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Learning objectivesLearning objectives

�� Airway inflammation in asthma managementAirway inflammation in asthma management

�� Usefulness of induced sputumUsefulness of induced sputum

�� StrenghtsStrenghts and weaknesses of bronchial and weaknesses of bronchial 
endoscopic techniques endoscopic techniques to assess airway
diseases and evaluate airway
pathophysiology



Endoscopic sampling for airway Endoscopic sampling for airway 

inflammatory diseasesinflammatory diseases

SynopsisSynopsis

�� EndoscopicEndoscopic techniques for techniques for assessmentassessment of of 

airwayairway featuresfeatures

�� Indications and Indications and usefulnessusefulness of of thesethese

techniquestechniques

�� WeaknessesWeaknesses of of thisthis type of type of samplingsampling

�� ConclusionsConclusions



� Initially for assessment of endobronchial
tumors/lesions/foreign bodies, etc…

� Development of BAL (+TBBx) for the assessment of 
interstitial lung diseases
– Sarcoidosis

– Allergic Alveolitis

– Others…

� Standardization for assessment of airway
inflammatory disorders (e.g. Asthma…)
– BAL

– Bronchial biopsies

Flexible Flexible bronchoscopybronchoscopy



AirwayAirway inflammation and inflammation and 
remodelingremodeling in in asthmaasthma



Bronchial brushingsBronchial brushings

�� Bronchial epithelial cell Bronchial epithelial cell 

sampling sampling (e.g. for cultures)(e.g. for cultures)



BronchoalveolarBronchoalveolar lavagelavage

�� Cell differentialCell differential

�� Mediator & cytokines measurementsMediator & cytokines measurements



Bronchial biopsiesBronchial biopsies

Tissue Tissue samplingsampling

�� Light Light microscopymicroscopy,,

�� ElectronElectron microscopymicroscopy

�� ImmunohistochemicalImmunohistochemical stainsstains,,

fluorescence, influorescence, in--situ situ hybridizationhybridization, , 

or PCR for or PCR for mRNAmRNA expression for expression for 

cytokines and cytokines and adhesionadhesion moleculesmolecules

�� CellCell functionfunction

�� CellCell culturescultures

�� GenesGenes analysesanalyses

Forceps

Bonchial biopsy

Inflammation and structural changes



EndoscopicEndoscopic techniques: techniques: 

limitationslimitations

�� Should be done in a research setting mostly, by Should be done in a research setting mostly, by 
experienced experienced endoscopistsendoscopists, with all human and , with all human and 
material resources neededmaterial resources needed

�� Cannot usually be performed if airway obstruction Cannot usually be performed if airway obstruction 
is too severe or the patient unstableis too severe or the patient unstable

�� Potential sidePotential side--effects of the technique or effects of the technique or 
medication usedmedication used

• Safety and good tolerance of these procedures in 
asthma patients of mild, moderate and severe 
disease have been well documented



BAL: BAL: advantagesadvantages

�� Samples obtained by BAL include luminal Samples obtained by BAL include luminal 
cells (predominantly macrophages) and cells (predominantly macrophages) and 
soluble factors coming from a relatively soluble factors coming from a relatively 
large airway surface area, including the large airway surface area, including the 
peripheral airwaysperipheral airways

�� With sequential With sequential lavagelavage, it is possible to , it is possible to 
observe the results of allergen and placebo  observe the results of allergen and placebo  
challenge in the same individual over timechallenge in the same individual over time

�� BAL includes both mediators and cells BAL includes both mediators and cells 
released into the fluid phase released into the fluid phase 

Adapted from Jeffery et al. 2003



�� Recovery of biological samples in the form of Recovery of biological samples in the form of 

cellular and soluble materials from medium and cellular and soluble materials from medium and 

small airways, and alveolar spaces. small airways, and alveolar spaces. 

�� BAL has aided in the identification of many BAL has aided in the identification of many 

mediators currently thought to have a significant mediators currently thought to have a significant 

role in the role in the pathophysiologypathophysiology of asthma of asthma 
(e.g. IL(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, TNFCSF, TNF--a,  a,  

ICAMICAM--1)1)

Murugan et al. 2009

BAL: BAL: strenghtsstrenghts



BAL: limitationsBAL: limitations

�� No spatial, structural, or No spatial, structural, or histologichistologic informationinformation

�� Cellular signals may be affected by the method of collectionCellular signals may be affected by the method of collection

�� The source of the cell sample is imprecise The source of the cell sample is imprecise 

�� The volume of sample recovered may relate to disease The volume of sample recovered may relate to disease 

severity severity -- dilution factors  dilution factors  

�� The procedure itself or handling and processing of samples The procedure itself or handling and processing of samples 

may introduce may introduce artifactsartifacts (e.g., (e.g., lidocainelidocaine and bronchodilators may affect cell activity)and bronchodilators may affect cell activity)

�� The removal, washing, centrifuging, and The removal, washing, centrifuging, and resuspensionresuspension of of 

mucus can activate cells and confound the cell and solute mucus can activate cells and confound the cell and solute 

information. information. 

�� BAL process may lead to transient fever within 24 hours after BAL process may lead to transient fever within 24 hours after 

the the lavagelavage,  occasionally associated with lung infiltrates,  occasionally associated with lung infiltrates

Adapted from Jeffery et al. 2003



�� Increased numbers of Increased numbers of eosinophilseosinophils is suggestive of is suggestive of 

asthma although asthma although neutrophilsneutrophils can be increased, can be increased, 

particularly in severe asthmaparticularly in severe asthma

�� Various cytokines can be measured e.g. ILVarious cytokines can be measured e.g. IL--1, IL1, IL--2, 2, 

ILIL--4, IL4, IL--5, IL5, IL--6, IL6, IL--10, IL10, IL--13, GM13, GM--CSF, TNFCSF, TNF--a, a, 

ICAMICAM--1)1)

�� No consistent correlation with asthma severity No consistent correlation with asthma severity 

BAL in BAL in asthmaasthma



�� The predominant cell type in BAL of individuals with COPD is The predominant cell type in BAL of individuals with COPD is 

the alveolar macrophagethe 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 

�� ECP, ECP, myeloperoxidasemyeloperoxidase, and IL, and IL--8 are frequently increased in 8 are frequently increased in 

patients with COPD and in healthy smokers.patients with COPD and in healthy smokers.

BAL in COPDBAL in COPD



The clinical utility of BAL fluid biomarkers is The clinical utility of BAL fluid biomarkers is 

questioned by the lack of standardization from questioned by the lack of standardization from 

laboratory to laboratory in reporting the levels of laboratory to laboratory in reporting the levels of 

various markers, making comparisons between various markers, making comparisons between 

laboratories difficult. laboratories difficult. 

As disease state changes, and volume recovery As disease state changes, and volume recovery 

changes, interpretation of serial evaluation in the changes, interpretation of serial evaluation in the 

same individual is troublesome. same individual is troublesome. 

Murugan et al. 2009

BAL: limitationsBAL: limitations



EndobronchialEndobronchial biopsies: biopsies: 
-- a a usefuluseful researchresearch tooltool

�� Directly samples the resident cellsDirectly samples the resident cells

�� Spatial relationships of structural components maintained Spatial relationships of structural components maintained 

�� Assesses the status of the airway mucosaAssesses the status of the airway mucosa

�� Individual structural components can be identifiedIndividual structural components can be identified

�� Structures can be removed and studied in isolation using Structures can be removed and studied in isolation using 

laser capture dissection laser capture dissection 

�� Inflammatory cell subtypes can be identified by Inflammatory cell subtypes can be identified by 

immunostainingimmunostaining

�� Biomarkers of epithelial damage can be studiedBiomarkers of epithelial damage can be studied

Adapted from Jeffery et al. 2003



EndobronchialEndobronchial biopsies: biopsies: 
-- a a usefuluseful researchresearch tooltool

�� Immunologic cascades can be studied using Immunologic cascades can be studied using 

immunohistochemistryimmunohistochemistry, ISH, and microarray analysis , ISH, and microarray analysis 

(for assessment of gene expression) (for assessment of gene expression) 

�� Tissue explants and cells derived from biopsies can also Tissue explants and cells derived from biopsies can also 

be preserved in culturebe preserved in culture

�� Resident cells, such as airway smooth muscle Resident cells, such as airway smooth muscle myocytesmyocytes, , 

have successfully been dissected from have successfully been dissected from endobronchialendobronchial

biopsies from subjects with asthma, allowing measuresbiopsies from subjects with asthma, allowing measures

of the proliferative  responses of these cells of the proliferative  responses of these cells 

Adapted from Jeffery et al. 2003



Airway morphologyAirway morphology

Smooth muscle

Epithelium

Vessels

Basement membrane



Squamous cell metaplasia

Collagen I

Bronchial biopsies of smoking asthmatic patients



InflammatoryInflammatory cellscells in Bronchial biopsiesin Bronchial biopsies



Relationship between airways responsiveness to 
methacholine and the number of (A) CD3 +, (B) CD4 +,
(C) CD8+, and (D) CD45RO + in the bronchial lamina 
propria Sont et al. Thorax 1996



Biomarkers in severe asthma

Bronchial biopsy 
sections from patients 
with severe asthma 
showing MBP1 
eosinophils (a), 
CD681 macrophages 
(b), neutrophil
elastase-positive 
neutrophils (c) 
and CD31 T cells (d)

Macedo et al. 2009
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BiomarkersBiomarkers in in bronchial biopsies bronchial biopsies 
((asthmaasthma))

• Epithelial shedding, goblet cell hyperplasia, thickened 
lamina reticularis

• 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 expression, 
also IL-5 and eotaxin expression and reduced IL-4 
expression of severe asthma compared with moderate 
disease



�� Increase in macrophages, CD8Increase in macrophages, CD8++ TT--cells +cells +eosinophilseosinophils

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

�� The number of ILThe number of IL--17A17A++, IL, IL--2222++, IL, IL--2222++ and ILand IL--2323++

immunoreactiveimmunoreactive cells is increased in the bronchial cells is increased in the bronchial 
epithelium  epithelium  

�� The number of cells expressing YKLThe number of cells expressing YKL--40, a chitin40, a chitin--binding binding 
protein that is elevated in patients with various protein that is elevated in patients with various 
inflammatory conditionsinflammatory conditions

�� Altered surfactant protein (SP)Altered surfactant protein (SP)--A expression in human A expression in human 
lung tissue samples obtained from patients with COPDlung tissue samples obtained from patients with COPD

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



LD pattern for SFRP1. A, 
SFRP1 LD pattern in the 
SLSJ familial sample. B, 
SFRP1 LD pattern in the
CAPPS cohort. C, SFRP1 
LD pattern in the SAGE 
cohort. D, SFRP1 LD 
pattern in the Busselton
cohort. The location of 
each tested TagSNP along 
the chromosome is 
indicated in the upper 
part of the figure. 
The numberin each
diamond indicates 
the magnitude of LD (D9) 
as a percentage between 
respective pairs of SNPs.
The strength of LD is 
depicted by progression 
of color.

Genetic variation in immune signaling genes differentially
expressed in asthmatic lung tissues Tremblay et al. 2008



Bronchial biopsies for Bronchial biopsies for cellcell culturescultures

Reconstitution of bronchial mucosa

Bronchial Biopsies
Fibroblasts Epithelial cells



EndobronchialEndobronchial biopsies: biopsies: 

limitationslimitations

� Samples are limited in size to between 1 - 2 mm diameter

� They may not be representative of the entire conducting 
airways (mainly from proximal airways and from 
subcarinae peribronchial tissue (deep to the mucosa) 
is not included in endobronchial samples

� The procedure itself may induce artifacts, especially due 
to forceps damage 

� Biopsy procedure itself creates scar tissue and can 
initiate cellular processes that can proceed during the 
interval (seconds) between sampling and fixation

� Biopsy provides only a snapshot in time of an ongoing 
disease process

Adapted Jeffery et al. 2003



� Bronchial biopsies to quantify inflammation are 
limited by normal  anatomic variability, patchy focal 
inflammation, sample size, and number of biopsy 
specimens and quantification of cellular infiltrate. 

� Studies evaluating the variability and reproducibility 
of data obtained from bronchial biopsies of 
asthmatics suggest a sample size of 8–25 
individuals to study individual cell types and 13–48 
individuals per arm in parallel design drug studies 
are required to establish adequate statistical power.

MuriganMurigan et al 2009et al 2009

EndobronchialEndobronchial biopsies: biopsies: 

limitationslimitations



MorphometricMorphometric measurementsmeasurements



BronchoscopyBronchoscopy in the in the treatmenttreatment

of of asthmaasthma: : thermoplastythermoplasty !!



ConclusionsConclusions

�� Endoscopic techniques may be very Endoscopic techniques may be very 
helpful in the study of the helpful in the study of the 
pathophysiologypathophysiology of airway diseasesof airway diseases

�� These techniques are invasive and not These techniques are invasive and not 
suitable for clinical assessmentsuitable for clinical assessment
of asthma & COPD of asthma & COPD 

�� New developments can optimize the New developments can optimize the 
usefulness of these samplingusefulness of these sampling


