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2 J]ag @SIS and course off COPD/Asthma
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—  — Chest X-rays

~* No direct measure of lung inflammation is
routinely used




WIEIArE: DIomArKers?amss

- BlonlellEeEllE objectlvely measured and
evr uated Indicaters ofi normal bielegical
Jol PLEsses, pathogenic processes or

_ SPnarmacological responses to a
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= therapeutic intervention
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WIS TNISISOEXCITINGZas

SAVENYAAISEASES aler characterized by
Jh'f*’e piciintiammation and oxidative stress

r\ thima, COPD, bronchiectasis, cystic
eSS and ILD are examples
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*"1 nflammatlon is not directly measured by
any routine investigation done at present

e Vieasuring biomarkers may make this
possible




SRETOCHIal PIePSIES are the “goldl standard™
VRS
SICANNOL be routine
SSICannot be repeated often
,4' : "'J Srchlldren and those with severe disease

s [nvasive
® |nfection
® |mpair gas exchange

s Symptoms are a poor indicator
® Perception
® Masking by SABA/LABA




- mine/methacholine challenges
Confounded Py Brenchodilator use

ée Jitlim induction

& < Unpleasant
snflammation lasts 24 h
e Cannot be repeated in less than 24h
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=EXAIE edrBreatn, Condensate

EJJH glialtlimg ﬂUId contains 200 volatile
HISTANCES and various nenvolatile

5 9512RCES

) | |t|aI flocus on volatile substances

~1:rart|cularly NO
s Studies are now focusing on nonvolatile
substances e.g. proteins, lipids, oxidants

and nucleotides




ROSSINlties

SPEIENMINING NOSE INflammatory respenses
ro MR/AInthe lung

§S|ble single noninvasive sampling
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'ethod for point-of-care real-time analysis
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SMEXIeled oreatn IS saturated with water:
VeeiRwhich can be condensed with
G 'Iing
:"""‘A particles from the lower tract are
— also present

—
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~ = Spurce: alveoli vs. airway e.g. H,O, IS
from airways (flow dependent)




SNEZNIAItIcIES/cm®
- :n_diameter < 0.3um
NN inler depends on

— s \/alocity
e Syrface tension
s Turbulent flow
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IOIIENMS

- GJ@;» /polystyrene/polypropy_leﬁe
/’Dry ice/ liguid' nitregen
PINBOSE clips open nasopharyngeal velum

::: "%-10 min to get 1-3 ml of EBC

= s Contamination

® Exhaled air (two way non-rebreathing valve)
e Saliva ( trap, mouth rinsing, salivary amylase)
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Cond ition

Cloarette srmokers
COPD

Asthma

Chronic bronchitis

ALIFARDS
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Com poned

Hy0,, S-lsgpostane

H. 0., S-lsgprostane, serotonin,
cytokings (IL-1, siL-2R, ThF-x)

Hy0,, S-lsgostane, nitraty os
thizxbarbituric acid-resctive products,
kEukotrienss, pH

Leukakrienas

H.0.

Hz02, nitrite, &-lsoprostane, IL-8

H:02, S-lsoprostane, PGE;
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SIHGKING

® rJ,F Prcl measurer o oxidant acti_vity
- els I sSmekers 5x higher

'1_-'
e

Ie Smokers > Female smokers

fevels in EBC are lower than in alveoli as
here IS removal by the anti-oxidant
system

® Higher levels may indicate risk of
developing smoking-related disease







SNONEVEIS arerincreased i vronchial
,br* me (Alving et alf 93)

ferinflammatory mediator with

| munomodulatory effects. Predisposes
“J‘to the development of AHR in pathological
- '_ situations

s A weak mediator of sm relaxation In
physiological situations

® Originates in airway epithelium




Mm [Se R a large numier of conditions
ou ISHmEst marked in allergic ainway
I- Sease
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e

ortable INEXpensive meters can measure
it ‘easily

s \lore relevant direct measure of

inflammation which complements PFT
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SIOIINAEQEE Ol Correlation With
Swsiephilic ainvay inflammation
o ”inophilic inflammation responds to
er0|ds

responsweness In pts with non-specific
Symptoms

® |CS treatment results in a fall in levels in a
dose dependent manner
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,(; al |IInesses can give false positive
—esults (Wait 6 wWKks)

== More sensitive than spirometry and
therefore will pick up disease where lung
fin Is still normal
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NOIIESPECITICrespiratoryssymptoms™

ROIENNIASSESSING Lindiagnosed’ respiratory
J/r PLems
| S|n0ph|I|C pBronchitis, cough variant
= sthma post-viral hyperresponsiveness,

L
=_ =

= Post-nasal drip, GE reflux, VCD, COPD

~ = A rise in FENO predicts steroid
[[eSPOoNSIVENESS




ESSCO0! ehildren

- J]dg @SINgl asthma firom nen-asthima in
vvr sezyinfants using F-NO: either offline or
Of e

~V1dence for reliability as a screening tool
“ 5 mixed

— May allow better targeting of anti-
Inflammatory therapy




Jn'f__l, S[ICE ofratopy

- e JElsrare ralsed I 2topIc |nd|V|duaIs even
IRthEraksence of symptoms suggesting
Jr\ NEvels of airway inflammation

—omplements skin testing and correlates
—Wwelllwith IgE levels

~ = No evidence to treat asymptomatic
Individuals




VIENEAGEMENt 0l chronicrastima™

SHEVICHING EXACErations
PIEdicting outcomes of ICS withdrawal
BWAdjbstment of ICS dose
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ARd TBAR

SNICIEASED IEVEISTIN asthimal
SBlcormelation between the two

N Itrease in levels associated with a drop

—_—

-_ fm;__‘m EEV,

Incre EEJ¢:| h-\ :Ir"--Hn peroxide :|.11:| thiisc tu.TtLtun.. :L"J:I -feactive pro :I—
ucts in expired breath condensate of asthmatic patients. Ear Resper J
159 7;10:1235-1241.




e glillicant reduction with treatment with
JC, WhIch remained stable for 2 weeks
2if er discontinuation

e — = =
T :"- -
e

:-___-l—"'__ _-
—

tizns tI l:L decTense h\:lr-u.:--n MIE.DI'I Il. ercxide l1.r l]nu.‘I]:LT :|.E|LT
condensate in asthmatic patients, Respdr Med 20000094:4 16421,




oS IEVEISHnChIlAremsss

eoiiElave Well With symptoms
AIVECTEase with ICS treatment

A2 Ibe & good measure for monitoring
| -—-J-jmprovement with treatment

= Dohlman AW, Black HR, Rovall JA. Expired breath hydrogen peroxide
i 0 marker of acute airway inflammation in pediatric patients with
athima, Am Rev Respir D 1503, 148:065-0¢)
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NIGLyosine
assiEldlerend product of per()_X)_/nitrite
SAYiIdNEteroid naive)
fﬁderate (on ICS)

}‘Severe (on oral CS)

s |ncreased levels were found in the first
group

Hanazawa T, Eharitonoy 54, Barnes PJ. Increased nitrotyrosine in ex-
haled breath condensate of patients with asthma. Am J Resplr Orli
Cire Med 2000:162:1273-1276.
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ISEPIOStanes

- (‘On IPeUNAS fiermeadl by Nen-enzymatic
|X|dat|on ofi membrane phopholipids
rlc. i oxidative stress

i-f ;;%vels are elevated in all' asthma with
= higher levels in more severe disease

- Correlation with PFT however is not good

blonmiuschi P, Corradi M. Ciabattoni &, Mightingale I, Kharitonoy SA.
Barnes P Incressed S-isoprostane, a marker of coddative stress, in
exhaled condensate of asthma patients. Am J Resplr Orlt Care Med
1968 1R 16-220,
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r\]r\v Seeth muscle contraction,
micievascular leakage, mucus
[YPErSecretion

'- ;; _ﬂcreased levels of LTB4 in asthma which
~Increase with severity

~» No correlation with FEV1

Becher G, Wireel K. Beck E, Steremann E. Leukotriens B4 in breathing
n:l nsate of patients with bronchopubmonary diseases and of nor-
i A Caralopaimon Pathophysiol 19955215219




pri

SACHE astima associated wWith piHidecline

0".;' 0-100
rmallsed With corticosteroid therapy
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= = ggested that serial measures can help
" Hitrate therapy

e Hampered by poor reproducibility

Falpiologou A, Loukides 5, Fapathecdorou G, Panagou P, Xromas G,
Kalogeropoulos M. pH in expired breath condensate of patients with
asthma. Eur Respir 20000 6408,




IIETProspects, for EBGHRFasthima™

SIENMIAKENS PErSISt despite ICS
IEulkoin

JROLHERE pathway. IS not suppressed by
SLEY ‘o)jefs

J D

8Ersistent elevation of leukotrienes may be used
u Tnitiate therapy with specific inhibitors

= [Lack of correlation with FEV, does not preclude
the use of these markers

® | rise in markers precedes physiological changes
greater utility is likely







gligimmationyn COPBR

Senienicniiammation throughout the
AIWWAYS) parenchyma and pulmonary
v.. culature

— acrophages T-lymphocytes (CD8+) and
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neutrophlls

= Tlissue eosinophils (unlike asthma not
degranulated)
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SIOIIArKErsin.exhaledsanr™

NO: most used and_st;ndardised
00
Ethane




—
dled Nitric.Oxide

- A gg WhICh regulates vascular and
ichial tone
aif macrephages synthesize It after

— Sl ation; by endotoxin and cytokines;
—= part of host defence

~ = Converted to peroxynitrite: a potent
epithelial toxin

* Promotes proliferation of T lymphocytes




-

SYMUIESIS 0i:NO

NADP" NADPH

\'\_/ / N

thiols
L-argininc —— MO synthascs ——— N ——p R5-Mos

nNOS

eNOS N‘

iNOS Iy roaine
/—\\‘ ONOO "—P nitrotyrosine

L H:O




N O_—_ avels
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gty subjects SE7 PP
_4 WEerin smokers

I\ Bdifference between healthy individuals
= ‘;:'s nad stable COPD/ lower in those still
= Smoking.
~ e pcreased levels In unstable disease owing

to neutrophilic inflammation

® |ncreased levels In subsets with an
asthmatic component to disease.




SMBEVEISIdecrease Wlth treatment with 1CS
(ore weldly/ the effect on some eosinopholic
gy igmmation also present)
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e

evels correlate with sputum eosinophil
= evels.

s |nverse correlation with FEV

, levels in
stable patients




- I\JO _ HeL 2 ge0od marker for disease
Je ety ini COPD

=~ g reased levels

B © Asthmatic subset
= ® Exacerbations
— & Smoking reduces levels confounding the
picture
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& heme —  heme oxveenase p biliverdin

(hemoglobin) (HO-1] \‘

Fe



- (O preduced Inralveoll, nese and
.nasal SIAUSES

'I._
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wronmental levels affect measurements
|gher In stable COPD

> Smokmg has the greatest effect Sppm
® URTI also raises levels

® Healthy subjects 1-8ppm




> Abm INCreased In asthma
> l\ data exist on correlation withi ICS use
nited utility as a marker because of wide

—

' ariation with environmental levels and

moklng
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= 'r edralkanes

- Ox].- canl cause mjury by lipid
sEIeXIdation

- F S and H,0, released by activated

- Jammatory ceIIs can induce peroxidation
~ﬂf polyunsaturated membrane fatty acids

— S nIs Impairs function and Inactivates
receptors and enzymes, increases
permeability and causes airflow limitation




ROS RNS

o

faity acids
arachidonic acid

N\

hydroperoxides (TBARSs) bicyeloendoperoxide prostaglandines,

/ \ intermediates lenkotriens
1s0prostanecs

hydrocarbons ; aldehydes (TBARSs)

a|f£ﬁ \alkams

(ethane, pentane)




EesIEle Lo measure
“-.

r\n yzed By gas chromatograpny
- Ex 9ensive and time consuming

= fj_ Wironmental contamination has to be avoided
=—= Age does not affect levels

~— % (.88 ppb is the normal leve

® |ncreased In smokers and t

nose with airway
obstruction. Decreased wit

N steroid use




SIOMIEAIKErSHn.EBC

_)JO AlKErs WhICh are not gases cannot be
sured directly

- .r;, drogen pPeroxide
_ : fsoprostanes
S\ NO metabolites
= TBARS
s Salivary contamination Is a problem
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dled Hydregen: perexice

> AR 2/ mflammatlon calses a - respiratory
gliSE preducing ROS

2 Hj‘ levels reflect oxidative stress in the
= -_n'g
:f Measurement IS based on reaction with
= sliitalble substrates leading to the release

of color, light or fluorescence
e Normal levels are almost undetectable




Y UIOYEN PEneXIde

SOIECLION AN StOrage! IS a SOUICE! off error

EXENCISE INCreases levels

Fooel ‘and beverages increase levels

IEVEIsWary widely with repeated measurements
= -Ealthy young non-smokers 0.01-0.09mmol/I

= __u?l?qcr'eased In stable COPD/ increased further during an
= exacerbation

— & [eower levels in current smokers
e [evels decrease with ICS/NAC

® Standardization Is poor and large intraindividual
variability exists.




ISONOSTANES .

rien CUIONI Ol BICycloendoperoxide
rmedlates (firom arachidenic acid
ctlng With oxygen radicals)

»ftable IR boay fluids
~% No diurnal variation
s Higher levels in smokers

® Higher in COPD regardless of smoking
status




ISONOSTANES .

> Also nilejaRigRalerliig) smokers_ ;sthma and
JE F WWhichimay confound its use for
rl gnosmg or monitoring COPD
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Herexide-metanolitess

SNENSTIghy reactve ana nas a short lifie infvivo

Sz Erend products include nitrite and nitrate
EENOXyNItiite results from a reaction with
_ 'i:i—eroxide

1_
e

\itretyrosine and nitrosothiols result
| °'AII can be measured in EBC

® Increased directly after cigarette smoking/in
COPD /asthma

® Sterolds reverse the increase In asthma
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alieArbIturic acid reactlve
5L ANCes (TBARS)

- \/om products ol lipid perOX|dat|on
- Ur detectable in healthy non-smokers
- R lsed I Smokers with no relation to

_ Souer inflammatory markers

—
= --i._
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Raised in stable COPD with no difference
With smoking status

e Also Increased in asthma to a higher
degree with significant correlation with
H202 levels




SRR EVElS can dlfferentlate stable COPD
rlrm healthy Individuals and alse between
'_rr 952 with COPD and asthma

—urrent smoking status does not change

= = —

‘::' Ievels in COPD







1. Simple, peint-ofcare Intarvention
' 2. Inchusive rather than intrushe (2.0, healthy chikden, mechankally ventilatad
 neonates)

3 Dombclry
| 4. Longitudinal sampling

= 5, Nanvolatlle compounds assoclatad with pulmenary pathophyskdogy
6. Amplfied DMA and RNA from prokaryatic and aukaryotk: cell
7. Pharmarokinetics/ pharmaccdynamics of drugs

. Solute clearance




-~ Liitton

- 1. Lack of standard breath-sampling method

2. Nat anatomic sha specic

3, Lack of akdence far the criqgin of the aemscl partiks (bronchi
varss erminal alracys)
4, Concantration arifact {due to evaporstion of sampks)
5, Feastblity and utily of bamankers unrelted to sldative stress not tested
6. LIttl Information cn blomarkers of Interstbial luny) dlsease
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SONCITSIONS:

S poLEntial as a nonmvasive: real time  technigue
ENlptire

of standardisation; in collection and' analysis for
no~ smarkers makes comparison of studies and clinical
phcatlon difficult at present

g ( sollected  fluid is not anatomic site specific

C
]
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== ﬁeference data for healthy individuals needs to be
——  available

- & Smoeking status affects different markers in different
Way/s
Data on reproducibility and variability is scarce

Effect of treatment on different markers needs to be
determined before they can be used for follow up




I0IMENMESSETE !N

I OITIEITKENS may be 2 Useful non invasive
2WUIAct in the diagnosis andi follow-up of
or WERLST With various pulmonary

= lammatory conditions at the point of
f:*ecare inrreal time
= s Eyrther work is needed to validate
— Standardize and better define the clinical
utility of this emerging instrument in

pulmonary disease







