
BBiomarkers in asthma and COPDiomarkers in asthma and COPD

LouisLouis--Philippe Boulet Philippe Boulet 
MD FRCPC FCCPMD FRCPC FCCP

QuebecQuebec HeartHeart & Lung Institute& Lung Institute

QuebecQuebec City, CanadaCity, Canada



QuebecQuebec CityCity

World Asthma Congress
2012



Biomarkers in asthma and COPDBiomarkers in asthma and COPD

�� To provide insight into how disordered cell To provide insight into how disordered cell 
and molecular processes in these diseases and molecular processes in these diseases 
can be used as diagnostic and prognostic can be used as diagnostic and prognostic 
tests tests 

�� To offer new knowledge about methods To offer new knowledge about methods 
used to find biomarkers related to disease used to find biomarkers related to disease 
mechanismsmechanisms

�� To provide some examples of biomarkers To provide some examples of biomarkers 
that influence the stratification of diseasesthat influence the stratification of diseases



Biomarkers in asthma and COPD

Publications per year

Before 2000: < 100

Biomarkers & asthma

- 2000 : 300

- 2010: 600

Biomarkers and COPD

- 2000 : 50

- 2010: 250



BiomarkersBiomarkers in in asthmaasthma

Diamant 
Pulmonary
Pharmacology
& Therapeutics
2010



BiomarkersBiomarkers of COPD:of COPD:

markers of the markers of the diseasedisease and/or smoking ?and/or smoking ?
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Why search for biomarkers ?Why search for biomarkers ?

1.1. Define populationsDefine populations that will derive most benefit from a that will derive most benefit from a 

drug (drug (pharmacogeneticspharmacogenetics))

2.2. ImproveImprove drug development drug development (pharmacokinetics) (pharmacokinetics) 

3.3. PredictPredict disease course disease course (to justify more intense or (to justify more intense or 

prolonged treatments) (diagnostics and prognostics)prolonged treatments) (diagnostics and prognostics)

4.4. MonitorMonitor the effects of therapy the effects of therapy ((pharmacodynamicspharmacodynamics) ) 

5.5. PredictPredict clinical outcomes clinical outcomes (surrogate end(surrogate end--points) points) 

6.6. MonitorMonitor adverse events adverse events (safety biomarkers) (safety biomarkers) 

7.7. IdentifyIdentify new biological new biological pathways involved in the pathways involved in the 

pathology of COPD and identify pathology of COPD and identify new treatment new treatment 

opportunities.  opportunities.  

CazzolaCazzola M & M & NovelliNovelli G. G. PulmPulm PharmacolPharmacol TherTher 20102010



Characteristics of an Ideal BiomarkerCharacteristics of an Ideal Biomarker

� Clear relationship between the biomarker and the 
pathophysiological events in a disorder - informsnforms on the disease on the disease 

process and prognosisprocess and prognosis

�� Reliable and reproducible in a routine clinical settingReliable and reproducible in a routine clinical setting

�� InexpensiveInexpensive

�� Measurable changes in response to interventionMeasurable changes in response to intervention

�� Little or no diurnal variationLittle or no diurnal variation

�� Sensitive, diseaseSensitive, disease--specific, high positive and negative specific, high positive and negative 

ppredictiveredictive valuesvalues

�� Sampling method simple and acceptable to patientsSampling method simple and acceptable to patients

Lesko LJ, Atkinson AJ 2001

Sin and Sin and VestboVestbo 20092009

CazzolaCazzola M & M & NovelliNovelli 20102010



WhereWhere to to searchsearch for for biomarkersbiomarkers??

�� Blood and Blood and urinaryurinary samplessamples

�� BAL and bronchial biopsiesBAL and bronchial biopsies

�� InducedInduced sputumsputum

�� ExhaledExhaled air (air (gasesgases, EBC, , EBC, VOCsVOCs,,……))



Diamant et al. 2010



ExamplesExamples of of biomarkersbiomarkers for for asthmaasthma

BAL BAL -- No consistent correlation with asthma severity No consistent correlation with asthma severity 

Increased numbers of Increased numbers of eosinophilseosinophils -- neutrophilsneutrophils in severe asthmain severe asthma

Various cytokines e.g. ILVarious cytokines e.g. IL--1, IL1, IL--2, IL2, IL--4, IL4, IL--5, IL5, IL--6, IL6, IL--10, IL10, IL--13, GM13, GM--CSF, CSF, 

TNFTNF--a, ICAMa, ICAM--1)1)

Bronchial biopsiesBronchial biopsies

• Epithelial shedding, goblet cell hyperplasia, subepithelial collagen deposition 

• Submucosal eosinophilic and lymphocytic infiltration

• Increased granulation of mast cells and high affinity IgE receptor bearing cells

• Increased expression of IL-4, IL-5, endothelin, eotaxin and ICAM-1 enhanced 
IL-8 and IFN-g  & IL-5 and eotaxin expression - reduced IL-4  expression of 
severe asthma 



Asthma inflammatory phenotypesAsthma inflammatory phenotypes

PAUCYGRANOLOCYTOPENIC
NEUTROPHILIC

Neutrophil elastase stain Haematoxylin and eosin stain
May-Giemsa
staining

Viral & bacterial infections
Cigarette Smoking
Pollutants
Athlete /obese
Occupational
Others

Allergens
Sensitizing agents
Steroid reduction
Others

CS-resistant asthma ?
High-doses of CS ?
Others



How can a biomarker might be used 
to reduce future risk in asthma

1) it might be used to improve overall asthma control by 

optimising maintenance anti-inflammatory therapy. 

- AHR (methacholine) and induced sputum eosinophil counts  

have been used to adjust ICS dose

2) a biomarker might be used to predict individual asthma 

events

- sputum eosinophil counts to predict future loss of 

control ?

Taylor 2009



Exhaled nitric oxide Exhaled nitric oxide ((FFENONO))

May have a role in asthma for:May have a role in asthma for:

�� The diagnosis of airways disease The diagnosis of airways disease 

�� (severe asthma) (severe asthma) 

�� The identification of corticosteroid The identification of corticosteroid 

responsive disease  responsive disease  

�� To guide the titration of corticosteroid dose To guide the titration of corticosteroid dose 

�� FollowFollow--up and risk analysis ?up and risk analysis ?



Suggested algorithm for assessment
of patients presenting with untreated
airway disease

Pavord et al 
J Asthma 2008



Exhaled nitric oxide Exhaled nitric oxide ((FFENONO))

On changes in sputum eosinophils and FeNO after 
reducing ICS therapy

“The changes in sputum eosinophils correlated with 
subsequent negative changes in symptoms and lung 
function, and were a significant predictor for 
reduction in ACQ score (ie, improved asthma 
control)”

Jatakanon 2009



Evaluation of Evaluation of asthmaasthma control control withwith inducedinduced
sputumsputum eosinophiliaeosinophilia

Green et al Lancet 2002; 360: 1715-1721.

Does a strategy that minimized airway eosinophilia reduces
asthma exacerbations compared to a standard management strategy ?

- 74 patients with moderate to severe asthma
- BTS Guidelines vs eosinophils control
- Assessment over a 12 months period

Severe exacerbations    Hospital admissions

- BTS 109                                  6

- Sputum eosinophils 35                                   1
( p= 0.01) ( p= 0.047)
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Asthma exacerbations and induced
sputum analysis

Pizzichini MMet al. Am Respir J Crit Care Med 1997;155:1501-8



�� The predominant (80%) cell type in BAL of individuals with The predominant (80%) cell type in BAL of individuals with 

COPD is the alveolar macrophageCOPD is the alveolar macrophage

�� The percentage of CD8The percentage of CD8++ T lymphocytes is significantly higher, T lymphocytes is significantly higher, 

and that of CD4+ Tand that of CD4+ T--cells significantly lower, in COPD (and cells significantly lower, in COPD (and 

healthy smokers) compared with healthy nonhealthy smokers) compared with healthy non--smokerssmokers

�� NeutrophilsNeutrophils and and eosinophilseosinophils have generally been shown to be have generally been shown to be 

increased in COPD BAL increased in COPD BAL 

�� Mast cell numbers have also been reported to be increased Mast cell numbers have also been reported to be increased 

�� EosinophilEosinophil cationic protein (ECP), cationic protein (ECP), myeloperoxidasemyeloperoxidase, and IL, and IL--8 8 

are frequently increased in patients with COPD and in healthy are frequently increased in patients with COPD and in healthy 

smokers.smokers.

BiomarkersBiomarkers in in BAL (COPD)BAL (COPD)



�� Increase in macrophages and CD8Increase in macrophages and CD8++ TT--cells; cells; eosinophilseosinophils are are 

increased  increased  -- lower counts in COPD patients with chronic bronchitislower counts in COPD patients with chronic bronchitis

�� Increased expression of CCL5 and CXCL7 in the bronchial mucosa Increased expression of CCL5 and CXCL7 in the bronchial mucosa 

if stableif stable

�� The number of ILThe number of IL--2222++ and ILand IL--2323++ immunoreactiveimmunoreactive cells is increased cells is increased 

in the bronchial epithelium of stable COPD compared with controlin the bronchial epithelium of stable COPD compared with control

groups (ILgroups (IL--17A17A++ and ILand IL--2222++ immunoreactiveimmunoreactive cells increased in the cells increased in the 

bronchial bronchial submucosasubmucosa of COPD compared with control nonof COPD compared with control non--smokerssmokers

�� The number of cells expressing YKLThe number of cells expressing YKL--40, a chitin40, a chitin--binding protein that binding protein that 

is elevated in patients with various inflammatory conditions.is elevated in patients with various inflammatory conditions.

�� Altered surfactant protein (SP)Altered surfactant protein (SP)--A expression in human lung tissue A expression in human lung tissue 

samples obtained from patients with COPD samples obtained from patients with COPD 

BiomarkersBiomarkers in in bronchial biopsies (COPD)bronchial biopsies (COPD)



�� Increase in the percentage of Increase in the percentage of neutrophilsneutrophils

�� InflammatoryInflammatory mediatorsmediators involvedinvolved in in neutrophilneutrophil

recruitmentrecruitment & & metabolismmetabolism (e.g. IL(e.g. IL--8, GRO8, GROαα, , LTBLTB44, , 

neutrophilneutrophil elastaseelastase, MCP, MCP--1, and 1, and humanhuman neutrophilneutrophil

lipocalinlipocalin [HNL]) + MPO [HNL]) + MPO elevatedelevated in in sputumsputum fromfrom

stable COPD patientsstable COPD patients

�� Increased MMPsIncreased MMPs--1, 1, --8, 8, --9 and TIMP9 and TIMP--11

InducedInduced sputumsputum: COPD: COPD



ExhaledExhaled biomarkersbiomarkers: : COPDCOPD

�� FEFENONO does not seem to be useful, as the levels are usually does not seem to be useful, as the levels are usually 
normal or only slightly elevated, except during exacerbations normal or only slightly elevated, except during exacerbations 
(due to increase in oxidative stress, resulting in formation of (due to increase in oxidative stress, resulting in formation of 
peroxynitriteperoxynitrite and then nitrate, so that NO is removed from the and then nitrate, so that NO is removed from the 
gaseous phase )gaseous phase )

�� An increase in FEAn increase in FENONO in patients with COPD is correlated with in patients with COPD is correlated with 
increased numbers of increased numbers of eosinophilseosinophils, an increased , an increased 
bronchodilator response, and steroid responsiveness, and so bronchodilator response, and steroid responsiveness, and so 
may be useful in detecting associated asthma, but it has no may be useful in detecting associated asthma, but it has no 
clear prognostic utilityclear prognostic utility

�� Using a twoUsing a two--compartment model as a research tool it has compartment model as a research tool it has 
been demonstrated that NO is elevated in the alveolar been demonstrated that NO is elevated in the alveolar 
compartment of COPD patients and correlated with disease compartment of COPD patients and correlated with disease 
severityseverity



Blood markers in COPD

�� Surfactant protein D (SPSurfactant protein D (SP--D)D)

�� FibrinogenFibrinogen

�� CRPCRP



BiomarkersBiomarkers in COPDin COPD

�� A review of 652 studies suggested that few A review of 652 studies suggested that few 

biomarkers have been validated, and biomarkers have been validated, and there is little there is little 

information about reproducibility and the relationship information about reproducibility and the relationship 

to disease development, severity, or progressionto disease development, severity, or progression

�� Only sputum Only sputum neutrophilsneutrophils and interleukin (IL)and interleukin (IL)--8, 8, 

as well as serum as well as serum tumourtumour necrosis factor (TNF)necrosis factor (TNF)--αα and and 

CC--reactive protein (CRP), showed any trend toward reactive protein (CRP), showed any trend toward 

separating different stages of COPD.separating different stages of COPD.

FranciosiFranciosi LG et al. LG et al. PulmPulm PharmacolPharmacol TherTher 20062006



ProcalcitoninProcalcitonin and C reactive protein in and C reactive protein in hospitalisedhospitalised adult adult 

patients with community acquired pneumonia, patients with community acquired pneumonia, 

exacerbation of asthma and exacerbation of asthma and COPDCOPD

ProcalcitoninProcalcitonin and CRP levels helped distinguish pneumonia from exacerbations and CRP levels helped distinguish pneumonia from exacerbations 

of asthma. CRP levels could be used to guide antibiotic therapy.of asthma. CRP levels could be used to guide antibiotic therapy.

Bafadhel et al. CHEST 2010



Some « sophisticated » methods to 
find biomarkers …



The important factors in relation to biomarkers and disease The important factors in relation to biomarkers and disease 
characteristics or drug response in either the scientific advicecharacteristics or drug response in either the scientific advice or or 
regulatory approval process include:regulatory approval process include:

1.1. The identification of wholeThe identification of whole--OMIC high throughput OMIC high throughput 
platforms (genomics, platforms (genomics, tanscriptomictanscriptomic, proteomics, , proteomics, 
metabolomicsmetabolomics,, etc.) for biomarkers identification and etc.) for biomarkers identification and 
validation;validation;

2.2. The evaluation of customized/gene specific assay for The evaluation of customized/gene specific assay for 
biomarkers validation in patientsbiomarkers validation in patients’’ cells/tissues/samples cells/tissues/samples 
and the evaluation of bioinformatics tools.  and the evaluation of bioinformatics tools.  

CriteriaCriteria for for developingdeveloping novelnovel biomarkersbiomarkers



BiomarkersBiomarkers of COPD: of COPD: GeneticGenetic markersmarkers



�� 220 genes whose expression in lung tissue was 220 genes whose expression in lung tissue was 

associated with COPDassociated with COPD--related phenotypes  related phenotypes  

�� The ability to identify COPDThe ability to identify COPD--related processes in related processes in 

airway gene expression raises the possibility of airway gene expression raises the possibility of 

developing airway biomarkersdeveloping airway biomarkers that could be used that could be used 

clinically to identify smokers at higher risk for clinically to identify smokers at higher risk for 

developing disease as well as to serve as developing disease as well as to serve as 

intermediate biomarkers of efficacy for novel and intermediate biomarkers of efficacy for novel and 

existing COPD therapies. existing COPD therapies. 

BiomarkersBiomarkers of COPD: Gene expressionof COPD: Gene expression



ElectronicElectronic NoseNose ((olfactometryolfactometry))

� Non-invasive and portable - Uses high-dimensional
biomarker signal - Produces individual signature: 
« breath » print

� Potential tool for diagnosis and monitoring of anti-
inflammatory therapy

� Technology still developing & validation pocedures
to perform - Complex analyses

� Promising technique for both clinical and research
applications

� Could differenciate asthma from COPD from
Normals (P Sterk’s group)



Proteome analysis to find new biomarkers
in EBC for asthma diagnosis and follow-up

� The use of proteome analysis may reveal disease-specific proteolytic
peptide or protein patterns, and help find novel proteins for the 
detection of asthma

� Liquid chromatography and mass spectrometry used to separate and 
detect proteins (proteolytic peptides) present in EBC samples from
30 healthy children and 40 children with asthma in the age group of 
6-12 years

� Support vector machine analysis resulted in differentiating profiles 
based on asthma status but no correlation with spirometry, FENO, 
and EBC pH or  LTB4 

� The more abundant proteins in EBC were identified as cytokeratins, 
albumin, actin, haemoglobin, lysozyme, dermcidin, and calgranulin B 

� This study shows that EBC contains proteins that are of interest for 
future non-invasive

BLOEMEN K, Van Den Heuvel R, Govarts E, Hooyberghs J, et al. A new approach to study exhaled proteins as potential biomarkers for 
asthma. Clin Exp Allergy. 2010 Nov 24 EPUB



MetabolomicsMetabolomics



Receiver operating characteristics (ROC) curves for FeNO, EBC pH and 

their combination in the identification  of well-controlled asthma

Kotsikas et al. Resp Med 2010

Combined markers ?Combined markers ?



ConclusionsConclusions

�� There There isis an intense an intense researchresearch effort on effort on 

biomarkersbiomarkers in in respiratoryrespiratory diseasesdiseases

�� Can help in the Can help in the diagnosisdiagnosis and and predictionprediction of of 

outcomesoutcomes –– cancan guide guide therapytherapy

�� PromisingPromising but the but the relationshipsrelationships withwith diseasedisease

activityactivity and and outcomeoutcome to to betterbetter definedefine

�� SearchSearch for the for the idealideal markersmarkers……


