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Summary

Background Severe asthma is characterized by elevated levels of pro-inflammatory cytokines
and neutrophilic inflammation in the airways. Blood cytokines, markers of ‘systemic’
inflammation, may be a feature of amplified inflammation in severe asthma.

Objective To detect differences in IL-8, TNF-«, IL-16 and IL-13 levels in the serum(s) of stable
severe and mild-moderate asthmatics related to blood leucocytes proportion, airway calibre
and exhaled nitric oxide (NO) levels.

Methods We assessed cytokine serum levels by ELISA and blood leucocyte counts by an
alkaline peroxidase method in 20 healthy controls, 22 mild-moderate [forced expiratory
volume in 1 (FEV)wgpreq): 89 & 3] and 14 severe asthmatics [FEV jggpreq): 49 £ 2].

Results 1L-8 and TNF-o levels were higher in severe asthmatics than in mild-moderate
asthmatics or in controls (P < 0.05). No differences in IL-16 and IL-13 levels were detected.
Severe asthmatics showed higher circulating neutrophil and eosinophil number than controls
(P < 0.05). In severe asthmatics, exhaled NO levels were superior than in controls (P < 0.05),

but inferior than in mild-moderate asthmatics (P < 0.05). We found positive correlation
between TNF-« levels and exhaled NO (r=0.67; P=0.01) or circulating neutrophil counts
(r=0.57; P=0.03) in severe asthmatics.
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Conclusion sTNF-« and sIL-8 are markers of ‘systemic’ inflammation in severe asthmatics, in
conjunction with augmented circulating neutrophils, suggesting the involvement of
neutrophil-derived cytokine pattern in severe asthma.
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Introduction

Asthma is a chronic inflammatory disorder characterized
by the recruitment of various inflammatory cells and by
the release of different cytokines [1]. A recent evidence
showed that severe asthma is represented by different
phenotypical expressions in the airways: one characterized
by a ‘classic eosinophilic process’ and the other one by a
‘pathologically unclassic process’ associated with neutro-
phils [2]. Cytokines/chemokines promote immune cell
recruitment and activation playing an integral role in the
coordination and persistence of the airway inflammation in
asthma [1]. It seems that in severe asthma blood cytokines,
markers of ‘systemic’ inflammation may have a role for
the amplification of the disease state. Different cytokines/

chemokines such as IL-8, TNF-«, IL-16 and IL-13 seem to
have a role in worsening the severity of asthma.

IL-16 is a cytokine involved in the early accumulation
of T cells in the airways after allergen challenge [3] and its
release contributes to airway inflammation in allergic
asthma. Biopsy studies showed an increased number of
IL-16-immunoreactive cells in bronchial mucosa from
atopic asthmatic patients 24 h after antigen provocation
in vivo [4]. No information about the level of IL-16 in the
sera of asthmatics has been reported.

The T helper (Th) 2 cytokine IL-13 induces mucus
hyper-secretion and airway hyper-responsiveness (AHR),
and activates airway stromal cells in releasing chemokines
involved in eosinophil recruitment. Overexpression of
IL-13 mRNA has been reported in the airway mucosa of atopic
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and non-atopic asthmatics [5]. In acute asthma, serum(s)
IL-13 levels are elevated compared with control subjects [6].

IL-8, a C-X-C chemokine, is a major chemoattractant for
neutrophils [7] and also a potent chemoattractant for
eosinophils primed by Th2-derived cytokines [8]. A further
evidence for the involvement of IL-8 in asthma comes from
a study by Shute et al. [9] who demonstrated that increased
production of sIL-8 is a marker of asthma as this chemokine
was almost undetectable in the serum of controls.

Another cytokine able to promote eosinophil recruit-
ment from blood into inflammatory sites is TNF-¢ [10] The
latter is considered an amplifier of asthmatic inflamma-
tion probably linked to disease severity as it has been
shown that the number of TNF-a-positive cells is greater
in bronchial biopsies from symptomatic than in those
from asymptomatic asthmatics [11]. It has also been
observed that sTNF-o level was higher in asthmatic
children than in healthy controls [12].

In addition, cytokines are also able to regulate the
expression of inducible nitric oxide (NO) synthase (iNOS)
isoform [13], which is supposed to be the most important
enzymatic source of exhaled NO (FeNO), a non-invasive
inflammatory marker, in asthmatics [14].

IL-8, TNF-«, IL-16 and IL-13 are increased in airways of
asthmatics, thus we aimed to detect possible differences in
the serum levels of these cytokines between the groups of
stable severe and mild-moderate asthmatics. We also postu-
lated that serum levels of these cytokines and blood leuco-
cyte counts could correlate with FeNO and airway calibre.

Materials and methods
Study subjects

Three groups of subjects were evaluated (Table 1): subjects
with severe asthma (n = 14), subjects with mild-moderate

asthma (n=22), and healthy non-atopic control subjects
matched for age and gender (n=20). The subjects with
mild-moderate or severe asthma were stratified and
treated according to the GINA criteria [15]. In the group
of severe asthma four of 14 were treated with daily low
dose of oral corticosteroid. All the subjects were in stable
clinical conditions at least in the 4 weeks preceding the
study. Inhaled drugs were withheld at least 12h before
spirometry. None of them had respiratory tract infection
in the 2 months preceding evaluation.

We excluded patients with chronic obstructive pulmon-
ary disease (COPD) from the study. All asthmatics were no
smokers and showed bronchial reversibility (forced ex-
piratory volume in 1s [FEV;]: >200mL or > 12% from
baseline) after inhaled salbutamol (200 pg). In addition to
the ‘standard’ clinical evaluation for the identification of
the severity of asthma [15] and atopy [16], including
spirometry and skin prick test to a panel of the most
common aeroallergens [16], these patients underwent
FeNO levels measurement and, subsequently, the same
day, blood sampling. Asthmatics sensitized to pollens
were evaluated out of the pollen season.

The study protocol was approved by the local Ethics
Board and all subjects gave their written informed consent
to participate to the study, which was conducted in
accordance with the Helsinki Declaration.

Blood cell count evaluation

TECHNICON H6000 (Technicon Instrument Corporation,
Tarrytown, NY, USA), a system that automatically performs
cell counts on peripheral blood samples and differentiates
between leucocytes by an alkaline peroxidase method was
used. Approximately 12000 leucocytes were counted.
Peripheral blood neutrophil, lymphocyte and eosinophil
proportions were evaluated as absolute number.

Table 1. Demographic and clinical data of control subjects and asthmatic patients

Asthmatics

Control subjects All Mild-moderate Severe

(n=20) (n=36) (n=22) (n=14)
Age (years) 43.40 + 14.41 49.22 +14.79 44.50 + 14.42* 56.64 + 12.49"
Gender (male/total) 7/20 13/36 7/22 6/14
Atopy (yes/total) 0/20 22/36 14/22 8/14
FEV 1 (opred) 97.30+6.75 73.63 +22.74% 89.33 &£ 12.42%%* 48.97 & 8.48" 1"
FeNO (p.p.b.) 11.51+ 1.62 31.38 + 15.60H 36.70 4 12.77%*5%8 23.01+16.397

Inhaled corticosteroid dose -
(BDP equivalence)

1000 (500~1500)

500 (250-1000) 1000 (1000-2000)

Definition of atopy: atopy is a personal or familial tendency to produce IgE antibodies in response to low doses of allergens, usually proteins, and to
develop typical symptoms such as asthma, rhinoconjunctivitis, or eczemal dermatitis [16]. The atopic subjects were positive to at least one of the
aeroallergen tested in the skin prick test that was confirmed by the presence of specific IgE antibody in the blood by radioallergosorbent test. FEV,,

forced expiratory volume in 1s; p.p.b., parts per billion.

*P < 0.05; **P < 0.01; ***P < 0.001, comparison between mild-moderate and severe asthmatics. "P < .05, "'"P < 0.001, comparison between severe
asthmatics and healthy controls; Hp < 0.001, comparison between asthmatics as a whole and healthy controls; SSSp < 0.001, comparison between

mild-moderate asthmatics and healthy controls.

© 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 :1373-1381
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Quantification of interleukin-8, tumour necrosis factor-a,
interleukin-16 and interleukin-13 levels in serum

Serum levels of IL-8 (Biosource International, Camarillo,
CA, USA), TNF-o (Bender MedSystem, Vienna, Austria),
IL-16 (Biosource) and IL-13 (Bender MedSystem) were
determined by ELISA, according to the manufacturer’s
instructions and expressed as pg/mL. The detection limits
were 0.02, 0.13, 1.5 and 5pg/mL for IL-8, TNF-o, IL-13
and IL-16. The reproducibility of the assays for the
cytokines detected were as follows: CV for IL-8,
2.6%-5.3%; CV for TNF-o, 4.3%-7.9%; CV for IL-13,
2.1%-6.8%; and CV for IL-16, 4.8%-9.2%.

Pulmonary function test

FEV 1 (oopreq) Was measured by spirometry (Med Graphics,
Pulmonary Function System 1070 series 2; Med Graphics
Corporation, St Paul, MN, USA). On each occasion, three
forced expiratory manoeuvres were obtained and the best
values were retained.

Detection of exhaled nitric oxide levels

A chemiluminescence analyser (NiOX, Aerocrine AB,
Solna, Sweden) sensitive to NO concentrations from O to
25000 parts per billion (p.p.b.) was used and the man-
oeuvre was performed, according to the American Thor-
acic Society recommendations [17].

Statistical analysis

Statistical evaluation was performed using the statistical
software package GraphPad Prism 3.02 (GraphPad Soft-
ware Inc., San Diego, CA, USA). Age, FEV (ypreq), FENO
levels and peripheral blood leucocyte counts are reported
as mean with standard deviation of the mean in brackets
whereas cytokine levels and inhaled corticosteroid dose
(as BDP equivalence) are expressed as median with lower
and upper quartiles indicated in brackets.

Unpaired t-test or Mann-Whitney U-test was used to
compare differences in healthy controls and in asthmatic

Table 2. Blood leukocyte counts in control subjects and in asthmatic patients

subjects analysed as a whole. Differences among groups
were analysed by anova or Kruskal-Wallis test, followed,
when significant, by Bonferroni or Dunn’s post-test for
comparison among groups. Correlations were determined
using Spearman’s rank correlation coefficient. The level of
statistically significance was set at P < 0.05.

Results

Demographic characteristics and clinical data of the
studied population

The demographic characteristics and the clinical data of
the studied population are reported in Tables 1 and 2.
Controls and asthmatics as a whole had comparable age
(P=0.16). However, severe asthmatics were significantly
older than mild-moderate asthmatics (P < 0.05). FEV (gypreq)
was significantly different in the three groups (P < 0.0001).
Particularly, FEV; oopreq) Was lower in severe asthmatics than
in mild-moderate asthmatics (P < 0.001) or in healthy
controls (P < 0.001). No significant difference in FEVgppreq)
was detected between mild-moderate asthmatics and
healthy controls.

Statistically significant differences were also reported
in FeNO levels among the three groups (P < 0.0001). FeNO
levels were higher in asthmatics as a whole as compared
with healthy controls (P < 0.0001) and among asthmatics,
FeNO levels were more elevated in mild-moderate asth-
matics than either in healthy controls (P < 0.001) or in
severe asthmatics (P < 0.01) (Table 1). In addition, severe
asthmatics had higher FeNO levels than healthy controls
(P < 0.05) (Table 1).

No difference in FeNO levels or in FEVgpreq) Was
observed between severe asthmatics treated with oral
corticosteroids and severe asthmatics not receiving oral
corticosteroids.

Blood leucocyte counts in healthy controls and in
mild-moderate and severe asthmatics

Differences in total white blood cell counts and particu-
larly in neutrophil, lymphocyte and eosinophil counts

Asthmatics
Control subjects All Mild-moderate Severe
(n=20) (n=36) (n=22) (n=14)
Blood leukocytes (cells/mm?) 5.89 +0.82 7.23 £2.18H 6.67 + 1.59* 8.2142.717"
Blood neutrophils (cells/mm?) 3.324+0.56 401+ 1.71% 3.68 4+ 1.27 47442137
Blood lymphocytes (cells/mm?) 1.87 £0.58 2.184+-0.94 2.114+0.81 2.284+1.11
Blood eosinophils (cells/mm°) 0.15 +0.09 0.47 £0.43# 0.40 +0.30% 0.49 +0.53"

*P < 0.05, comparison between mild-moderate and severe asthmatics; P < 0.05; TP < 0.001, comparison between severe asthmatics and healthy
controls; p< 0.05; Hp < 0.001, comparison between asthmatics as a whole and healthy controls; SP < 0.05, comparison between mild-moderate
asthmatics and healthy controls.

© 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 :1373-1381
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were detected among the three groups (P < 0.05). Total
white blood cell counts were higher in severe asthmatics
than either in healthy control (P < 0.001) or in mild-mo-
derate asthmatics (P < 0.05) (Table 2). Severe asthmatics
showed also higher blood neutrophilia and eosinophilia
than healthy controls (P < 0.05) (Table 2). Blood eosino-
philia were also higher in mild-moderate asthmatics than
in healthy controls (P < 0.05) (Table 2).

No difference in blood leucocyte counts was observed
between severe asthmatics treated with oral corticosteroids
and severe asthmatics not receiving oral corticosteroids.

Serum cytokine levels in healthy controls and in
mild-moderate and severe asthmatics

All the cytokines detected were above the detection limit of
each kit. Differences in sIL-8 levels were detected among the
three groups (P < 0.0001). sIL-8 levels in healthy controls
were lower than in mild-moderate (P < 0.05) or in severe
asthma (P < 0.001). Among asthmatic subjects, sIL-8 levels
were also higher in those with severe asthma than in those
with mild-moderate asthma (P < 0.05) (Fig. 1a).

Detecting sTNF-u levels, we found differences in serum
levels of this cytokine among the three groups
(P=0.0004). Particularly, sTNF-o levels were higher in
severe asthmatics as compared with mild-moderate asth-
matics (P < 0.05) or to healthy controls (P < 0.001)
(Fig. 1b). No significant difference was reported in TNF-a
between mild-moderate asthmatics and healthy controls.

No statistically significant differences in sIL-16
(P=0.06) and sIL-13 (P=0.16) levels were detected among
the three groups and particularly between mild-moderate
and severe asthmatics (Figs. 2a and b).

No difference in cytokine levels was observed between
severe asthmatics treated with oral corticosteroids and
severe asthmatics not receiving oral corticosteroids.

We compared serum levels of different cytokines in
atopic and non-atopic asthmatics (as a whole or specifi-
cally into the groups of mild and severe asthmatics)
without finding any statistically significant difference.

Even though the sample size is rather small particularly
in the severe asthma group, the power calculation per-
formed for the primary endpoints (serum cytokines and
FeNO) was over 80%.

Correlation between blood leucocyte counts, cytokine levels
in the sera and functional parameters

Evaluating possible relationship between systemic and air-
way parameters, we found that, in the asthmatic group consi-
dered as a whole, FEV(preq) as an index of the degree of
asthma severity negatively correlated with sIL-8 (r=— 0.37;
P=0.028) (Fig. 3a) and STNF-a (r=—0.43; P=0.009)
(Fig. 3b) levels. These correlations were lost considering
mild-moderate and severe asthmatics separately.
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Fig. 1. Serum (s) interleukin IL-8 (a) and STNF-« (b) of healthy controls
(n=20), mild-moderate (n=22) and severe (n=14) asthmatic subjects.
Cytokine serum levels are expressed on the ordinate as picogram per
millilitre whereas the two groups of asthmatic patients are reported on
the abscissa. Horizontal lines indicate the median; boxes indicate the
interquartile range.

Data from all asthmatic subjects did not demonstrate
any statistically significant correlation between FeNO and
cytokine levels. However, evaluating severe and mild-
moderate separately, we found a positive correlation
between FeNO and sIL-16 levels in mild-moderate asth-
matics (r=0.48; P=0.026) (not shown) but not in severe
asthmatics (r=0.34; P=0.23) (not shown). In contrast, in
severe asthmatics FeNO levels correlated with sTNF-u«
levels (r=0.67; P=0.009) (Fig. 4) but not in mild-mode-
rate asthmatics (r=—0.10; P=0.66) (not shown). No
statistically significant correlations were observed be-
tween FeNO levels and sIL-8 or sIL-13 in either severe or
mild-moderate asthmatics (not shown).

© 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 :1373-1381
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Fig. 2. Serum (s) IL-16 (a) and sIL-13 (b) of healthy controls (n=20),
mild-moderate (n=22) and severe (n=14) asthmatic subjects. Cytokine
serum levels are expressed on the ordinate as picogram per millilitre
whereas the two groups of asthmatic patients are reported on the
abscissa. Horizontal lines indicate the median; boxes indicate the inter-
quartile range.

In severe asthmatics STNF-o positively correlated with
total white blood cell counts (r=0.56; P=0.037) (Fig. 5a)
and to neutrophil counts (r=0.57; P=0.033) (Fig. 5b).

Discussion

Evaluating adult mild-moderate and severe asthmatics,
we found that sIL-8 and sTNF-o levels were higher in
severe asthmatics as compared with mild-moderate asth-
matics and were related to airflow limitation. We also
found a positive correlation between sTNF-o levels and
FeNO levels or circulating neutrophil number in severe
asthmatics.

Although asthma affects nearly 8% of the adult popula-
tion, most of these patients have mild-to-moderate dis-
ease that can be controlled with appropriate treatment. It

© 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 :1373-1381
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Fig. 3. Correlation between the level of airway obstruction and serum (s)
IL-8 (a) or STNF-o (b) in the whole asthmatic population (n = 36). Airway
obstruction evaluated as forced expiratory volume in 1s (FEVggpreq) is
reported on the ordinate whereas serum cytokine levels, expressed as
picogram per millilitre, are reported on the abscissa. FEV,, forced
expiratory volume in 1s.

is estimated, however, that 5%-10% of patients with
asthma have severe disease that is relatively responsive
to corticosteroids. One of the goals of this study was to
verify whether serum cytokines could be markers of
asthma severity.

We showed that severe asthmatics had higher concen-
trations of IL-8 in serum than mild-moderate asthmatics
or healthy controls. This finding confirms, at least in part,
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Fig. 4. Correlation between exhaled nitric oxide (FeNO) and serum(s)
TNF-u in severe asthmatics (n=14). FeNO levels expressed as parts per
billion (p.p.b.) are reported on the ordinate whereas serum cytokine
levels, expressed as picogram per millilitre, are reported on the abscissa.

previous observations that in severe asthma IL-8 levels
were increased both in sputum [18] and in peripheral
blood [9]. However, the latter [9] was made on serum from
asthmatics defined by the authors as ‘severe’ but including
also subjects with FEV(gpreq) higher than 97%. In con-
trast, our data show that sIL-8 was higher in severe
asthmatics (mean FEV(gpreq): 49%) than in mild-mode-
rate asthmatics or healthy controls, despite the high-dose
of inhaled steroid treatment. This finding might reflect the
inability of these drugs to significantly suppress produc-
tion of this cytokine by airway cellular sources including
epithelial cells [19] and inflammatory cells (granulocytes
and mononuclear cells) [20]. In addition, the bioavailabil-
ity of free IL-8 can be limited by IL-8 autoantibodies of the
IgG and IgA class [21] and it is supposed that in patients
with severe asthma there may be an imbalance between
IL-8 production and the blocking capacity of IL-8 auto-
antibodies [22]. Evidence from patients with COPD sug-
gests that neutrophilic inflammation may be insensitive to
corticosteroid therapy [23] and this observation may
account for the sustained elevation of IL-8 (and neutro-
philic airway inflammation) in severe persistent asthma.
We showed high levels of sTNF-o in severe asthma
suggesting an increased production of this cytokine from
the airways of severe asthmatics. Probably, the role of
TNF-o in severe asthma is to amplify airway inflammation
recruiting neutrophils and to potentiate AHR [24]. On the
other hand, neutrophils can also produce a wide range of
cytokines including TNF-a [25] that may be linked to
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Fig. 5. Correlation between serum (s) TNF-o and white blood cell counts
(a) and neutrophil counts (b) in severe asthmatics (n=14). STNF-o
expressed as picogram per millilitre are reported on the ordinate whereas
white blood cell counts and neutrophil counts, expressed as cells per
mm? are reported on the abscissa.

disease severity in asthma. Our data demonstrated for the
first time that sSTNF-« levels, in conjunction with elevated
circulating leucocyte and neutrophil number as reported
previously [26], were higher in severe than in mild-mo-
derate asthmatics and healthy controls. These findings can
be explained, at least in part, by the data by Wenzel et al.
[27] who reported that severe asthmatics, treated with
high dose of inhaled corticosteroids, demonstrated a

© 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 :1373-1381
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twofold increase of neutrophils in bronchoalveolar
lavage and in bronchial and transbronchial biopsy speci-
mens than both mild-moderate asthmatics and normal
subjects. Similarly, Meagher et al. [28] found that gluco-
corticosteroids activate neutrophil progenitors, increase
circulating neutrophil counts and inhibit neutrophil apop-
tosis. Probably, this class of drugs may enhance neutro-
phil function through increased leukotrienes and
superoxide production, as well as inhibition of apoptosis
[29]. In addition, high levels of sTNF-a and systemic
corticosteroid therapy could be involved in determining
the skeletal muscle weakness, a feature of chronic severe
asthma [30-32].

We did not find any difference in the sIL-16, marker of
T cell recruitment, levels among the healthy controls and
mild-moderate or severe asthmatics. These results are in
line with previous data on sputum showing no difference
between mild and severe asthmatics in the proportion of
lymphocytes [18, 33]. Indeed, T cell chemotaxis in re-
sponse to allergen within the airways is an important
component of mucosal inflammation in both mild and
severe asthma. Even though the mechanisms that underlie
its generation and the profile of chemotactic factors might
vary depending on disease severity [27]. A recent in vivo
study [34] demonstrated an up-regulation of IL-16 ex-
pression in allergic nasal mucosa after antigen challenge
that may have implications in the accumulation of CD4™"
cells in response to antigen exposure [34].

In this study, it has also been shown a normal range of
sIL-13 levels in severe asthma suggesting that this cyto-
kine has not a role in systemic inflammation induced by
severe asthma. Previous study showed elevation of sIL-13
levels in acute asthma compared with control subjects [6]
indicating a systemic involvement during exacerbation.
This Th2 cytokine is involved in various airway responses
(responsiveness, mucus production and remodelling) and
in the progression of the disease, but our data at the
systemic level showed not to be a marker of chronic severe
asthma. This result is in line with others suggesting that
corticosteroid treatment may prevent the increase in IL-13
observed in patients with asthma [35].

We found that severe asthmatics were significantly
older than mild-moderate asthmatics. This is not surprising
as multiple cross-sectional and longitudinal studies [36, 37]
demonstrated a small annual decline (1% of predicted
per year) in lung function among patients with asthma.
In addition, it has been demonstrated that older age is
associated with progressive remodelling of the airway
wall [38].

We found that both sIL-8 and sTNF-a levels were
negatively related to FEV;(preq) Suggesting an association
between ‘systemic’ inflammation and a marker of pul-
monary function in asthma severity. This finding is
partially confirmed by the increasing evidence that neu-
trophilic inflammation may reflect asthma severity [39].

© 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 36 :1373-1381

A similar relationship between sputum IL-8 concentration
(or sputum neutrophil counts) and maximal FEV, after a
course with oral corticosteroids was found in chronic
asthma suggesting a role for the IL-8-dependent recruit-
ment of neutrophils in the development of irreversible
airway obstruction in chronic severe asthma [40].

We showed that FeNO, a marker of airway inflamma-
tion, significantly correlates with the ‘systemic’ inflam-
matory marker sIL-16 in mild-moderate asthma. Several
reports demonstrated increased FeNO in asthma reflecting
airway inflammatory events [41]. Besides being produced
by neutrophils [42] and eosinophils [43] NO is also
produced by epithelial cells and macrophages in asthma
and has an inhibitory effect on Th1 cells allowing the
activation of Th2 cells which are normally suppressed by
IFN-v [44]. Th2 cells can be recruited at sites of inflamma-
tion by IL-16, whose relevance in the pathogenesis of
asthma has been well demonstrated [45]. We did not find a
positive correlation between FeNO and sIL-16 in severe
asthmatics possibly because FeNO levels in this group
were lower than in mild-moderate asthmatics because of
the treatment with higher doses of corticosteroids [46].

A further strong correlation between FeNO levels and
STNF-o was found in severe asthmatics, and it could be
explained taking into account that TNF-o induces iNOS
expression not only in human lung epithelial cells [47] but
also in blood mononuclear cells [48]. Therefore, STNF-o
levels might reflect FeNO levels. We did not show a
correlation between these two parameters in mild-mode-
rate asthmatics as this group has low sTNF-a-levels as
similar as those detected in healthy controls.

Taking together, these data suggest that sIL-8 and sTNF-
o are important markers of ‘systemic’ inflammation in
severe asthmatics and correlate with the degree of the
airflow limitation. The role of TNF-« as marker of ‘sys-
temic’ inflammation is supported by the demonstration of
a significant correlation between the levels of this cyto-
kine in the serum of severe asthmatics and the degree of
airway inflammation, as judged by FeNO. Several cyto-
kine and chemokine inhibitors are in development as
future therapy for different diseases. In rheumatoid ar-
thritis and inflammatory bowel disease a blocking huma-
nized monoclonal antibody to TNF-« (infliximab) and
soluble TNF receptors (etanercept) produce remarkable
clinical responses [49, 50]. Inhibitors of TNF-a-converting
enzyme, a matrix metalloproteinase-related enzyme
critical for the release of TNF from the cell surface, are
also in development [51]. Recently, etanercept treatment
in severe corticosteroid-dependent asthmatics improved
respiratory symptoms and lung function identifying anti-
TNF-a treatment as a new therapeutic option in severe
asthma [52]. The present data may have clinical relevance
in order to support future therapeutic strategies with drugs
aimed at blocking the release or the activity of TNF-o for
treating severe asthma.
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