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ABSTRACT

Background:Chronic obstructive pulmonary disease (COPD) ikramic airway inflammatory disease caused
by repeated exposure to noxious gases or partltiesaow recognized that the disease also featsystemic
inflammation. The purpose of our study was to cam@arway and systemic inflammation in COPD to #en
in healthy subjects and to relate the inflammatidth the disease severity.

Methods:Ninety-five COPD patients, encompassing the whelesty spectrum of the disease, were recruited
from our outpatient clinic and rehabilitation ceard@d compared to 33 healthy subjects. Inducedispand
blood samples were obtained for measurement afrimfiatory cell count. Interleukin (IL)-4, IL-6, ILO1 TNF-

a and IFNy produced by 24 h sputum and blood cell cultureeweeasured.

Results:Compared to healthy subjects, COPD exhibited a prant airway neutrophilic inflammation
associated with a marked IL-10, IL-6 and TNIFelease deficiency that contrasted with a raisédh

production. Neutrophilic inflammation was also pinent at blood level together with raised produttid IFN-

v, IL-10 and TNFe. Furthermore, sputum neutrophilia correlated widease severity assessed by GOLD
stages. Likewise the extent of TNFelease from blood cells also positively corradatéth the disease severity
but negatively with that of sputum cell cultureoBt release of TNle-and IL-6 negatively correlated with body
mass index. Altogether, our results showed a saamf relationship between cellular marker in bl@od

sputum but poor relationship between local andesyit release of cytokines.

ConclusionsCOPD is characterized by prominent neutrophilitaimimation and raised IFNproduction at

both bronchial and systemic level. OverproductibiiF-a at systemic level correlates with disease severity
and inversely with body mass index.

Keywords: COPD ; Sputum ; Blood ; Cell count ; Cytokine ede

1. Introduction

Chronic obstructive pulmonary disease (COPD) caasggnificant health burden worldwide, in terms of
morbidity and mortality. COPD is characterized bggressive and not fully reversible airflow limitat. It is a
chronic airway inflammatory disease with a systeatimponent related to repeated inhalation of naxgas
and particles, in particular tobacco smoke [28].

The principal abnormalities in airways are the pree of a persistent inflammatory response asagedl
structural remodelling that thickens the airwaylwaldestruction of alveoli is also present anddeto the
occurrence of emphysema [7]. The epithelial cekblsdamaged by the inhalation of noxious particlestaere is
an activation of innate (mainly neutrophils and mabages) and adaptative immune cells (mainly CER)c
These cells are responsible for the release oépses, cytokines/chemokines and mediators, whichtte
inflammation and remodelling. COPD has been seenTdsl disease but some data suggest that Th2icgtok
may also play a role [1,2]. On the other hand sdata have suggested that COPD may be favouredamk af
anti-inflammatory cytokine such as I1L-10 [38].

COPD is not only associated with an abnormal inftetory response in the lung but also with systemic
inflammation, including systemic oxidative streastivation of circulating inflammatory cells anctirased
levels of circulating inflammatory cytokines [16].
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Induced sputum is a recognized non-invasive teetintq assess the cellular composition in chromigai
disease including COPD [29]. In addition, inducpdtsm cell culture has been shown to be a validehtmd
investigate cytokine production from airway cefisaisthma [3,22,27,32].

The purpose of our study was twofold. First, to pane airway and systemic inflammation between C@R®
healthy subject and secondly, to assess how tiésrimation relates to disease severity in COPDelHere
evaluated the sputum and blood cell compositiowealkas the sputum and blood cell cytokine prodarctn 95
COPD and 33 healthy subjects. As for cytokine, eeided to analyse the level of interleukin-4 (ILag)d
interferony (IFN-y) as markers of the Th2/Th1 balance, TNBnd IL-10 as pro- and anti-inflammatory
cytokines, respectively, and IL-6 as a cytokineyjlg a role in the transition from innate towardptive
immunity [18].

2. Materials and methods
2.1. Study design and subject characteristics

The demographic and functional characteristicsabiepts are given in Table 1. COPD patients ©5) were
recruited from our outpatient clinic and rehabflda centre CHU-Sart Tilman. Diagnosis of COPD wasde
according to Global Initiative for Chronic Obstrivet Lung Disease (GOLD) criteria (post-bronchila#®0 g
salbutamol-ratio FEV1/FVC < 70%). We divided COP&iients in three groups according to GOLD
classification of severity (GOLD II: FEV1 < 80% ardb0%; GOLD IIl: FEV1 < 50% ang 30% and GOLD
IV: FEV1 < 30%. All COPD patients were in stablendiion at the time of blood and sputum collectéom no
patients were studied within 8 weeks of having ppeu tract infection or any exacerbations requidghgnge in
maintenance treatment or oral steroid and antibjmscription. Healthy subjects £ 33) were recruited by
advertisement among the hospital. None of thembételai respiratory symptoms and all had normal spatic
results and airways responsiveness (provocativeertration of metacholine causing a fall in FEVR26%6 >
16 mg/ml). Atopy was not formally studied but nahky subject was reporting overt allergy symptdmshe
time of sampling. According to the medical fileetlarge majority of COPD patients (87 out of 95 hat
reported clinical history of allergy in the past neere they taking regular anti-allergic drugs sastl -
antagonists. All participants gave informed consertt the study was approved by the local Ethicim@ittee.

Table 1 Demographic and functional characteristics.
HealthyN=33 COPDN=95 p-value

Age (years) 40+ 12 62+12 <0.0001
Sex (mff) 24/10 73/21 0.55
Tobacco status (ns/es/cs 22/4/8 0/64/30 <0.0001
BMI (kg/m?) 24.1+3.3 26.0 £5.59 0.07
Inhaled CS 0 64

Oral CS 0 9

LABA 0 59

SABA 0 52

LAMA 0 30

SAA 0 39

FEV1 (L) 3.93+1.23 1.22+0.44 <0.0001
FEV1 (% predicted) 110+ 16 43 +£15 <0.0001
FVC (L) 4.69 +1.50 2.47 +1.86 <0.0001
FVC (% predicted) 110+ 18 61+17 <0.0001
FEV1/FVC (%) 87 +13 55+ 17 <0.0001
GOLD Il 0 24

GOLD Il 0 51

GOLD IV 0 19

Results are expressed as mean + SD. FEV1, forqgatheory volume in 1 s; FVC, forced vital capaciBMI, body mass index; CS,
corticosteroids; LABA, long acting beta 2 agon&8BA short acting beta 2 agonist, LAA, long actingscarinic antagonist; SAA, short
acting anticholinergic.
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2.2. Peripheral blood sampling and cell count

Peripheral blood samples were collected in apyricg&eparinised tubes (Venosafe; TERUMO®, Leuven,
Belgium). The total and differential blood cell cisi were obtained with an Advia 120 automatic ceunt
(Siemens, Erlangen, Germany). Counting and ceihtypvere based on flow cytometry with bidimensional
volume distribution, peroxydase concentration, lahdlarity of leucocytes as parameters.

2.3. Sputum induction and processing

After premedication with 400 pg inhaled salbutamplitum was induced by inhalation of hypertonicGNa
5%) or isotonic (NaCl 0.9%) saline according to Hi&/1 value (> or < than 65% predicted). Saline was
combined with additional salbutamol delivered byu#trasonic nebulizer (Ultra-Neb 2000; Devilbisgnterset,
PA, USA) with an output set at 0.9 ml/min as presiy described [9]. Each subject inhaled the aérfosdhree
consecutive periods of 5 min for a total of 15 nfinr safety reasons, FEV1 was monitored througtiaut
induction and this one was stopped if FEV1 fellnbgre than 20% from baseline.

The whole sputum was collected in a plastic coetaiweighed, and homogenized by adding three vaurhe
phosphate-buffered saline (PBS), vortexed for 3hd,centrifuged at 800g for 10 min at 4 °C. Sugtnt was
separated from cell pellet, which was washed tividRoswell park memorial institute medium (RPMIY106
supplemented with 100 U penicillin/ml, 100 pg stogpycin/ml at 400g for 10 min at 4 °C. Squamoussgel
total cell counts and cell viability checked bypan blue exclusion were performed with a manual
hemocytometer. The differential leukocyte count wasormed on cytospins stained with May-Grunwald-
Giemsa on 500 cells. A determined volume of RPMititaotics was then added to the cell suspensiabtain
a concentration of 2 x $#@onsquamous cell/ml.

2.4. Blood and sputum cell culture and cytokineagss

Cytokines (IL-4, IL-6, IL-10, TNFe and IFNy) were measured by immunotrapping assay whichdsdan
early capturing of cytokines secreted during celture. The antibodies and standards were purcHased
Biosource (Cytosets; Biosource, Invitrogen, MerkéheBelgium). Fifty microliters from standards onele
blood (diluted twice) or sputum cell suspensior (B0° cells/ ml) was incubated at 37 °C with 200 pl RPMI
1640 supplemented with 100 U penicillin/ml, 100stiggptomycin/ml (Cambrex, Verviers, Belgium), artd af
inactivated foetal calf serum (Cambrex) in apyrogearowells, which were coated previously with dfiec
antibodies directed toward the chosen cytokineterA¥4 h, the wells were washed, and 150 ul of#iso
containing biotinylated detection antibodies spedi the cytokines was added for 2 h at room tewatpee. The
wells were washed again and filled with a solutontaining streptavidin horse-radish peroxidisedomin at
room temperature. Then, 100 ul tetramethylbenzidimemogen solution was added for 10-20 min incidue.
The reaction was stopped by adding 50 pl H2S04 Thé.amount of substrate converted to products was
thereafter detected as optical densities at 45@hran enzyme-linked immunosorbent assay (ELISAjleea
(Multiscan Ascent; Thermo Labsystems, Helsinki,l&al). The sensitivity of the ELISAs was determiisd
running a set of ten blanks and was calculateti@siean response plus 2 standard deviations. Tisdigities
of our assays were 6 pg/ml for IL-4, 6 pg/ml for8l.4 pg/ml for IL-10, 6 pg/ml for TNk and 7 pg/ml for
IFN-y.

2.5. Statistical analysis

The demographic and functional characteristics wegpressed as mean = SD and comparisons betweansgro
were performed by unpaired student "t" test forticmous variables and Chi-square test for categbainalyses.

Blood and sputum cell counts as well as cytokivellewere expressed as median (IQR).

Comparisons between groups were performed by a Mdéniiney test and correlations were analysed with a
Spearman rank test. Regarding production accotditige age, differences between tertiles were andlpy a
Kruskal-Wallis test. Ap-value < 0.05 was considered as statistically §icait.

3. Theory

COPD prevalence and morbidity continue to increassughout the world and it represents a signifidamden

on the healthcare system. It is the fourth leadangse of death in most industrialized countriesitisd
projected to be the third worldwide by 2020.
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Therefore, the identification of biomarkers invalv@ the immunopathogenesis of COPD is crucial raag
provide myriad opportunities for possible intervent Indeed, such biomarkers may be useful for tooinig
disease progression and evaluating the effectseoapeutics or providing targets for therapies.

In addition, the lack in the understanding of thkationships between plasma and airway secretio@OPD
highlights the importance of studying immune callsl mediators regulation at local and systemiclleve

4. Results

4.1. Patient characteristics

Patients in both groups consisted mostly of men@@&D patients were all current or ex-smokers. Othe
demographic and treatment characteristics are giv&able 1. The pulmonary function parameters 6RD
patients were significantly reduced compared tcherethy volunteers.

4.2. Sputum and blood cell counts

Detailed cell counts are given in Table 2. As foutsm COPD were characterized by a raised totalispgell
number p < 0.01). The proportion of neutrophils € 0.0001) and, to a lesser extent, that of eosiit®fp <
0.01) were increased compared to healthy subjdtile #he proportions of macrophages, lymphocytats an
epithelial cells were decreased in COPD. When esga as absolute cell counts per gram of spututh, bo
neutrophils and eosinophils were clearly raise@@PD but no difference was detected with respeother cell

types.

At blood level, COPD displayed raised total leudeayounts < 0.0001) as well as a raised proportion of
neutrophils p < 0.01) whereas we observed a lower proportidgraophocytes f < 0.01) and monocytep €
0.05) as compared to healthy subjects. Absolutéroghil number per blood volume was twice as great
COPD as in healthy subjects € 0.0001). Likewise, absolute lymphocyte and mgt®aumbers were slightly

greater in COPDp(< 0.05 ang < 0.01 respectively).

Table 2 Sputum and blood cell counts.

HealthyN = 33 COPDN =95 p-value
Sputum
Squamous (%) 18 (12-33) 22 (8-36) 0.99
Total non squamous (1) 0.53 (0.33-1.33) 1.23 (0.49-5.22) 0.001
Viability (%) 61 (54-74) 62 (50-75) 0.99
Macrophages (%) 42.8 (29.8-61.3) 16 (6.7-34.6) <0.0001
Macrophages () 245 (100-600) 220 (100-520) 0.83
Neutrophils (%) 32.6 (14.6-53.9) 72.6 (39.2-83.3) <0.0001
Neutrophils (1&q) 195 (35-485) 615 (245-4035) <0.0001
Lymphocytes (%) 2 (0.9-3.7) 1.2 (0.5-2.2) <0.05
Lymphocytes (18g) 10 (0-30) 30 (10-310) 0.74
Eosinophils (%) 0 (0-0.5) 0.6 (0-2.5) <0.01
Eosinophils (18g) 0 (0-5) 35 (10-1030) <0.001
Epithelial cells (%) 9.6 (2.7-19.8) 3.6 (0.8-13) <0.05
Epithelial cells (1&/g) 45 (15-125) 40 (15-95) 0.80
Blood
Leucocytes (1/ul) 6700 (5405-7650) 9150 (7420-11,080) <0.0001
Neutrophils (%) 54.5 (49-61.6) 62.9 (56.1-69.5) <0.01
Neutrophils (1/ul) 3665 (2695-4535) 5910 (4405-6865) <0.0001
Lymphocytes (%) 33.7 (26.6-37.5) 25.7 (20.3-31.6) <0.01
Lymphocytes (1/ul) 1875 (1445-2510) 2305 (1760-2885) <0.05
Monocytes (%) 6.1 (5.3-7.8) 5.8 (4.9-6.8) <0.05
Monocytes (1/ul) 415 (335-495) 500 (415-645) <0.01
Eosinophils (%) 1.8 (1.2-3.2) 2(0.9-3.4) 0.94
Eosinophils (1/ul) 130 (85-185) 160 (100-325) 0.12
Basophils (%) 0.7 (0.4-0.8) 0.5 (0.3-0.7) 0.06
Basophils (1/ul) 40 (30-65) 50 (30-60) 0.84

Results are expressed as median (IQR). Differewees calculated by a Mann-Whitney test.
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4.3. Cytokine release from sputum and blood céilioel

Sputum cytokine levels are shown in Table 3. Sputatis from COPD strikingly released less IL-J0

0.001), TNFe (p < 0.0001) and to a lesser extent ILp6<(0.01) as compared to those of healthy subjdcts.
was detectable in sputum cell culture of 76% ofthgasubject while it was only detectable in 52%C9PD.

By contrast, IFNy Fig. 1a) was more often detectable in COPD (29%ubfects) than in healthy subjects (6%)
(p < 0.05). IL-4 was rarely detectable in both CORM healthy subjects (less than 10% of subjects).

Blood leukocytes from COPD released more H-Rig. 1b) and TNFx as compared to those of healthy subjects
(p < 0.01 for both). IFNr was detectable in 61% of COPD and only 27% ofthgalubjects. Although
undetectable in the majority of the subjects, ILwlds more frequently detected in COPD (46%) thameiathy
subjects (7%)d < 0.01). No difference was observed for IL-4 ahéIlwhich were undetectable in the majority
of both COPD (80% and 57% respectively) and headttyjects (70% for both cytokines). The differenices
TNF-a, IL-10 and IFNy remained significant when cytokine levels werenmalized according to blood cell
count (data not showed).

4.4. Relationship between sputum and blood celiscgtokines released in sputum and blood

The percentage of sputum neutrophils, lymphocytelsemsinophils were weakly but significantly coateld
with their blood counterparts in COPD patienis<(0.0001 and = 0.44;p <0.01 and = 0.33;p < 0.0001 and
= 0.43 respectively). As for cytokines, we foundi@ak negative correlation between the TiNFeleased from
sputum and blood cells in the COPD gropp<(0.05 and = -0.27). For other cytokines, no correlation was
found between cytokine released at sputum and bads in any group of subjects.

4.5. Relationship between cells, cytokine releaskbdisease severity

In COPD, the% predicted post-bronchodilator FEVE weversely related to the total sputum cell nuntber -
0.28;p < 0.01) and the proportion of neutrophits<(-0.33,p < 0.01) but not to the proportion of eosinophils (
=-0.08,p > 0.05). Accordingly there was a significant irase in sputum neutrophil proportion with the GOLD
stages (Fig. 2). Similarly, we found a relationshéitween blood cell TNE-production and disease severity as
reflected by the GOLD stages (Fig. 3). Indeed, GQtaye IV patients exhibited a greater level of Td\than
GOLD 11l (542 pg/ml (104-486) versus 172 pg/ml (284),p < 0.05) and tended to have a greater level than
GOLD 1l (542 pg/ml (104-486) versus 42 pg/ml (13893 = 0.07).

Table 3 Sputum and blood cytokine release.

HealthyN = 33 COPDN=95 p-value
Sputum (10cells/well) standardized cell concentration
IL-4 (pg/ml) 0 (0-0) 0 (0-0) 0.31
IL-6 (pg/ml) 29 (5-207) 7 (0-49) <0.01
IL-10 (pg/ml) 50 (34-77) 22 (8-57) <0.001
IFN-y (pg/ml) 0 (0-0) 0 (0-11) <0.05

TNF-a (pg/ml) 2248 (1501-3923) 1116 (544-2042<0.0001
Blood (50 pul diluted twice) Standardized blood voéu

IL-4 (pg/ml) 0 (0-7) 0 (0-0) 0.72
IL-6 (pg/ml) 0 (0-10) 0 (0-23) 0.12
IL-10 (pg/ml) 0 (0-0) 4 (0-14) <0.01
IFN-y (pg/ml) 0 (0-7) 11 (0-36) <0.01
TNF-a (pg/ml) 31 (0-86) 146 (22-585) <0.01

Results are expressed as median (IQR). Differewees calculated by a Mann-Whitney test.

4.6. Relationship between cytokine release and deapbic and treatment characteristics

To take into account the impact of age, we dividedtwo groups in tertiles (Table 4). In healthpjsets, there
was no correlation between age and cytokine releiéiser from sputum or blood cells. In COPD, thedarction
of IL-4, IL-6, IL-10 and IFNy was slightly greater in the oldest tertile butrthevas no impact of age on

cytokine production from blood cells. In the COPup, the body mass index (BMI) appeared to be thetg
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correlated with TNFe and IL-6 released from blood cells< -0.3 and = -0.27 respectivelyp < 0.01 for both).
BMI did not correlate with any cytokine producedrfr sputum cells. In order to exclude the influeoteurrent
smoking on cytokine release, we compared the eBulix or non smokers healthy subjects 26) with those
seen in ex smokers COPB £ 64). The differences in cytokine release pezdists for the whole groups of
COPD and healthy subjects (Table 5). In COPD, TiNElease from sputum cells was lower in currentkar®
(n = 30) than in ex-smokera € 64) (678 (483-1119) pg/ml vs 1434 (874-2202wgkspectivelyp < 0.01).

In COPD no difference in cytokine released eitihent sputum or blood cells was observed betweerethos
receiving inhaled corticosteroids (ICS) and thos® were not treated by ICS.

Fig. 1a. IFN-y released from sputum cells of COPD vs healthyesiibj
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Fig. 1b. IFN-y released in blood of COPD vs healthy patients.
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Table 4 Cytokine release according to age in healthy andPOQatients.

Tertile 1 Tertile 2 Tertile 3 p-value
Healthy subjects: Healthy subjects: Healthy subjects:
N= 11 N=11 N=11
COPD patientsN = 32 COPD patientsN = 32 COPD patientsN = 31
Age (years) Healthy: 26 (21-32) Healthy: 41 (34-44) COPL Healthy: 52 (45-63) COPL <0.0001 <0.0001
COPD: 51 (37-59) 62 (59-67) 73 (67-82)

Sputum (10e5 cells/well)
IL-4 (pg/ml) Healthy 0 (0;0) 0 (0;0) 0 (0; 0) 0.64
IL-4 (pg/ml) COPD 0 (0; 0) 0 (0; 0) 0 (0; 22) <0.05
IL-6 (pg/ml) Healthy 44 (0; 479) 31 (23; 461) 22 (0; 216) 0.84
IL-6 (pg/ml) COPD 0 (0; 54) 0 (0; 28) 24 (0; 91) <0.05
IL-10 (pg/ml) Healthy 47 (22; 63) 85 (48; 167) 44 (37; 52) 0.13
IL-10 (pg/ml) COPD 22 (8; 53) 11 (7; 30) 51(8; 80) <0.05
IFN-y (pg/ml) Healthy 0 (0;0) 0 (0;0) 0 (0;0) 0.16
IFN-y (pg/ml) COPD 0 (0; 0) 0(0; 4) 0 (0; 36) <0.05
TNF-o (pg/ml) Healthy 2238 (1303; 3633) 2942 (1091; 4084) 2221 (1574; 4033) 0.75
TNF-o (pg/ml) COPD 1132 (577; 2576) 1106 (567; 1769) 1088 (362; 2124) 0.94
Blood (50 ul diluted twice)
IL-4 (pg/ml) healthy 0 (0; 90) 0(0; 4) 0(0; 4) 0.56
IL-4 (pg/ml) COPD 0 (0; 0) 0(0; 9 0 (0; 0) 0.31
IL-6 (pg/ml) healthy 0 (0; 17) 0 (0; 14) 0 (0; 10) 0.7
IL-6 (pg/ml) COPD 0 (0; 23) 3 (0; 22) 0 (0; 31) 0.99
IL-10 (pg/ml) healthy 0 (0; 3) 0 (0; 0) 0 (0; 0) 0.51
IL-10 (pg/ml) COPD 5 (0; 14) 2 (0; 20) 2 (0; 14) 0.85
IFN-y (pg/ml) healthy 0 (0; 0) 0 (0; 20) 0 (0;9) 0.14
IFN-y (pg/ml) COPD 12 (0; 45) 3(0; 19) 11 (0; 43) 0.27
TNF-o (pg/ml) healthy 0 (0; 130) 42 (6; 427) 42 (7;90) 0.47
TNF-o (pg/ml) COPD 347 (17; 745) 135 (27; 606) 113 (22; 386) 0.75

Patients were divided in tertiles according todhe. Age is expressed as mean (range) and othéisrage expressed as median (IQR).
Differences were calculated by a Kruskal-Wallid.tes

Fig. 2. Sputum neutrophil count according to the diseasesty (—: median value).
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Fig. 3. Blood cell TNFe production according to disease severity (—: medialue).
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Table 5 Cytokine released in non or ex-smokers healthyestbjersus ex-smokers COPD patients.
HealthyN = 26 COPDN =64 p-value

Sputum (10e5 cells/well)

IL-4 (pg/ml) 0 (0-0) 0 (0-0) NS
IL-6 (pg/ml) 60 (14-500) 7 (0-53) <0.01
IL-10 (pg/ml) 50 (32-74) 25 (8-64) <0.05
IFN-y (pg/ml) 0 (0-0) 0 (0-12) 0.07
TNF-o (pg/ml) 2644 (1818-4000) 1328 (788-2202) <0.001
Blood (50 pul diluted twice)

IL-4 (pg/ml) 0 (0-8) 0 (0-0) NS
IL-6 (pg/ml) 0 (0-10) 0 (0-23) NS
IL-10 (pg/ml) 0 (0-0) 0 (0-14) <0.01
IFN-y (pg/ml) 0 (0-0) 10 (0-41) 0.0001
TNF-a (pg/ml) 25 (0-101) 155 (24-650) <0.01

Results are expressed as median (IQR). Differewees calculated by a Mann-Whitney test.

5. Discussion

COPD exhibited a raised airway neutrophilic inflaation associated with a marked IL-10, IL-6 and T&F-
release deficiency that contrasted with a rais@gfproduction. Neutrophilic inflammation was also imioent
at blood level together with raised productionfe}y, IL-10 and TNFe. Furthermore, we found a significant
correlation between the sputum neutrophil counttheddisease severity reflected by the GOLD stafyethe
systemic level, production of TNé&also correlated to GOLD stages and inversely td.BM

Here we used here an original model of cell culpmeviously validated [13,26]. Our study showeaised
production of IFNy from sputum cells of COPD while there was no ena@eof overproduction of IL-4, which
remained rarely detectable in both groups. Ourifigidhighlights the Thl profile that prevails in theway
inflammation of COPD. The reason for this IFbroduction is not clear at present but is likeyeflect
ongoing immune response towards microbial agetitsadh arguments also exist to support auto-immune
mechanisms [7]. Our results are in keeping witts¢hof Di Stefano et al. who reported greater {F&kpression
in bronchial biopsies of COPD patients [11].

In contrast to what was found for IFNthe production of TNFe, IL-6 and IL-10 from sputum cells were
reduced in COPD patients as compared to healthjpsisb The reduced production of TNFeonfirmed our
previous results [10] and those of reduced IL-6 &Adl0 are novel. We postulate that the lower redeaf TNF-
a might impair local immune defence and could mdieesubjects more prone to chronic infection whike t
deficient IL-6 release might make them unable tpprly resolve acute airway inflammation following
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infectious assault [18]. On the other hand, redutetd production extends the finding of a previaisdy
looking at sputum supernatant [38] and may be asemdeficient anti-inflammatory mechanism.

There may be, however, some discrepancy betweenreshiéts found in sputum supernatant and thosetegho
here from sputum cell culture. Indeed, there amesdut not all [10,40] reports showing a significeacrease
of TNF-a in sputum supernatant [19] or BAL fluid [36]. Likése, some studies reported greater IL-6 levels in
sputum supernatant from COPD [4,14] while theirtspufailed to release more IL-6 in our study. AslfeN-y

it was reported to be normal in sputum supernaB@®OPD compared to healthy subjects [14,42].dhhights
the fact that sputum supernatant and sputum ckllreussupernatant are not the same milieu. Thediffce
could be explained by the fact that cellular sositt&t contribute to the supernatant content ame waried than
those contributing in the sputum cell culture mo&elpernatant content not only depends on theti@mtifeom
airway cells lying within the lumen but also froesident structural cells and in particular from d¢ipihelial
layer, which is not strongly represented in thetspucell culture. In addition, plasma exudation raigo
contribute to a rise in mediator/cytokine concearrafound in the supernatant whereas it doesnfatance the
level measured in sputum cell culture [34]. Finadlgother factor that has to be taken into acciutiite
interpretation of our results is the fact that CORients display a greater number of cells pemgsasputum
which may counterbalance in vivo the reduced pridnof cytokines per standardized cell number.

Regarding cytokine release from blood cells, thvems a clear overproduction of IFN4L-10 and TNFe. in
COPD. The enhanced release of l{rbxtents the Th1 concept at the systemic level.marity of COPD
patients (61%) produced INffrom their blood cells, which was not the caséealthy subjects. Interestingly,
we observed that 75% of COPD patients producing{Fidm their sputum cells also released this cytekin
from their blood cells. Neither the sputum nor lth@od production of IFN-appeared to be related to disease
severity reflected by the GOLD stages. The K-producers did not distinguish from their countetpa
according to their demographic and treatment featurhe raised IL-10 and TNfrelease at the blood level
contrasts with what was found in sputum. Our resuthised TNFe production in COPD is in keeping with
results from Schols et al. [33]. These cytokinergu@ductions seen in COPD persisted even aftanabization
per cell number, which reinforces the finding.

Because we found a relationship between TiNElease and GOLD stages as well as an inversgoredhip
between TNFe and the BMI, our data support an important rotesfgstemic TNFe in the disease progression
and the cachexia often observed in the advancgdst the disease. It is line with studies showalgtionship
between losing weight and serum T COPD [8,12,15,37]. Alteration of FEV1 valuesgimi not be strictly
related to change in airway calibre but may algeedd on pulmonary elastolysis and reduced respjrato
skeletal muscle forces, both processes likely tmfdeenced by TNFx [6,15]. Surprisingly, the production of
IL-6, which is the most important inducer of acptease protein synthesis, was not different fromithaealthy
volunteers. This might be explained by the fact tha patients were in stable conditions when sathpk there
are reports of increased blood IL-6 levels durirgcerbations [41].

By contrast to smoking, taking inhaled corticosigsICS) did not seem to change the cytokine ssldeom
sputum or blood cell culture as there was no diffiee between those who were or were not on ICS.

The main limitation of our study is the age diffece between our COPD and our healthy controls.odigh age
may influence the neutrophil cell counts [39], cesults showed that the reduced release of IL-Glald from
sputum cells in COPD can not be accounted for byatie as the youngest were those in whom this tieduc
was the most apparent. However, we can not rul@ ooke of age in raised IFNproduction from sputum cells
in COPD even if it was not observed in healthy saotg. Furthermore, no relationship between agecwiudkine
release from blood cells was found in any of the groups. This makes us confident that, overdfiedinces in
cytokine release between COPD and healthy sulgeetanlikely to be accounted for by the age difiere
between the two groups.

Another limitation of the study is the mismatchadbacco habits between healthy subjects and COBRekkr,
it clearly appeared from our data that ex smoké® D still markedly distinguished from non or ex-&«®s
healthy subjects. This highlights the fact that @O itself, irrespective of the current smokingtas, is
characterized by a disturbed cytokine productioth lad systemic and local level.

As for the cell component of inflammation, our iésghowed a raise in total sputum cell numberdihko
higher proportion of neutrophils in COPD patientsiah is keeping with previous studies [25,30,31]. |
addition, we confirmed that the% predicted poshbhmdilator FEV1 was inversely correlated to theportion
of neutrophils [23,25,35]. It suggests that neutitipinflammation is an important factor in thetpagenesis of
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irreversible airflow limitation in COPD [5]. On thether hand, high sputum neutrophil count may ctfle
constant activation of local innate immunity inpesse to bacterial colonization developing in reeliedl and
altered airways [20]. Interestingly, although spateosinophil count was also increased in COPD butalated
to the magnitude of airway obstruction. In previstigies, eosinophilic COPD was found to be assetiwith
asthmatic features such as greater reversibilip2tagonist, raised exhaled NO [24] as well as sfgmast cell
activation [21]. Raised circulating number of leagies and mainly of neutrophils was also seendodblof
COPD patients. This observation is in line withyioeis studies and supports the concept of systemic
inflammation [17]. In our study, COPD patients at$mw raised circulating number of lymphocytes and
monocytes per blood volume even if this was lesspimuous than for neutrophils. The raised number o
monocytes and lymphocytes is likely to partly cimite to the enhanced cytokine release from whinled
sample of COPD.

6. Conclusions

Our study confirms the neutrophilic inflammation@®PD both at the local and the systemic levedhttws
raised local and systemic IFNproduction highlighting the pertinence of Thl cepicin COPD. A systemic
enhanced release of TNFs also an important feature of COPD which istezlao disease severity and BMI.
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