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ABSTRACT

Background: Although airway eosinophilia is seen as a cardieafure of asthma, data eosinophilia are still
lacking on the proportion of the asthma group eitinip raised airway eosinophilia. This study aimedssess
the distribution of sputum eosinophil count and-@stionship with methacholine bronchial hypersgiveness
in mild to moderate steroid-naive asthmatic people.

Methods: Sputum was induced by inhalation of hypertonicrea{iNaCl 4.5%) in 118 mild to moderate steroid-
naive asthmatic people consecutively recruited fommoutpatient clinic, and in 44 healthy peoplbeasthma
group was selected on the basis of an forced e@rpjraolume in 1 s (FEY) of > 70% predicted, and a
provocative methacholine concentration causindl@f20% in FEV, (PG, methacholine; P£EM) < 16 mg/ml.
Results: In the asthma group, the median (range) of thegoeage and the absolute values of sputum
eosinophils were 4.8% (0-75) and 38/§0(0-14 191), respectivelys0% (0-2.3) P < 0.001) and 0 1¥g (0-53)
(P < 0.001) in healthy participants. Based on the 95%eqasile for normal values calculated from our keal
group, 69% of the asthma group had significantlyag sputum eosinophil count (that is > 2%). Inakéhma
group, multiple regression analysis followed byepwise procedure revealed that sputum eosinophittowas
significantly and inversely associated with pfNT accounting for 16% of its total variande € 0.001) while
neutrophil counts positively related to & accounting for 4% of total variancE € 0.05). By contrast, no
significant relationship was found between eith@sirgophil or neutrophil counts and the slope oféat vital
capacity (FVCys FEV from the methacholine challenge.

Conclusions: We conclude that two-thirds of people in the mddtoderate asthma group had increased sputum
eosinophilia, which plays a limited role in deteninig the degree of methacholine airway hyperrespgensss.
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Asthma is associated with a peculiar type of airwdlammation featuring Th2 cytokine overexpressionl
eosinophilic infiltration (1, 2). Some bronchosaoptudies have indicated that the extent of aira@sinophilic
inflammation is proportional to the disease seyeat reflected by the intensity of bronchial
hyperresponsiveness or baseline impairment of tatigre (3, 4). However, this issue remains corgreial (5,
6).

The invasive nature of bronchoscopy has certaiebntan impediment to large-scale cross-sectiondiest on
airway inflammation in asthma. It is reasonabléétieve that the relatively small group sizes stddiy
bronchoscopy may account for the observed discaganThe newly developed noninvasive (7, 8) and
reproducible (9, 10) technique of induced sputusiresolved this and has prompted studies on brahchi
inflammation in asthma sufferers, on greater nusbé&patients than in the past (11-13). This teghaihas also
recently made it possible to determine sputumamihts in a large and representative group of Imgalt
participants (14).

This study aimed to assess the distribution of @jraputum eosinophil count in a very large groumid to
moderate steroid-naive people with asthma, andadyae the relationship between eosinophil coudt an
bronchial hyperresponsiveness to methacholine. &iiahhyperresponsiveness to methacholine wasmigt o
assessed by measuring theff&ced expiratory volume in 1 s (FEMout also by calculating the slope of the
fall in forced vital capacity (FVCYsFEV; from the methacholine challenge as a reflect sftgapping (15).

To provide a picture as close as possible to wWigtlinician may encounter in its daily practices @onducted a
prospective study on more than 100 consecutiveratb patients seen at our outpatient clinic, wlkesenfree of
treatment with inhaled steroids, with baseline FEW 0% predicted. Cellular composition of sputunthie
asthma group was compared with that found in 44lneparticipants without any evidence of IgE sémation.
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MATERIAL AND METHODS
Participants

One hundred and twenty-eight mild to moderate nakéng asthmatic patients with FE¥ 70% predicted
were consecutively recruited from the outpatieimticlat CHU Liege Sart-Tilman between July 1997 and
September 1999. Asthma was diagnosed on the Hadigioal history of recurrent episodes of wheeze,
breathlessness and/or cough associated with therdgration of bronchial hyperresponsiveness to
methacholine. Participants were considered to bawechial hyperresponsiveness if a provocative entration
ofmethacholine caused a 20% fall in FEPG,oM) of < 16 mg/ml.

All participants recruited had a clinical histonyggiestive of asthma for at least 3 months befoueusp
induction. None used inhaled or oral steroids fdeast 6 weeks prior to sputum induction. IgE-rassti
asthma (16) was defined as a positive skin tese@h3 mm when compared to saline) to at least onkeof t
most common aeroallergens from our area (housenrditess, grass pollen, birch pollen, weed pollem acel
dog dander, and mould mixture). Patients were ebedluf symptoms suggestive of upper airway virététion
started within 4 weeks of sputum induction.

A group of 47 healthy nonsmoking participants, uéed through a local advertisement, volunteered esntrol
group. This group was used to define the valuanofrhal sputum eosinophil count”. None had eviderfdgE-
mediated reaction (16) or B < 16 mg/ml. Characteristics of all those who prodladequate sputum
samples are given in Table 1.

Each subject gave written informed consent angbtb®col was approved by the local ethics committee
Methacholine challenge

Participants underwent a methacholine bronchiadl@mge according to a slightly modified Cockroftiethod.
Each subject inhaled successively by tidal bregtfon 2 min fourfold increasing concentrations of
methacholine chloride (from 0.06 mg/ml to a maximoinl6 mg/ml). The aerosol was generated by agbun
liser (Micro Mist; Hudson RCI, Temecula, CA, USA9 previously described (17).

A multifunctional electronic pocket spirometer wesed to record the flow-volume curve, connecteat-time
to a computer (Spirobank, MIR, Rome, Italy). Sisgconds after each inhalation the participants raadksep
inspiration to reach total lung capacity, and themediately gave a forced maximal expiration withbreath
holding. This manoeuvre was repeated three timéstanexpiratory flow curve with the best FEXalue was
selected by the software programmeg¥IirRo MIR, Italy). Any forced expiration lasting less tha s was
rejected.

Table 1. Subject characteristics

Healthy subjectén = 44) Asthmatics = 118)

Age (years) 3219 35+13
Sex (male/female) 21/23 53/65

Skin prick positive 0 93

Height (cm) 172 +13 170+ 11
FEV, (I) 3.92+0.88 3.31+0.80
FEV; (%) 104 + 16 95 +12
FVC (1) 4.45+1.02 3.95+0.98
FVC (%) 98 + 14 97 £12
FEV./FVC* 88+ 10 81+8
PGeM (mg/ml) >16 1.10 (0.03-16)
Slope FVCvsFEV; ND 0.85+0.22

Results are expressed as means + SD excegViR@hich is expressed as geometric mean (rangehly D 86 patients. ND, not done.
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The provocative concentration of methacholine aapsai 20% fall in FEY from baseline (P£M) was
calculated by linear interpolation from the dosspanse curve. After the provocative test each stbjbaled
400 ug salbutamol given by metered dose inhaldr aviépacer (Volumatic, Glaxo SmithKline, Uxbridgk)
and the sputum induction was performed 30 min later

Sputum induction

Induction was performed using hypertonic salineGN&5%) aerosolized by ultrasonic nebulizer (Deigi,
PA, USA) with an output set at 1.5 ml/min for thyggriods of 5 min (or four periods if no sample wasduced
after 15 min). After each inhalation, the particifgrinsed their mouths with tap-water and driedrtiwith
tissue paper to minimize contamination with salihen they coughed up sputum in a plastic contaitared
at 4°C until processing. For safety reasons, pgpkatory flow rate was monitored after each 5 mimalation
period and the challenge was continued if it w&56 I/min.

Sputum processing

Entire sputum was transferred into 50 ml polyprepg tubes (Becton Dickinson, Abingdon, UK), homadzgeh
with an equal weight of dithiothreitol [DTT] (Calithem, La Jolla, CA, USA) 0.01 M and processed as
previously described (18). Total cell count andasgaus cell count were made using a hemocytometer.
Samples were acceptable if the squamous cell cean80% (10). The success rate of the sputum fimay@s
defined by the collection of a sample with a squasneell count of <80%, reached 94% in healthy pigdints
(44 out of 47) and 92% in the asthma group (1186d08) (Table 1). The differential cell count waerformed
on cytospins stained with Diff-Quick (Dade, Marbu@grmany) after counting 400 cells.

Statistical analysis

Sputum cell counts were presented as mean + Snadén (range). Comparisons of sputum cell counts
between the asthma group and healthy participaete performed by an unpaired Studetatisst, or by a
Mann-Whitney test when distribution of the data wasparametric. The Kolomogorov-Smirnoff test wasd
to assessed the normality of the cell count distidim. Normal eosinophil count was determined dgwdating
the 95% percentile from the healthy group. Abnolynalised sputum eosinophil counts were those wathes
above the 95% percentile. Linear regression arslyas performed on the FVCs recorded at each $tbe o
methacholine challenge against the corresponding FEhe slope of the regression was used as an wfdex
gas-trapping. The relationship between methachdlinachial hyperesponsiveness and the differertuspaell
counts was assessed by calculating Pearson'satmretoefficient after log transformation of b&f,M and
absolute cell count values. As several variablegvi@ind to be associated with B2, a multiple stepwise
regression analysis was performed. When cell cavastO it was arbitrarily assigned a 1-value to nage
transformation possibl®-values < 0.05 were considered as statisticallgifiggnt.

RESULTS
Sputum cell counts

Total and differential cell counts in healthy peigiants and the asthma group appear in Table 2p&teentage
of squamous cells, macrophages, and neutrophils me@mally distributed, but this was not the caselie
percentages of eosinophils, lymphocytes and eatteslls, nor the total cell counts. The asthmaugrhad
greater percentages and greater absolute valiggaiifm eosinophils than healthy participafs<(0.001 for
both). There was no difference between the groufisraspect to the other cell types, nor with respe the
total cell counts.

Based on the values of sputum eosinophil counedaithy participants, we found that 69% (82/118jhef
asthma group had significantly raised sputum egdilh@ount (> 2% > 95% percentile of control grouphe
distribution of sputum eosinophil count showed thef of the asthma group had less than 4.8% sputum
eosinophils, whereas those with an eosinophil pgacge greater than 20% only represented 17% (2&fdLit8)
of the group (Fig. 1).

Relationship between sputum cell count and methimehbronchial responsiveness

After simple linear regression BEEV; methacholine was found to be inversely relatespittum eosinophilR
< 0.0001; Fig. 2A) and lymphocyte counts (r = - 0.RS; 0.05). By contrast, the slope FVC/ FEShowed no
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relation to sputum counts of eosinophils or othadisqP > 0.05; Fig. 2B).

The relationship between sputum cell counts, baselirway calibre, and BgFEV,; methacholine was further
assessed by multiple regression analysisgM@as significantly influenced by sputum cell comand baseline
airway calibre with a global varianéereaching 29%F < 0.001) (Table 3). The three variables significantly
contributing to the global variance after the stisgwrocedure were the eosinophil count, the nphirgount
and the FEY % predicted, accounting for up to 16%< 0.001), 4% P < 0.05) and 4%H < 0.05) of the total
variance, respectively. However, eosinophil couaswversely related to B, but the latter (P&M)
positively related to both neutrophil count and FEV

Table 2. Sputum cell composition in healthy participants anild to moderate the asthma group

Healthy subjects Asthmatics

Mean (+ SD) Median (range) Mean (+ SD) Median (range)

Squamous % 13(9.1) 13.5 (0-33) 15.8 (10.2) 14 (0-61)
Total nonsquamous 10%g 1.09 (0.9) 0.80(0.17-4.42) 2.10 (4.97) 0.73 (0.16-37.8)
Macrophages % 52.6 (17.4) 55 (9-85) 45.6 (21.2) 46.6 (0-87.8)
10%g 527 (68) 382 (27-2238) 690 (1147) 325 (0-7914)
Lymphocytes % 1.3(1.4) 1(0-5.2) 1.2 (1.4) 0.8 (0-7.4)
10%g 15 (25) 7 (0-150) 22 (37) 10 (0-217)
Neutrophils % 31.8(22.8) 26.3(0.8-87) 29.9(23.5) 23.8(0-86.4)
10%g 415 (587) 202 (1-2890) 811 (259) 179 (0-20 390)
Eosinophils % 0.3 (0.6) 0 (0-2.3) 10.9 (13.6) 4.8 (0-75)
10%g 5(11) 0 (0-53) 361 (1515) 38 (0-14 191)
Epithelial cells % 13 (11.5) 10 (0-55.2) 11 (10.4) 9 (0-64.5)
10%g 115 (120) 68 (0-440) 185 (512) 59 (0-4909)

Figure 1. Distribution of sputum eosinophil count expresasd percentage of total cells in patients (n =)118
in the mild to moderate steroid-naive asthma group.
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DISCUSSION

Our study describes the distribution of sputum rayshil counts and its relationship to methachobinenchial
responsiveness in a large population of mild to enaté steroid-naive asthma patients, consecutreetyited
from our outpatient clinic. When compared to heatibnatopic participants, 69% of the asthma graagb h
abnormally raised sputum eosinophilia; this wasiicantly associated with the severity of methdute
bronchial hyperresponsiveness assessed by thePG.
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Figure 2. Relationship between the sputum eosinophil condtRG, FEV, methacholine (n = 118) (upper
panel) and the slope FVC/FEh = 86) (lower panel).
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Although there is general endorsement of the sttethat asthma is an eosinophilic bronchitis, atadre yet
published about the proportion of asthma patieriis &bnormally high airway eosinophilia. To our kvledge,
this study is the first to look prospectively ag tlistribution of sputum eosinophil counts in gé&population of
mild to moderate steroid-naive people with asthtmastablish the proportion of who have signifibantised
eosinophil counts. This obviously requires deforitof normal values, so it is essential to asseasa
inflammation in a sufficiently large group of hdgjtparticipants.

The normal sputum eosinophil values found in owlthg participants are very close to those recemthorted
by Belda et al. (14) in a group of more than 10Aigipants. There was a wide range of sputum e@siiho
counts among the patients, but most had a peraepfagputum eosinophils significantly greater tttzen 95%
percentile of a population of nonatopic healthytipgrants (> 2%), and approximately one-fifth despd a
sputum eosinophil count exceeding 20%. Howevés,worth noting that approximately half of the asth
group had sputum eosinophil counts less than 5%. Ay be important for screening for clinical $asdthat
assess antiinflammatory drugs in asthma, in patisgliected on the basis of sputum eosinophilia (19)

One interesting observation of this study is thmiud one-third of the steroid-naive asthma growpram-
eosinophilic—which stems the fact that symptomasihma associated with methacholine bronchial
hyperresponsiveness do not necessarily translatetased sputum eosinophilia. Recent data haygested
that the efficacy of inhaled corticosteroids ireattating methacholine bronchial hyperresponsiveaeds
symptom scores in asthma depends on a increasdokensiof eosinophils in the airway before startimg t
treatment (20). Thus, those with noneosinophiltbms certainly deserve further attention, in teahtheir
response to drugs such as theophylline, cromogycatieukotriene receptor antagonists that ard ase
controller medications.



Published in: Allergy (2002), vol.57, iss.10, pp7912
Status: Postprint (Author’s version)

Table 3. Multiple regression analysis of the relationshigtween methacholine bronchial responsiveness and
sputum cytology and baseline lung calibre in théhies group

PC,, methacholine
Global variancdR?2 Partial regression coefficieft(SE) P value

0.29 0.0006
Macrophages 0.08 (0.14) 0.58
Lymphocytes - 0.10 (0.08) 0.23
Neutrophils 0.28 (0.10) 0.006
Eosinophils - 0.20 (0.06) 0.001
Epithelial cells - 0.03 (0.09) 0.71
FEV, 0.02 (0.008) 0.007

PGoM is the dependent variable. Cell absolute coumndsREV;: % predicted are the independent variables. SEdatd error.

The extent of sputum eosinophilia in the sterogkfasthma patients appears to contribute weakly but
significantly to the severity of methacholine brbiad hyperresponsiveness. In a model includingwsputell
count and baseline FE\as independent variables and,jJREV; as the dependent variable, stepwise multiple
regression analysis showed that sputum eosinoatilgunted for 16% of the variation in 8. Although
weak, the contribution of eosinophils to methaambronchial hyperresponsiveness should not beciegl
because it might underlie the fast and limited gjeain PGyM that follows treatment with inhaled steroids (20)
The weak relationship between sputum eosinophihtand PGoM clearly points to the fact that severe
bronchial hyperresponsiveness may be seen witlroatipent eosinophilia and that, conversely, broaichi
hyperresponsiveness sometimes remains mild daspisive infiltration of the airway with eosinophikhis is
in keeping with previous studies that show hightspueosinophil counts in chronic cough without ash(21),
in rhinitis (22), or in inflammatory bowel disea@3). However, it is possible that the relationshégtween
sputum eosinophilia and bronchial hyperresponsisemneay have been stronger if bronchial responsesewas
assessed with indirect, potentially more clinica#jevant bronchocon-strictors such as adenosth@%2 or
bradykinin (26) instead of methacholine.

Surprisingly, neutrophils contributed to B in an opposite manner to eosinophils, i.e. magtrophils in the
airway mean a higher Bg. This suggests that neutrophils protect agaiegtiee bronchial
hyperresponsiveness in mild to moderate steroiderasthma even if the reasons are unclear at gré8ggs
contrasts with the supposedly active role of tHeicesevere asthma, particularly in patients reasisto
corticosteroids (12, 27). One interpretation ig tiethma that remains mild to modenaithoutinhaled steroid
therapy has very different cell mechanisms to tludsesthma that is moderate to seweith inhaled and/or oral
steroid therapy.

Baseline airway calibre is an important determir@ntonspecific bronchial hyperresponsiveness éngteneral
population (28). However, this relationship is leksar in asthma where it is common to see patigitts
normal lung function and severe bronchial hypemespreness. The contribution of baseline FE/the PGM
in our study is further weakened by the exclusibthose patients with baseline obstruction. Sinei¢her
airway eosinophilia nor FEMsubstantially contribute to the level of J& in mild to moderate asthma,
biochemical and/or structural changes in airwayaimonuscle or bronchial mucosa are likely to béaai in
regulating the extent of airway instability (29).

Finally, PGoFEV; was significantly related to sputum eosinophilmpbut this was not the case for the slope
FVC/FEV; which appeared to be almost independent of spetsimophil count. This slope may reflect a
propensity to develop excessive peripheral airwastroction leading to air-trapping, thus it wouldygest that
sputum eosinophil count does not predict the behaof the small airway following inhalation of
methacholine. However, this is not a surprisind latassociation. Inflammation may still contribtitesmall
airway dysfunction, as sputum samples are maiolynfthe proximal airway (30), the abnormal behavigfur
which is more likely to effect FEMhan FVC.

We conclude that most mild to moderate steroid@aisthma patients have a significantly raised sputu
eosinophilia, which plays a limited role in methalihe bronchial hyperresponsiveness.
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