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Biomarker? 

• The National Institutes of Health defines biomarker 
as a 

– ‘‘Characteristic that is objectively measured and 
evaluated as an indicator of normal biologic processes, 
pathogenic processes, or pharmacologic responses to a 
therapeutic intervention’’ 

De Gruttola VG et al. Control Clin Trials (2001) 



Why we search for biomarkers? 

1. Define populations that will derive most benefit from a drug 
(Pharmacogenetics) 

2. Improve drug development (Pharmacokinetics) 

3. Predict disease course (to justify more intense or prolonged treatments) 
(Diagnostics and prognostics) 

4. Monitor the effects of therapy (Pharmacodynamics) 

5. Predict clinical outcomes (Surrogate end-points) 

6. Monitor adverse events (Safety biomarkers) 

7. Identify new biological pathways involved in the pathology of specific 
disorder and identify new treatment opportunities 

 

M. Cazzola, G. Novelli. Pulmonary Pharmacology & Therapeutics (2010) 



An ideal biomarker? 

• Clinical relevance 
– Indicating a clear relationship between the biomarker and the 

pathophysiological events in a disorder, causing a clinical endpoint 

• Sensitivity and specificity  
– For intervention effects 

• Reliability and repeatability 
– The biomarker should be measured in a precise and reproducible 

way 

• Simplicity of sampling methodology and 
measurement/detection technique  
– To promote widespread use 

 Z. Diamant et al. Pulmonary Pharmacology & Therapeutics (2010) 

Lesko LJ, Atkinson AJ Jr. Annu Rev Pharmacol Toxicol. (2001) 



Bronchial asthma 
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마스터 제목 스타일 편집 

• 마스터 텍스트 스타일을 편집합니다 

– 둘째 수준 

• 셋째 수준 
– 넷째 수준 

» 다섯째 수준 
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Th2 vs. non Th2 inflammation 

Wenzel S. Nature Medicine 2012;18:716-725 



Bronchial asthma phenotypes 

Sally E Wenzel. Nat Med (2012) 



Heterogeneities of bronchial asthma 

… in general, one single 
biomarker may capture only a 
small fraction of the 
intervention effect and, 
therefore, it is important to 
sample multiple biomarkers 
whenever possible… 

Wadsworth S, et al. J Asthma Allergy (2011) 

Z. Diamant et al.  Pulmonary Pharmacology & Therapeutics (2010) 

...A panel of biomarkers is 
required to diagnose the 
subtype of asthma accurately 
in an individual… 



Where to search for biomarkers? 

• Blood  

• Urine 

• BAL 

• Bronchial Biopsies 

• Induced Sputum 

• Exhaled Air 
– Fractional exhaled nitric oxide (FeNO) 

– Exhaled breath condensate (EBC) 

– Volatile organic compounds (VOCs), … 



Z. Diamant et al. Pulmonary 

Pharmacology & Therapeutics (2010) 

Current status of 
biomarkers in 
asthma and allergy 



Current biomarkers in asthma 

Wadsworth S, et al. J Asthma Allergy (2011) 



Current biomarkers in asthma 

Wadsworth S, et al. J Asthma Allergy (2011) 



Which biomarkers should be assessed 
as standardized asthma outcomes in 

future clinical research studies? 



Asthma outcomes: Biomarkers 

• National Institutes of Health institutes and federal 
agencies convened an expert group 

– Conducted a comprehensive search of the literature to 
identify studies that developed and/or tested asthma 
biomarkers 

– Classified the biomarkers as either  

• Core (required in future studies),  

• Supplemental (used according to study aims and standardized), or  

• Emerging (requiring validation and standardization) 

 

And  discussed at an NIH–organized workshop convened in March 2010 
and finalized in September 2011 

Szefler SJ, et al. J Allergy Clin Immunol. (2012) 



Recommendations 

Szefler SJ, et al. J Allergy Clin Immunol. (2012) 



Emerging Biomarkers 

• Cortisol measures 

 

• High-resolution CT scanning 

 

• Sputum neutrophils and analytes 

 

• Exhaled breath condensate 

 

• Biomarker discovery through genetics and genomic profiling 



• UNIFORM  DEFINITION  OF  SEVERE ASTHMA 

 

• Severe asthma is defined by the level of current clinical control and risks  

• as ‘‘Uncontrolled asthma which can result in risk of frequent severe exacerbations (or 

death) and/or adverse reactions to medications and/or chronic morbidity (including 

impaired lung function or reduced lung growth in children).’’ 

 

– Using this definition, both interventional studies and surveys suggest  

     that at least 5–10% of the asthma population has “severe” asthma.  

– An estimated 300 million people worldwide suffer from asthma, with 250,000 annual 

deaths attributed to the disease. It is estimated that the number of people with asthma will 

grow by more than 100 million by 2025. 

 

What is a severe asthma? 

Uniform definition of asthma severity, control, and 
exacerbations: Document presented for the World Health 

Organization Consultation on Severe Asthma 
J Allergy Clin Immunol 2010;126:926-38 



• Severe asthma includes 3 groups, each carrying different public 

health messages and challenges: 
 

    1. Untreated severe asthma. 

    2. Difficult-to-treat severe asthma. 

    3. Treatment-resistant severe asthma. This group includes the following: 

         - Asthma for which control is not achieved despite the highest level of  

recommended treatment: refractory asthma and corticosteroid-resistant asthma. 

          

         - Asthma for which control can be maintained only with the highest level of 

recommended treatment. 

Uniform definition of asthma severity, control, and 
exacerbations: Document presented for the World Health 

Organization Consultation on Severe Asthma 
J Allergy Clin Immunol 2010;126:926-38 

What is a severe asthma? 



Corticosteroid Resistance 

Barnes PJ. J Allergy Clin Immunol (2013) 



PI3K 

Trends in Immunology 2008;29:493-501 

phosphorylate inositol lipids within cell membranes  

as an early step in the signaling cascades initiated  

by many ligand-receptor interactions. 



Phosphoinositide 3-kinase family 

SJ Park et al. Phosphoinositide 3-kinase δ inhibitor as a novel therapeutic agent in asthma. Respirology (2008) 

PI3K activity has been found in all eukaryotic cell types 
and is linked to an incredibly diverse set of key cellular 
functions, including  

cell growth, proliferation, motility, differentiation, survival and 
intracellular trafficking 



PI3K isoforms 



Involvement of PTEN in Asthma; 
First description of effects of PI3K inhibitors on asthma 
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Role of PTEN in Asthma 



Ther Adv Respir Dis 2010; 4: 19-34 

PI3K isoforms in pulmonary disorders 



Involvement of PI3K in Asthma 

FASEB J 2006;20:455-465 



J Allergy Clin Immunol 2006;118:403-409 

PI3K and VEGF in Asthma 



A selective p110 
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containing a 
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p-Akt 

Akt 

0 

50 

100 

150 

200 
# 

* 

# 

* 

P
IP

3
 p

ro
d

u
c
ti

o
n

  
(p

m
o

l/
㎖

 o
f 

lu
n

g
 

ti
s

s
u

e
 e

x
tr

a
c

ts
) 

HIF-1 

HIF-1 

0 

1 

2 

3 

4 

# 

* 

# 

* H
IF

-1


  

(r
e
la

ti
v

e
 d

e
n

s
it

y
) 

VEGF  

actin 

V
E

G
F

 (
p

g
/m

l)
 

0 

20 

40 

60 

80 

100 
# 

* 

# 

* * * 

0 

10 

20 

30 

40 

50 

E
v
a
n

s
 b

lu
e

 d
y
e
  

(n
g

/m
g

 t
is

s
u

e
) 

# 

* 

# 

* 
* * 

E D 

F G 

PI3K and VEGF in Asthma 

J Allergy Clin Immunol 2006;118:403-409 

A 

B 

C H 

I 





Role of PI3K- δ inhibition in asthma 

SJ Park et al. Phosphoinositide 3-kinase δ inhibitor as a novel therapeutic agent in asthma. Respirology (2008) 



IL-17 in asthma 

Lee YC et al. Respir Res 2010;11:78 

• Under investigation 

 
• Increased IL-17A and IL-17F levels are positively 
correlated to disease severity,  suggesting an 
important role for IL-17A and IL-17F in severe 
asthma.  

 Al-Ramli W et al. J Allergy Clin Immunol 2009;123:1185–7 

 Chakir J et al. J Allergy Clin Immunol 2003;111:1293–8 
 

• Elevated IL-17A levels also correlate 

to increased neutrophilic inflammation, a 
characteristic of severe and steroid-resistant asthma.  

 
 
• IL-17 in the pathogenesis of asthma, 
particularly severe, neutrophilic asthma. 

 
 



IL-17 in asthma 

Lee YC et al. J Immunol 2007; 79: 6820–6829. 



IL-17 in asthma 

Lee YC et al. J Immunol 2009;183: 3259–3267. 



IL-17 in asthma 

Lee YC et al. Eur Respir J 2010; 36: 1448–1459 



IL-17 in asthma 

Lee YC et al. Eur Respir J 2010; 36: 1448–1459 



Th2/Th17 cells in asthma 

Cosmi L et el. Allergy 2011 



Th17 cells in asthma; summary 

Aujlia SJ et al. Biochimica et Biophysica Acta 2011 



Oxidative Stress in various pulmonary disorders 

Lee YC, et al. Respirology (2009) 



Reactive oxygen species (ROS) in airways 



Lee YC et al. FASEB J 2004;18(15):1917-9 

Lee YC et al. Mol Pharmacol  2005;68(5):1281-90 

Lee YC et al. EMM 2007;39:756-768 

  

 

[Antioxidant therapy for asthma] 

Reactive oxygen species (ROS) in asthma 



ROS enhances asthmatic inflammation including Th2 response 



PPAR  as a ROS modulator 

Lee YC et al. J Allergy Clin Immunol 2006;118:120-7 



ROS and p38 signaling pathway 

1
0

4
 c

e
ll
s/

m
m

3
 

Lee YC et al. Am J Respir Crit Care Med 2011;183:1015–1024 



ROS and p38 signaling pathway 

Lee YC et al. Am J Respir Crit Care Med 2011;183:1015–1024 



Oxidative stress/ROS and steroid resistance 
 : reduction of HDAC2 expression 

Barnes PJ.  J  Allergy  Clin Immunol 2013;131:636-645 







Unfolded protein response? 

Three different classes of ER stress sensors have been identified 
 
- Inositol-requiring protein-1 (IRE1)  
- Activating transcription factor-6 (ATF6)  
- Protein kinase RNA (PKR)-like ER kinase (PERK) 

HOSOI T and OZAWA K. Clinical Science 2010:118, 19–29 



Endoplasmic reticulum (ER) stress is 
implicated in the pathogenesis of 

severe asthma  



Methods (1) 

0   1   2                                                   14                           20  21 22 23      25 

3 % OVA Challenge by nebulization on days 
21, 22, and 23. 

: sacrificed at 48 hours  after last challenge 

C57BL/6 mice were sensitized intranasally with 10g of 
OVA and 1g of LPS on days 0, 1, 2 and 14. 

: drug (PBA 80 mg/kg)  
  
   PBA was given intraperitoneally at 1 hour before the first challenge and at 6 hours after the last challenge.  

sacrifice 



ER stress is increased in bronchial asthma 



ER stress is increased in bronchial asthma 



ER stress is increased in bronchial asthma 



ER stress is increased in bronchial asthma 

A B 



4-PBA can regulate ER stress in bronchial asthma 

A B C 



4-PBA attenuates the airway inflammation and 
hyperreponsiveness in bronchial asthma 



Effects of dexamethasone on bronchial asthma 



Effects of dexamethasone on severe asthma 



ER stress in LPS-induced lung inflammation 

Lee YC et al. Sci Rep 2013;3:1142 



ER stress in LPS-induced lung inflammation 

Lee YC et al. Sci Rep 2013;3:1142 



ER stress in LPS-induced lung inflammation 

Lee YC et al. Sci Rep 2013;3:1142 



ER stress in LPS-induced lung inflammation 

Lee YC et al. Sci Rep 2013;3:1142 





•  nod-like receptors (NLRs), - critical in the initiation 
of inflammatory responses.  
 

•  located in the cytoplasm. 
 

•  implicated in the sensing of invading microbes, 
tissue damage, or stress. 

The NLRs 



•  comprises 22 family members in humans and 30 in 
mice.  
 

•  The NLR family can be further divided into 3 
subfamilies based on modular structure:  

 1. NODs (NOD1-5, CIITA)  
2. NLRPs (NLRP1-14) 
3. IPAF subfamily (IPAF/NLRC4,NAIP). 

The NLRs 





•  NLRP3, also known as cryopirin or NALP3, - the one 
of the best-characterized NLRP family members. 
 

• under resting conditions, expressed in myeloid 
immune cells, particularly splenic conventional DCs, 
monocytes, macrophages, and neutrophils.  

NLRP3 



•  forms a large signal-induced multiprotein complex, 
the inflammasome, resulting in pro-inflammatory 
caspase activation.  
 

•  a broad range of exogenous and endogenous 
stimuli activate the NLRP3 inflammasome. 

NLRP3 inflammasome 



Inflammasome 

NLRs 

ASC 

Casepase-1 

• Multiprotein complex  
• a sensor protein (NLRs)  
• the adapter protein ASC  
• the inflammatory protease caspase-1 



• Upon activation by diverse stimuli, NLRP3 proteins 
polymerize and bind to the ASC adaptor, - promotes 
the recruitment of pro-caspase-1. 
 

•  The NLRP3 inflammasome - promote caspase-1-
mediated activation of IL-1β and IL-18. 

NLRP3 



NLRP3 inflammasome  
in allergic airway inflammation 

allergic lung inflammation was reduced in the absence of NLRP3  

Besnard AG et al, Allergy 2011;66:1047-57 



NLRP3 inflammasome  
in allergic airway inflammation 

Eosinophil recruitment in the airways,  
mucus hypersecretion, and IL-1β were  
dramatically reduced in NLRP3-deficient mice,  
as well as Th2 cytokine and 
chemokine production.  
 

Besnard AG et al, Allergy 2011;66:1047-57 



Besnard AG et al, J Mol Cell  Biol 2012;4:3-10 



NLRP3 inflammasome activation - 
required together with a TLR4 signal to 
produce mature IL-1β and allergic lung 
inflammation. 

NLRP3 inflammasome 



NLRP3 inflammasome activation in bronchial asthma 
: Human BAL sample 

Unpublished data 





Mitochondrial ROS in allergic airway inflammation 

Pharmaceuticals (Basel). 2011 February 25; 4(3): 429–456. 

Mitochondrial dysfunction /oxidative stress in the development and 
progression of asthma 



Mitochondria are the main source of ROS sensed by the NLRP3 inflammasome. 



Mitochondrial ROS in allergic airway inflammation 

Unpublished data 

* Mitochondrial ROS (Mitotracker red CM-H2X ROS) is enhanced in allergic airway inflammation 



Mitochondrial ROS in allergic airway inflammation 

Unpublished data 

* Mitochondrial ROS inhibitor (Mito-tempo) attenuates allergic airway inflammation 



Mitochondria and ER in innate immune response 

Arnoult D, et al. EMBO reports (2011) 12, 901–910. 

Innate immune molecules such as NLRP3 have been associated with mitochondria. 



Mitochondria and ER in innate immune response 

Arnoult D, et al. EMBO reports (2011) 12, 901–910. 

On induction of mitochondrial ROS, NLRP3 localizes to the mitochondrial-associated endoplasmic 
reticulum membrane (MAM) with ASC and pro-caspase 1, inducing caspase-1 activation and the 
production of IL-1β and IL-18.  



Mitochondria and ER in innate immune response 

Arnoult D, et al. EMBO reports (2011) 12, 901–910. 

Both PAMPs and DAMPs trigger innate immunity following detection by PRRs.  
PRR activation leads to ER-inflammasome-mitochondrial fusion. 



ER stress and Inflammasome 

ER stress causes activation of the NLRP3 inflammasome, with subsequent 
release of the pro-inflammatory cytokine interleukin-1β. 

Menu P, et al. Cell Death dis 2012; 3:e261. 



ER-Mitochondrial ROS-NLRP3 inflammasome 
in allergic airway inflammation 

Unpublished data 

* Mitochondrial ROS inhibitor (Necrox-5)  or ER stress regulator (PBA) attenuates NLRP3  activation allergic airway 
inflammation 



ER-Mitochondrial ROS-NLRP3 inflammasome 
in allergic airway inflammation 

Unpublished data 

NLRP3  activation allergic airway inflammation 



ER-Mitochondrial ROS-NLRP3 inflammasome 
in severe asthma 



• There is an extensive researches on biomarkers - limitation 

 

• Severe asthma: IL-17, PI3K- δ, ROS 
 

• organelle dysfunction and origin of inflammatory cascades 
in line with immune systems - especially severe 
phenotypes. 

Take home message 



Take home message 

 
• NLRP3 inflammasome activation is required together 

with a TLR4 signal to produce mature IL-1β and allergic 
lung inflammation. 
 

• ER stress may be implicated in the pathogenesis of 
allergic lung inflammation.  
 

• ER-Mitochondrial ROS- inflammasome  complex is 
expected to be a novel concept in the pathogenesis of 

allergic inflammation. –GRP78, CHOP, Mitochondrial 
ROS, NLRP3 
 
 
 



Take home message 

 
 

• several potential candidates of biomarkers are 
expected to be applicable to clinical practice, specifically 
the estimation of therapeutic responses of orphan drugs 
such as 4-PBA or newly developing pharmacologic agents 
targeting severe asthma.  
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Pros and Cons of non-invasive techniques 

Z. Diamant et al. Pulmonary Pharmacology & Therapeutics (2010) 



Allergic reaction; acute to chronic 

Th2 dominant --------------------- Th1 dominant 

Mamessier E et al. Eur J Dermatol 2006; 16 (2): 103-13 



Th1/Th17 cells in other inflammation 

• Th17 to Th1 plasticity driven 
by the inflammatory environment 
in patients with autoimmune 
polyarthritis. 
 
• The respective role of Th17, 
Th17/Th1, and Th1 in the 
pathogenesis of chronic 
inflammatory disorders.  
 
 

Cosmi L et el. Allergy 2011, In press 
Nistala K et al. Proc Natl Acad Sci USA 2010;107:14751–14756 

Annunziato F et al. Nat Rev Rheumatol 2009;5:325–331 



Th2/Th17 cells in asthma 

Cosmi L et el. J Allergy Clin Immunol  
2010;125:222-230 



Th2/Th17 cells in asthma 

Wang YH et el.  
J. Exp. Med. 2010;207 :2479-2491 



Total and Allergen-Specific IgE 

• The presence of allergen-specific IgE is a biomarker for atopic 
asthma 
– Atopic status is an important phenotype and should be documented in 

clinical research studies 

• The multiallergen screen is a single semiquantitative serologic 
measure of IgE against major allergens 
– Core Biomarker 

– It characterizes an individual as atopic but does not specify as to which 
allergen(s) a person is sensitized 

• Quantitative serologic measures of individual allergen-specific IgE 
antibodies  
– Offer information on specific allergen sensitivities 

– Considered as supplemental biomarkers 



Total and Allergen-Specific IgE 

• Measurement of allergen-specific IgE by skin prick test, 
although widely used in the clinical setting,  
– is considered an emerging biomarker for research because of the 

variability of the test’s performance 

 

• Total serum IgE has been associated with asthma and is 
considered 
– a supplemental measure for study population characterization, as 

well as an outcome for intervention and observational studies, as 
deemed appropriate by study design 



Exhaled nitric oxide  

• FENO measured at a constant flow rate is  
– a simple, safe, and reproducible biomarker for use in asthma clinical 

trials 

 

• Although FENO values overlap among healthy, atopic, and 
asthmatic cohorts,  
– Changes in FENO values over time in individuals who have asthma 

are relevant to clinical research studies that seek to  
• Measure effects of interventions on airway inflammation, in particular the 

effects of antiinflammatory (eg, corticosteroid) therapies 



Exhaled nitric oxide  

• FENO levels of less than 25 ppb  
– Generally indicate lower likelihood for eosinophilic inflammation 

and responsiveness to corticosteroids 

 

• However, FENO cannot be used interchangeably with 
sputum eosinophilia as an outcome measure,  
– Given that eosinophilic inflammation and FENO levels do not always 

respond identically to treatment 



Exhaled nitric oxide  

• FENO is recommended  
– As a supplemental outcome in clinical trials that seek to evaluate 

effects of interventions on airway disease and/or to characterize 
corticosteroid-responsive phenotypes of asthma 



Sputum eosinophils 

• Analysis of eosinophil counts in induced sputum  

 
– Identifies patients who have eosinophilic and non-eosinophilic 

phenotypes of asthma  

 

– These inflammatory phenotypes can predict response to treatment 

 

– Supplemental outcome 



CBC/Blood eosinophils 

• Analysis of blood eosinophils by automated CBC provides 
useful information to  
– Characterize study populations for prospective clinical trials and 

observational studies in asthma 

 

• Blood eosinophils can be used as a biomarker to monitor  
– Systemic biological effects of pharmacologic and immunologic 

interventions in patients with asthma 



Urinary leukotriene E4 

• Urinary leukotriene E4 (LTE4) is a  
 

– Validated marker of cysteinyl leukotriene activity 

 

– Should be considered for incorporation in clinical trials of molecules 
that may directly or indirectly affect this pathway 



 
•  mediate secretion of IL-1β and IL-18 to initiate the 

inflammatory process. 

NLRP3 


