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Genome-transcriptome-proteome
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Environmental perturbations F

Intermediate phenotypes or endotypes
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Inflammation

Thrombosis | | Fibrosis | | Immune

Hemorrhage response | | proliferation | | Necrosis

Cell Apoptosis

‘ Clinical phenotypes \

Agusti A & Vestbo J IAJRCCM 2011
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TABLE 1. PROPOSED INTERMEDIATE PHENOTYPES

(OR ENDOTYPES) IN CHRONIC OBSTRUCTIVE

PULMONARY DISEASE

Intermediate Phenotype Reference (s)
Elastase-antielastase imbalance 15-77
Oxidative stress 78, 79
Innate immunity abnormalities 80-82
Acquired immunity abnormalities 83, &4
Defective catabasis 33
Enhanced apoptosis 85-87
Accelerated aging 88-90
Abnormal repair 91, 92

Agusti A & Vestbo J IAJRCCM 2011
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Aging process in whole body
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Maturity

Senility

Birth

Growth

Lung function
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Lung Maturity
18-25 years

Total dysfunction of
Lung (130-140 yrs)

Ito K, Barnes P J Chest 2009;135:173-180
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Enviromental ROS

o LLLTERELELLEEL (Tobacco, kitchen smoke)

DSenescence
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mitochendﬁa N\ /
DNA damage, Kinase activation (MAPK, PI3K),
NFkB_,aé:tivation, Oxidation/nitration of proteins,
Reduction of anti-aging molecules (sirtuin, HDAC etc.),
Telomere shortning, | Defect of proteasome etc....

Inflammation
“Structural change
Increased risk of cancer
Cell death

.-.....’
Accelerated aged lung
(COPD lung)

Normal aged lung (senile lung) _-

Ito K, Barnes P J Chest 2009;135:173-180 :m
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Macrophage
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Lumen I
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Epithelium \ 7, - ..
Mucosa ) _L
Natural killer cell @ Q Dendritic cell

Mast cell

Innate immune cells

Smooth muscle cells

Blood circulation Lymph node

Brusselle G et al Lancet 2011
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Initiating factors
(e.g., smoking, childhood respiratory disease)

Impaired innate Acute

lung defense \/—) exacerbation

»  Airway | Microbial
epithelial injury colonization

Progression L Micmbad k' Inflammatory

of COPD antigens response

Altered proteinase- Increased
antiproteinase proteclytic <
antibody balance activity

Sethi S, Murphy T. N Engl J Med 2008;359:2355-2365
The NEW ENGLAND

JOURNAL of MEDICINE
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— ; Large Airways

techanical barrier
Mucociliary clearance

Secretory lga

inflammatory mediators =

Cytokines =
Chemokines =3
Leukotrienes =

P
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Dendritic cell

Antimicrobial peptides
Defensins &=
Cathelicidins =4
Lysozyme -
Surfactant proteins == S
Lactoferrin

=  Airway
= macrophage

. The NEW ENGLAND
Sethi S, Murphy T.N Engl J Med 2008;359:2355-2365 JOURNAL of MEDICINE
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Table 2. Bacterial Ligands That Trigger Signal-Transduction Pathways in the Respiratory Tract through Pattern-

Recognition Receptors.®

Pattern-Recognition Receptor
TLR1
TLR2

TLR4

cDl4
Lipepolysaccharide-binding protein

TLR-5
TLR-7
TLR-9
NOD 1, NOD 2

Carcinoembryonic antigen-related cell-
adhesion molecule 1

Platelet-activating factor receptor

C-reactive protein

Bacterial Ligand
P&, P2 porin, lipoproteins
Lipoteichoic acid, pneumolysin

Lipo-oligosaccharide

Prneumolysin, lipoteichoic acid
Lipo-oligosaccharide
Lipo-eligosaccharide
Peptidoglycan

Flagellin

CpG dinucleotides
Ubiguitous surface protein Al
Peptidoglycan

Ubiquitous surface protein Al

Prneumolysin, lipoteichoic acid
Ubiquitous surface protein A2
Phosphorylcholine

Bacterial Species
Streptococcus pneurnoniae
Haemophilus influenzae
5. prewmoniae

H. influernzae, Moraxella catarrhalis,
Pseudormionas aeruginosa

5. pneuwrnoniae

H. influenzae

H. influenzae

5. pReurmoniae

P. aeruginosa

H. influenzae

5. prevrmoniae

M. catarrhialis

H. influenzae, S. prewrmoniae

M. catarrhialis

5. preurmioniae
M. catarrhalis

5. preurmoniae

References for this table are listed in the Supplementary Appendix, available with the full text of this article at www.
nejm.org. NOD denotes nucleotide-binding oligomerization domain, and TLR toll-like receptor.

Sethi S, Murphy T. N Engl J Med 2008;359:2355-2365

The NEW ENGLAND

JOURNAL of MEDICINE
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Yroéia ko pAeypovi

| Hypoxia in Inflammatory Conditions

Inflammation in Hypoxic Conditions

Pulmonary edema _ Acute lung injury

—

Cancer

Organ transplantation

~ Adipose tissue
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Eltzschig HK, Carmeliet P. N Engl ) Med 2011;364:656-665 Te NEW ENGLAND
JOURNAL of MEDICINE
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High oxygen

Proteasomal
degradation

Low oxygen

Eltzschig HK, Carmeliet P. N Engl ) Med 2011;364:656-665 e NEW ENGLAND

JOURNAL of MEDICINE
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DAMPs & PAMPs

TLRs

[Effectar phase

Pro-inflammatory ROS
cytokines and chemaokines
( TNFo, interleukin 1B, CXCLS,...)

Sensing cigarette smoke and danger signals

Bacteria Viruses Autophagy

Ll

A D)
[=5)

Cell death

(autophagic
apoptatic,
necrotic)

RAGE

Interleukin 1R

interleukin 1p

. Mature
s interlevkin 1B
%0
-] Qg © o
Proteolytic enzymes o o

(NE, MMP-9, MMP-12,...) 0 ®

© Interleukin 1f secretion
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Normal terminal bronchiole

Acinus

Axial tension

Alveolar

inflammation Rupture

of alveolar
walls

Airspace
enlargement

Rupture of
elastic fibers and
axial recoil of small
airways

Axial tension

Small-airway
inflammation

Elastic fiber
disruption and
axial recoil of
small airways

Loss of acinar tethering;
collapse and folding
/eolar walls
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Young RP et al Eur Respir Rev 2011
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Roflumilast

3', 5'-cAMP . » 5'-AMP l

’ PKA (Inactive) —;-~ PKA, (Active)

“inflammatory Imhibition of Relaxation of
cell activity fibrosis smooth muscle

Rabe K BJP 2011
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& Fofiumilast N-oxide

) Cilomilast
Call type Function
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Hatzelmann A et al Pulmonary Pharmacology & Therapeutics 2010




In vitro peA€teg

Mucociliary malfunction

Airway
apithelial cells

Fibmby

Prolferation; chemotaxis;
collagen gel contraction;
myofibroblast transition;

ECM; eotaxin; ICAM-1

MUCSAC; CFTR; CBF;
EMT; GM-CSF

Roflumilast

& N-oxide
smooth muscle cells

Structural remodeling

(emphysema, fibrogenesis)

Proliferation;
endothealin-1

Endothelial cells

N\

Permeability; E-/P-selactin;
PMN adhesion; apoptosis

Monocyte/macrophage

dendritic cell

T-Lymphocyte
(CD4+/CD8*)

Proliferation; cytokinas
(IL-2; -13; IFN-y);
granzyme B
Meutrophil

ROS; LTB,;
alastase: CO11b:
chemotaxis

uofhewweyul pajejal-gdod

Hatzelmann A et al Pulmonary Pharmacology & Therapeutics 2010
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p0.0003 Analyfe T Reduction

Sputum neutrophils

o 40__ (absolute numbers) TOTG' CQ”S 33,6

3 —7T

3 Neutrophils |~ 35

5 Eosinophils | 50

- - Lymphocytes | 348
p=0.0017

o » Macroglobulin HNE 31

Bl Placebo Bl Roflumilast GZ'MG 41

Grootendorst , KF Rabe , Thorax 2007
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