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Abstract

Background: The cytokine network is thought to be essentiarithestrating airway inflammation in asthma.
Although evidence has accumulated to suggest tbpicaasthma is a Th2 disease, much less is kndouata
nonatopic asthma.

Methods: We have compared the production of IL-4, IL-6, HfNand TNFe from peripheral blood leukocytes
between atopicn(= 21) and nonatopia(= 22) asthmatics and healthy nonatopic subjectsZ0). Peripheral
blood was incubated for 24 h either without stinsutu with LPS or PHA. Cytokines were measured lgy th
immunotrapping technique (Dynamic Immunoassay).

Results: When compared to healthy nonatopic subjects, lofhi@and nonatopic asthmatics showed increased
blood and sputum eosinophilia associated with daistal serum IgE levels. Similarly, both asthmaugrs
displayed spontaneous, endotoxin-induced overptamuof IL-6. Enhanced spontaneous, endotoxin-ieduc
release of IL-4 combined with reduced spontanebBliyl production was seen only in atopic asthma. In this
group of patients, the production of IL-4 was rethto the extent of blood and sputum eosinopHitianonatopic
asthmatics, serum levels of IgE were inverselyteeldo the production of IFN-

Conclusions: Both atopic and intrinsic asthma display raiseddland airway eosinophilia, raised total serum
IgE, and overproduction of IL-6 from peripheral dtb Atopic asthma is also characterized by impaired
spontaneous release of IRNand increased production of IL-4 that correlatéh ¥he magnitude of eosinophilic
inflammation.
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Atopic asthma is an airway eosinophilic bronchitisvhich the inflammatory process seems to be gmetby
Th2 cytokines produced by T cells (1, 2). Also eleéeristic of atopic asthma is the peculiar comraiitrof B
cells to produce IgE against aeroallergens. Altinaihg majority of asthmatics seem to be atopic dasea
positive skin prick test to common aeroallergehsre remain about one-third of asthmatics, caltathtopic or
"intrinsic" asthmatics, in whom no sensitizatiorctommon aeroallergens can be identified (3-5% Vel
recognized that eosinophilic inflammation is alseature of nonatopic asthma (6). The immunologdfife in
this type of asthma has been much less studiedtaopic asthma. Previous studies have shown that
overproduction of IL-5 by both peripheral blood maonclear cells (PBMC) and BAL cells was characterisf
both atopic and nonatopic asthma (7, 8), whereas@sed production of IL-4 was restricted to at@gitima
(7). However, other recent data basedrositu hybridization and immunohistochemistry techniquageh
challenged this initial view and have indicatedr@ased IL-4 and IL-5 synthesis (9) together withremeased
number of cells expressing the high-affinity IgEeptor (10) within the bronchial mucosa from baibpéc and
nonatopic asthmatics. These observations tendpypostithe view that both types of asthma sharendesi
immunologic disorder, and cast doubt on the vieat tintrinsic" asthma is a distinct pathologic and
immunologic entity.

Our purpose here was to assess the cytokine pioddodm peripheral whole blood at the secretedgindevel
in nonatopic and atopic asthma by a one-stage igabnT his technique allows us to detect the cyteki
produced from whole blood as soon as they areseteiom leukocytes, thereby avoiding the confongdi
effect of any degradation after release (11). Meeeousing the whole blood instead of the PBMC &las the
advantage of taking into account the granulocyetion, which is also likely to contribute to thegb of
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cytokines released from leukocyiesvivo.

In this study, we have compared the productiorLef,| IL-6, TNFw, and IFNy, a set of cytokines thought to
be pertinent to asthma pathophysiology. In ordgrtwide insights into the role of these cytokimesegulating
the immunoinflammatory process in asthma, we hauglst to determine the relationships between cytoki
production and total serum IgE and sputum cell tauWhile IFNy and IL-4 are regarded as key cytokines in
regulating, in opposed ways the IgE productionyels as the balance between Thl and Th2 lymphod{®s
IL-6 is mainly viewed as a potent and nonspecitiimslating agent of B and T cells (13). As far d$FFa is
concerned, it is a potent and nonspecific inflanamnatytokine favoring the transendothe-lial passafge
granulocyte as well as their tissular recruitmé) (

MATERIAL AND METHODS
Subjects

Forty-three steroid-naive asthmatic subjects (2h aiopic asthma and 22 with intrinsic asthma) 2ddhealthy
nonatopic subjects, whose demographic and fundteiraacteristics are shown in Table 1, particigatethe
study.

Asthma was diagnosed on the basis of a clinicabhiof recurrent wheeze, breathlessness, or casgbciated
with bronchial hyperresponsiveness to meth-ach@i®,, < 16 mg/ml) or significant reversibility of FE\ >
15% from baseline and at least > 200 ml) afterlatian of 400 g salbutamol when baseline ks <80%
predicted. Methacholine bronchial responsivenessdegermined by a modification of Cockcroft's methas
previously described (15).

Atopy was defined by positive skin prick tests (ahdiameter ok 3 mm when compared to control saline) to
common aero allergens including house-dust mitetsacd dog dander; grass, tree, and weed polladsnalds
(Stallergenes, Antony, France). Thus, nonatopiéndrinsic" asthmatics were those patients withatag skin
prick tests to common aeroallergens.

Table 1. Subjects' clinical characteristics

Healthy Atopic asthma Nonatopic asthma
(n=20) (n=21) (n=22)
Age (years) 40+ 15 39+17 50+17
Sex (M/F) 9/11 11/10 11/11
Smokers 3 2 6
FEV, (% pred) ND 88 £ 20 83124
PCom (mg/ml) ND 0.83 (0.04-16) 2.6 (0.22-16)

Results of age and FEV, are expressed as mean ar8those of P&, are expressed as geometric mean (range).
PCyom was measured only when FEV, was >70% pred.

Sputum induction and processing

Sputum was induced by inhalation of hypertonicrealierosols delivered by an ultrasonic nebulizérgtNeb
2000, De Vilbiss) with an output set at 1.5 ml/mAfiter a premedication with 400 pg salbutamol, $hbjects
inhaled the aerosol for three consecutive periddsmin for a total inhalation time of 15 min. Peakpiratory
flow rate was measured after each 5-min inhalgtieniod (Mini-Wright). If the asthmatic patients hadbaseline
PEF of < 250 I/min, they inhaled isotonic salinea@\ 0.9%) instead.

The whole sputum was collected in a plastic coetaiweighed, and homogenized by adding an equahwer
7 mM dithitreitol (DTT) (Sigma, St Louis, MO, USA)r 30 min at room temperature. The sample was then
further processed as previously described (16) tladlifferential calculated from cytospins stainath Diff-
Quick.
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Peripheral blood cell counts and serum IgE

Peripheral blood samples were collected in apyrcg&eparinized tubes (Vacutainer; Becton Dickinson
Mountain View, CA, USA). The total and differentitalbod cell counts were obtained for each bloodmam
with a Technicon Al automatic counter (Bayer Diagfits, Wemmel, Belgium). Counting and cell typingrev
based on flow cytometry, with bidimensional voludistribution, peroxidase concentration, and lohbtyaf
leukocytes as parameters.

Commercial assays were used for measurement ahdetal IgE antibody by fluorometric enzyme
immunoassay (FEIA) (UniCAP System, Pharmacia).

Cytokine assays

Cytokines were measured by a modified one-stepieiimmunoassay procedure, as previously desc(béd
Briefly, 25 ul of whole blood or 25 pl of cytokirstandards (IL-4, IL-6, IFN5 or TNF) was put in sterile and
pyrogen-free microwells coated with mAbs againstditokines (Biosource Europe, Fleurus, Belgiung) an
containing 200 ul of RPMI (Biowittaker, Verviersgigium), LPS $almonella entendiSigma, St Louis, MO,
USA) (100 ng/ml for IL-4 and IFN5 100 pg/ml for IL-6 and 1 ng/ml for TN&), or phyto-hemagglutinin (PHA
HA16, Wellcome Diagnostic, Dartford, UK) (10 pg/fot IL-4 and IFN«, 1 pg/ml for IL-6 and TNF). The
microwells were capped and incubated at 37°C fdan tallow the immunocapture of the produced cytes.
The caps were then removed and the wells washedsively to remove unbound cytokines. Horseradish
peroxidase (HRP) anticytokine conjugate mAb (BigselEurope) was then added to the wells for a oeted
time (according to the cytokine studied) at roomgerature with continuous shaking. After washir@) ful
chromogen solution (TMP) was added to each wed,tha plates were incubated at room temperatute wit
continuous shaking. A volume of 200 pl stop solutiB,SO,) was added to each well. The color intensity
determined by the absorbency at 450 nm being ptiopai to the cytokine concentration in the samfiie,
exact cytokine concentration in each sample was théulated by interpolation from the standardreur

The results of cytokine production were normalibgddividing the actual values by the nemlof
leukocytes present in the whole blood sampleseapdessed as a concentration of 2.5 %ldé0kocytes.
Stimulated cytokine production was calculated Rysstacting the spontaneous production from thatsonesl
with LPS or PHA.

Statistical analysis

Blood and sputum cell counts as well as IgE andkige levels were expressed as median (range) @ngared
between nonatopic and atopic asthmatics and hesltijects by the Kruskal-Wallis test. In case gh#icance,
pairwise comparisons were made by Dunn's testaAad spontaneous release of IL-4 is concernedsee
Fisher's exact test to compare the frequency efctitle IL-4 between the groups. The correlatigrs/ben
cytokine production and sputum or blood cell cowantd serum IgE were assessed by Spearman rankatione
P values <0.05 were taken as statistically significa

RESULTS
Serum IgE, blood, and sputum cell counts

Serum IgE levels in atopic and nonatopic asthmate® higher than those found in healthy subjeet9(05),
without any significant difference between the types of asthma. Similarly, atopic and nonatoptbmastics

had higher blood eosinophil counts than healthyesib £<0.05) without difference between the two groups of
asthmatics (Table 2).

When compared to healthy subjects, both intrinsit @opic asthma patients had increased sputuntudésmd
relative eosinophil count$€0.01) but a reduced sputum relative macrophagetdBu< 0.01). The relative and
absolute number of sputum lymphocytes were lowewnimatopic asthma than in atopic asthia0(01) and
healthy subjects€R<0.05) (Table 3).
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Table 2. Blood total and differential cell counts and serlgk from healthy and asthmatic subjects

Healthy Atopic asthma Nonatopic asthma
WBC(107pl) 6.58 + 2.1 7.11+1.45 7.08+1.84
Monocytes (18/ul) 0.45 +0.39 0.51+0.22 0.43+0.24
Lymphocytes (18ul) 2.31+0.48 2.10 +0.45 2.14+0.53
Neutrophils (1&/ul) 3.70 £1.40 4.10 +1.15 4.19 +1.68
Eosinophils (18/ul) 0.06 + 0.04 0.31+£0.21* 0.27 + 0.34*
Basophils (1&/ul) 0.06 + 0.09 0.07+0.2 0.05 +0.08
IgE (KU/) 8 (<3.5-34) 78 (< 3.5-1514)* 35 (< 3.5-900)*

Results are expressed as mean + SD except thdgg, afhich are expressed as geometric mean (raAgerisk indicates significant
differencevshealthy:P <0.05.

Table 3. Sputum total and differential cell counts from lt@aand asthmatic subjects

Healthy Atopic asthma Nonatopic asthma
% Squamous cells 8.5 (0-29) 11 (2-39) 14 (7-55)
Total cells x18g 0.9 (0.1-3) 0.6 (0.2-4) 0.9 (0.1-4)
% Macrophages 56 (17-93) 35 (9-76)** 33 (3-80)**
Macrophages x ff 517 (55-2238) 213 (37-1024) 272 (41-1524)
% Lymphocytes 1.5 (0-5) 1.2 (0-3)88 0.4 (0-8)*
Lymphocytes x 18g 12 (0-150) 8 (0-41)88 3 (0-331)**
% Neutrophils 20 (1-81) 28 (2-72) 29 (1-83)
Neutrophils x16/g 226 (1-2751) 130 (10-2902) 274 (5-2499)
% Eosinophils 0 (0-2.3) 3 (0.2-69)** 3 (0.2-51)*
Eosinophils x 18g 0 (0-34) 37 (1.2-1131)**** 25 (0-373)***
% Epithelial cells 10 (1-33) 12 (1-46) 9 (1-70)

Epithelial cells x 1&g 79 (1-431) 68 (11-508) 76 (6-257)
Results are expressed as median (range).

* Significant differencevshealthy; * P<0.05, ** P<0.01, *** P<0.001, and ***©<0.0001.
§ Significant differencesintrinsic asthma; 8§ P<0.01.

IL-4, IL-6, IFN-y, and TNF-a production from whole blood

The detailed results are given in Table 4. Sportasieelease of IL-4 was detectable in 8/21 atogilcraatics/s
0/20 healthy subject$€0.01) and 2/22 nonatopic asthmatics. When blodld eere stimulated by LPS, IL-4
release was increased in atopic asthmatics whepa@u to both nonatopic asthmatiPsQ.05) and healthy
subjects P<0.01) (Fig. 1). The differences between the grdajisd to reach statistical significance when the
cells were stimulated with PHA.

There was an increased spontaneous production®ifrlboth atopic and nonatopic asthmatics whenpzoad
to healthy subjectd?0.05 andP<0.01 respectively) (Fig. 2). Similar differencestleen the three groups were
also found when the cells were stimulated with I(P$0.01), but not with PHA.

Spontaneous production of IFNwas reduced only in atopic asthmatics when conaprdealthy subjects
(P<0.05), but this impaired production was no longeserved when the cells were stimulated by LPS-4,R
circumstance under which atopic asthmatics releasme IFNy than healthy subject®€0.01) (Fig. 3).

There was no significant difference between thedtgroups with respect to the amount of TdNgroduced
either spontaneously or after blood-cell stimulatjdable 4).

Table 4. Release of cytokines from peripheral whole blobldealthy and asthmatic subjects

Stimulus

Cytokines Groups Spontaneous LPS PHA

IL-4 (pg/ml) H 0(0-0) 0(0-21) 3.6 (0-24)
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IL-6 (pg/ml)

IFN-y (Ul/ml)

TNF-o (pg/ml)

AA
NAA
P value KW test
H
AA
NAA
P value KW test
H
AA
NAA
P value KW test
H
AA
NAA
P value KW test

0 (0-2.1f
0 (0-3.3)
P<0.01
12(3-206)
42 (5-351 )**
73(5-371)*
P<0.01
0.1 (0-0.8)
0(0-0.1)*
0 (0-0.5)
P<0.01
10(2.5-78)
17(2-102)
25 (3-60)
NS

1.1 (0-10.6)**
0(0-10.2)
P<0.0001
58 (7-284)

144(12-601)*

126(12-511)*

P<0.01
0.7 (0-3.3)
1.8(0.1-5)
1(0.1-4.8)

P=0.08

61 (12-178)

90 (29-297)

80 (26-212)
NS

5.2 (2.1-20.3)
5(1.5-23.1)
NS
213(89-418)
155(18-443)
196(92-862)
NS
2.6 (1-9.3)
3.8 (2-9.6)*8
2.3 (1-9.6)
P<0.01
92(14.5-180)
79(10-131)
86 (39-862)
NS

Results are expressed as median (range).
H: healthy subjects; AA: atopic asthmatics; IArinsic asthmatics. KW test: Kruskal-Wallis test.
# Significancevshealthy;” P<0.01 (Fisher's exact test).

* Significancevshealthy; *P<0.05, ** P<0.01. § Significance between atopic and intriesithma; §<0.01.

Figure 1. Spontaneous (top) and LPS 100 ng/ml (bottom)dedyroduction of IL-4 by peripheral whole blood
in healthy nonatopic subjects and atopic and irgiGrasthmatics.
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Figure 2. Spontaneous (top) and LPS 100 pg/ml (bottom)-iedyroduction of IL-6 by peripheral whole blood
in healthy nonatopic subjects and atopic and irsiGrasthmatics.
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Figure 3. Spontaneous (top) and PHA 10 pg/ml (bottom)-iedyzroduction of IFN-by peripheral whole
blood in healthy nonatopic subjects, and atopic ardnsic asthmatics.
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Relationship between cytokine production and blood and sputum eosinophil counts, serum IgE, and
functional parameters

In atopic asthmatics, LPS-induced IL-4 release sigsificantly correlated with blood and sputum (F4Y
eosinophil countsr(= 0.62,P<0.01 and = 0.54,P< 0.05, respectively), but not with serum Ig&=(0.06,
P>0.05). In nonatopic asthmatics, blood and sputasin@phil counts failed to correlate with any cytak
However, in these patients, serum IgE was inversetselated with the magnitude of IFNeroduced after
stimulation with LPSr(= -0.57,P< 0.01) (Fig. 5) or PHAr(= -0.50,P<0.05).

As far as lung-function parameters are concernP&-Induced release of IL-4 was inversely relateldGg
methacholine in atopic asthma=-0.51,P< 0.05) while LPS-induced IFN-was proportional to FEMn
nonatopic asthma € 0.56,P<0.01).
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Figure 4. Relationship between LPS-induced IL-4 productiomfperipheral whole blood and sputum
eosinophil counts in atopic asthmatics.
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Figure5. Relationship between LPS-induced IFitem peripheral whole blood and serum IgE in ingic
asthmatics.
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DISCUSSION

An increase in blood and sputum eosinophils as agelh serum IgE is a feature of both atopic anthtapic
asthmatics. Both groups are also characterizedhtiycaeased production of IL-6 from peripheral whblood.
However, atopic asthmatics display an overprodaaiblL-4 associated with impaired baseline releafsSé-N-y
not found in nonatopic asthma. In addition, theask of IL-4 in atopic asthma is proportional & ¢xtent of
eosinophilic inflammation, while the productionl&N-y in nonatopic asthma is inversely related to seligin
levels.

Our finding of increased blood and sputum eosinaphi nonatopic asthma illustrates the establidiaet that
eosinophilic inflammation is a feature of asthmaspective of the presence of atopy (6). Similarly,
agreement with previous reports (17-19), we fowisled total serum IgE in both atopic and nonatopic
asthmatics, although the latter had no sign ofigthiated sensitization to common aeroallergenshasn by
negative skin prick tests. In this study, we repaffor the first time that both "intrinsic" and pto asthmatics
exhibited an increased production of IL-6 eithesrganeously or after stimulation with LPS. Thisferces



Published in : Allergy (2000), vol. 55, iss. 12, pft34-41
Status : Postprint (Author’s version)

previous data showing that the PBMC from sensitategic subjects released more IL-6 than nonatogitrol
subjects when challengéd vitro with a specific allergen (20). IL-6 acts as a postimulus of lymphocyte
proliferation, which is likely to be an essentigkat in the development and maintenance of an inemun
disorder. Therefore, it is worth noting that ciitirhg levels of IL-6 were shown to correlate witbese activity
in asthma (21) and also to predict relapse in gaiesCrohn's disease, another mucosal inflammalispase
(22). In addition to favoring a sustained lympheaegerived inflammatory process, overproductionLe6 Imay
also specifically contribute to the increased lghtkesis, as has been demonstratedtro (19, 23). Thus, the
enhanced production of IL-6 might be one indicatibthe raised total serum IgE seen in intrinsihasttics.

In stark contrast to IL-6, IL-4 overproduction appeto be restricted to the atopic group, sinceatheunt of IL-
4 produced in the nonatopic asthma group was fiiereint from that found in control subjects, altbuwo out
of the 22 nonatopic asthmatics were clearly owtlaerd displayed levels of IL-4 production clos¢htose
observed in atopic patients. Due to its rapid bdeakn and consumption by other cells, measuring the
spontaneous production of IL-4 from whole bloodr§o@al data) or PBMC (24, 25) has proved to bécdlilf by
conventional ELISA.

Thanks to our model allowing detection of the cytekas soon as it is produced, we have been alleote that
blood leukocytes from atopic asthmatics releasereriic4 than those from control subjects, either
spontaneously or after stimulation with endotoxibviously, our model does not allow us to determine
precisely which cell type is involved, as not ohylsnphocytes, but also basophils (26) and even epsiis (27)
were found to be able to release llindvitro. However, we believe that the global cytokine prditurcobtained
in a complex and natural milieu is an importantgpaeter to be taken into account in elucidatiorhefévents
occurringin vivo. The raised IL-4 production in atopic asthma conditme Th2 profile supposed to be crucial in
regulating airway inflammation in asthma. The rofdL-4 in asthma has been classically devotedyt |
production. However, we did not find any relatioipshetween total serum IgE and IL-4 production im atopic
subjects. In contrast, we found here a strong taiio@ between either spontaneous or endotoxindedulL-4
production and the extent of blood and sputum egsiilic inflammation. The correlation between blood
eosinophil counts and IL-4 production from leukesybf atopic asthmatics might indicate that eodifis@re a
potent source of IL-4 in these patients. Alternalify this relationship might reflect an enhancesimaphil
transendothelial migration as a result of IL-4-ioéld VCAM-1 endothelial expression (28). Our obstovefits
the animal data showing the inability to mount 8@rgen-induced airway eosinophilia in IL-4 knockanice
(29). Itis also in line with the recent data desteoating that IL-4 antisense oligonucleotide présehe
occurrence of a CD4 T-cell-driven late asthmatact®n associated with BAL eosinophilia in an arlimadel
(30). Whatever the underlying mechanisms, our gdatat to an association between the extent of epsiitic
inflammation and the magnitude of IL-4 productiaratopic asthmatics.

It is striking that spontaneous production of IiFMmas reduced in atopic, but not in intrinsic, asttios when
compared to control subjects. This is perfectliria with previous data indicating that a deficipnbduction of
IFN-y is a crucial event in moving the cytokine netwtoward the Th2 profile in atopy (2, 12). Howevég t
deficiency in IFNy release from blood leukocytes of atopic asthmatiags no longer observed when the cells
were stimulated with endotoxin or PHA, circumstanaader which blood leukocytes from atopic asthesati
release greater amounts of IFNRan those of healthy subjects. If we assumedinafly leukocytes can be
exposed to environmental endotoxin, this might aixpivhy some studies reported raised expressionof31
secretion of IFNy (32) within the airways of atopic asthma. Thusklecyte behavior in terms of IFiNrelease
in atopic asthma might be critically dependentlendell microenvironment. As whole blood is a rigkdly
protected milieu when compared to mucosa, we belikat looking at cytokine production from peripdder
blood leukocytes rather than from airways mightdyandicate the basic and probably geneticallyveer
dysregulation in cytokine production.

It is also worth noting that, although not decrelastaen compared to control subjects, the magnitdidEN-y
secretion in nonatopic asthma was inversely caadlto the serum levels of IgE. Thus, it seems thahe
context of an increased production of IL-6, tho#teimsic asthmatics with a poor IFNproduction are prone to
synthesize a large amount of IgE, which is, howewet directed toward the classical aeroallergeich s mite,
cat, or pollens.

Finally, no difference could be found between theugs with respect to TNé&production irrespective of the
type of leukocyte stimulation. This indicates thhéred release of TNé&+s not a basic abnormality in asthma.
This obviously does not mean that once recruitedimihe airways, leukocytes from asthmatics may no
generate larger amounts of ThFas was shown by Cembrzynska-Novack et al. (32).

Our study shows that overproduction of IL-6 by llldeukocytes is a feature common to both atopic and
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nonatopic asthma, while the overproduction of lantl, under certain circumstances, the deficiendifhy are
found in the atopic group. Our results also retieallink between eosinophilic inflammation and IL-4
production. Overall, if they confirm the existerafea Th2 pattern in atopic asthma, our data alppet the
concept of an immunologic heterogeneity among aatiesiaccording to their propensity to mount an IgE
response to common aeroallergens.
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