



Carlsten, Thorax 2015 PMID: 26574583

BAL 48-hr post-exposure: % eosinophils

orthogonal polynomial contrast (linear) p-value = 1-¢
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Biagioni, Sin, Carlsten Clinical and Experimental Allergy 2016  PMID: 27018153

800
|
p-value DE vs. FA= 0.04 -> Epithelial damage
700 - Carlsten Thorax 2016
Rider JACT 2016
- |

Club Cell Protein 16 and Disease Progression in
Chronic Obstructive Pulmonary Disease

Am | Respir Crit Care Med Vol 188, Iss. 12, pp 1413-1419, Dec 15, 2013
Hye Yun Park'2, Andrew Churg3?, Joanne L. Wright3, Yuexin Li', Sheena Tam’, S. F. Paul Man'4,
Donald Tashkin®, Robert A. Wise®, John E. Connett’, and Don D. Sin'#
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Endobronchial biopsy

submucosal CD138 (plasma cells)

supraadditive

=
r
*

Hosseini et al Particle Fibre Tox 2016 PMID: 26758251



GENE-EXPOSURE-EXPOSURE INTERACTION

GSTT1-by-exposure interaction on activation
of cytotoxic T cells* in lung lavage

GSTT1 null

GSTT1
present

*CD3+/CD4-/CD8+/CD19-/CD45+/CD69+ Carlsten Thorax 2015 PMID: 26574583



Effect of combined exposures and genotype

2hr after allergen exposure, airflow is reduced
in GSTT1 null, but only if also exposed to DE

W GSTTI null

W GSTTI1 present
p = 0.001

T

4,5

3,5

2,5

FEV1 (L)

1,5

0,5

ALLERGEN DIESEL + ALLERGEN

Xin Zhang, FRBM 2016



Air Pollution and Asthma Exacerbations

Allergen Diesel Exhaust

Asthma Exacerbation

‘Epigenetics’
A

| |
Histone Modifications
DNA methylation = m|RNA—> MmRNA=) Proteln—> Cytokine release=® Cell recruitment

T

Hypothesis: Acute exposure to diesel exhaust and/or allergen
alters expression of miRNA and genes, with effects on
inflammatory markers, associated with asthma.

‘Inflammatory Markers’
|
| | || L}




Effect of combined exposures on epithelial epigenetics
A miRNA, ADNA methylation

MicroRNA

Rider et al .
JACI 2016 |l

l No Translation

No Protein

Clifford et al
JACT 2016




Rider et al
JACI 2016

MiRNA and mRNA response

(to various conditions, relative to control)
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Correlations between miRNAs and gene expression
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Correlations between gene expression
and inflammatory markers
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Air Pollution and Asthma Exacerbations

Asthma Exacerbation

Air trapped

—inalveoli

Allerg en Diesel Exhaust

‘Epigenetics’
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Top methylation changes in airway epithelium after acute DE exposure

Demethylation of HOXA3 - cg18680977 HOXA4 - cg11532431
Homeobox genes 40 - — 304 —
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EXPOSURE-EXPOSURE-EPIGENETIC INTERACTION

Clifford et al, JACI 2016
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probes (FDR-corrected p-values < 0.05) are
Probes significant and with a AB >0.1 (10% methylation change) are GREEN



Air Pollution, Allergen and Asthma Exacerbations
Next steps — more integrative ‘omics

Asthma Exacerbatlon

‘Epigenetics’
A
| |
Histone Modifications
DNA methylation =p m|RNA—> MRNA=) Prote|n-> Cytokine release=¥ Cell recruitment
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How does exposure to gas, dust and fumes
enhance sensitization and asthma?
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APEL data compared with DDS
Focusing on DE+Ag v. Ag only

Diaz-Sanchez et al
Mouse models (2002)

—DE: up to 2000 ug/m3 for 1hr
daily for 10 days

— 19-fold increase in specific
IgE

—No sig. change in BAL eos %

APEL

Our prelim human lung data

—>DE: 300 ug/ms3 for 2 hrs

— 1.6-fold increase in
specific IgE

—4x increase in BAL e0s%



APEL data compared with DDS
Focusing on DE+Ag v. Ag only

Diaz-Sanchez et al
Human nasal models (1997)

— 0.3mg DEP + 200U Ag
— No change in total IgE levels

—> 6x increase in specific IgE @
1d-post; 16x increase 4d post

— 7x increase in IL-5 mRNA IL-5

— Did not look at Eos

APEL
Our prelim human lung data

— DE: 300 ug/m3 for 2 hrs + SA
- No diff in total IgE

— 1.6x increase in specific IgE

— 2x increase in IL-5

— 4x increase in Eos
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APEL & iy
In mice, intranasal PM + OVA
1+ BAL Eos and specific IgE in peripheral blood
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Hirota et al.,, AJRCMB 2015 (WT = C57BL/6 mice)

NOTE: Whitekus (Diaz-Sanchez) 2002 found no increase in airway eos
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