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ABSTRACT

Chronic obstructive pulmonary disease (COPD) typically induces and maintains the
activation of several phylogenetically old adaptative and defensive mechanisms. Activation
is usually needed for a limited period during acute injury. In chronic disease conditions,
however, those mechanisms are kept activated for longer periods. Eventually, irreversible
damage is produced and this contributes to impaired function and worse prognosis in a
variety of chronic diseases. The inflammatory cells and human bronchial smooth muscles
are known to play an important role in the production of innate immunity cytokines and
neurotrophins which have been recognized as mediators of both inflammatory and airway
remodeling processes. When neurotrophins such as Neurotrophin 3 (NT-3) were initially
discovered, they were thought to be only regulatory factors of the development,
differentiation and survival of the neurons. Later, it was proved that they are also involved
in inflammatory responses. In experimental animal models, neurotrophin may contribute to
the development of bronchial hyperresponsivness. The persistent activation of the innate
immune system by smoke exposure, releases the ROS that lead to a pronounced chronic

inflammation of both airway and pulmonary parenchyma.
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1. Introduction

COPD is a major cause of morbidity and mortality worldwide. The major cause of COPD is
smoking. Chronic lung diseases are caused by an unusual innate immune response because it is a
repetitive response in which, an acute disease becomes a subacute and, later chronic [1]. The danger
signals are represented by the reactive oxygen species and many other substances present in cigarette
smoke that induce a persistent activation of the innate immune system leading to a pronounced and
chronic inflammation in the airways and in the lung and to other pathological changes including the
remodelling and destruction of lung tissue [2-8]. Toxic substances from smokers with COPD share
many clinical and histologic features with other Ilung diseases attributed to bacterial
lipopolysaccharide (LPS) inhalation [3-9]. Experimental LPS inhalation mimics many of the acute
effects of the presence of cigarette smoke in the lower airways. Therefore, because cigarette smoke
has been shown to contain bioactive endotoxins it may contribute to the airways inflammation in
COPD [4-10]. The initiating factors, interacting with bronchial epithelial cells, alveolar macrophages
human bronchial smooth muscle cells and NKT induce the release of chemotactic factors for
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neutrophils, which, in turn, are important effector cells involved in inflammation and tissue damage
by releasing neutrophil elastase (a potent matrix-degrading protein) and cytokines [5-11]. In the
respiratory epithelium and macrophages the toll-like receptors (TLRs) are a key component of host
defense [6-12] because they react on the danger signals represented by reactive oxygen intermediates
[7-13]. Airway smooth muscle cells express TLR1 to TLR10, mRNA (and TLR2, TLR3, TLR4
protein expression was demonstrated) [14, 8]. In the distal airways of a current smoker there was an
increased expression of TLR4 while in former smokers there was a reduced expression of TLR2
[15]. Neutrophils also express TLRs 1, 2,4, 5,6, 7, 8,9, and 10.TLR9 signalls to the neutrophils the
production of CXC chemokine ligand (CXCL) 8 and this contribute to the accumulation of
neutrophils and inflammation within the airways of smokers [16-9]. TLR stimulation on neutrophils
can result in the shedding of L-selectin, increased phagocytosis, superoxide generation, and the
production of a number of cytokines and chemokines [17, 10]. The activated macrophages localized
in the lung tissue of patients with COPD, increase the level of IL-13 mRNA and recruit NKT cells
were also more numerous in the lungs of COPD patients than in the lungs of healthy people [18-11].
Following activation, NKT cells can immediately start cytokine secretion without first having to
differentiate into effector cells. The rapidity of their response makes NKT cells an important
component of the long-term innate response. NKT cells recruit macrophages and stimulate the
production of pro-inflammatory cytokines and additional macrophage activation [19]. The
transduction of the signal through TLR and the adaptor molecules, the phosphorilation cascade and
release of active AP-1, NFkB or IP3 activate nuclear promoter genes for the secretion of neutrophil
chemokines and pro-inflammatory cytokines tumor necrosis factor o (TNF-a)) and interleukin-6, IL-1
and matrix metalloproteinases (MMPs) [20]. The cytokines TNFa, IL-1p and IL-6 are critical
mediators in the host responses to microbial pathogens, but also endogenous alarm signals, like
apoptosis related membrane fragments and inflammatory ligands. These molecules can also induce
host tissue injury [21]. Their harmful potential depends on the combination in which they are
expressed. Prolongation of cytokine expression increases the likelihood of exposure to a potentially
lethal citokine combination [22].

Transcription of these cytokines is activated by the pro-inflammatory transcriptional activator
NFkB. Systemic inflammation induced by IL-6 production is now recognized as a component of
COPD (23). A potentially relevant, pathogenic mechanism in chronic obstructive pulmonary disease
is represented by gamma delta T cells, a small percentage of the total T-cell population, with a key
role in tissue repair and mucosal homeostasis. Determined by flow cytometry in peripheral blood and
bronchoalveolar lavage samples, obtained from patients with COPD, gamma delta T-lymphocytes
were blunted in these patients [24]. Human bronchial smooth muscle cells may contribute to the
airway remodeling via secretion of growth factors like neurotrophins such NT-3. In experimental
animal models, NT-3 has been shown to be produced by glial cells as an adaptability response to
hypoxia [25].

However recently it has been implicated also in inflammatory responses: NT-3 have been
detected in blood and in the inflammation of the airways but the release of NT-3 can be down-
regulated after cigarette-smoke exposure. COPD patients, as well as smokers with normal lung
function, showed decreased levels of NT-3 in the airways as compared to healthy non-smokers [26].
In the present work we investigated the presence and dynamics of innate immunity cytokines IL-1f,
TNF-a and IL-6 in serum of patients with COPD to find out if the expression of inflammatory
cytokines may be differently regulated by NT-3.
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2. Experimental section

2.1. Patiens and Methods. 20 patients (4 female and 16 male) with COPD (mean age 61.0 + 14.19
years; range 17 to 77 years; mean smoking history, 28.4 + 25.9 pack-years) were recruited to the
study (Table 1). The diagnosis of COPD was established by the clinical data and was confirmed by
laboratory tests. Familial COPD as genetic factor and cigarette smoke were considered also as risk
factors. The patients were stratified according to spirometry that confirms the presence of airflow
obstruction and appreciates the severity of disease and GOLD (Global Initiative for Chronic
Obstructive Lung Disease) staging system for COPD (Table 1).

Table 1: Staging of disease severity of COPD patients

Patients
FEV/FVC FEV, percent Stage . .
Ratio predicted GOLD Clinical course recruited to the
study
70% >80% I Mild -
Moderate

0 _QNo

70% 50-80% Il With or without chronic symptoms ?
Severe

0 _5No
70% 30-50% 1 With or without chronic symptoms /

0 <30% or Very severe
70% <50% v With chronic respiratory failure 4

FEV,, forced expiratory volume in 1 second; FVC, forced vital capacity; GOLD, Global Initiative for Chronic
Obstructive Lung Disease.

Serum samples, obtained from venous puncture, were analyzed for IL-13 , TNF-a, IL-6 and
NT-3, using Coulter and EuroClone ELISA kits, according to manufacturer indications.

2.2. Dynamics of innate immunity cytokines in patients with COPD. Statistical analysis. For the
analysis of correlations, the Pearson’s correlation coefficient r was used. The minimum threshold
value accepted to consider a correlation as statisticaly significant was p < 0.05.

3. Results section

According to the clinical evolution and based on their IL-1B, TNFa IL-6 and NT-3 serum level, the
patients were dividing in three groups (Table 2).

Table 2: Characteristics of the groups of patients with COPD

Group Clinical cours IL-1B (pg/ml) TNFa (pg/ml) IL-6 (pg/ml) NT-3 (pg/ml)
A Modere COMDStgell 60774107 223844873 100553764 364412089
B Severe COPD stage 111 8.662+3.408  24.545+17,60  15.084+7.28 33.73+15.06
C Very severe stage [V GOLD  9.606+4.953  33.992+16.80  19.05+3.764 44.16+16.12

normal 0.17£0.06 3,1+0.53 1.71+0.53 5.52+2.54

NT-3 was direct correlated with IL-1p (r=0.83 p=0.05) Fig.1, TNFa (r=0.93 p=0.05) Fig.2 and IL-6
(r=0.94 p=0.05) Fig. 3 in patients with COPD moderate stage Il GOLD. There are no correlations
between these parameters in patients with severe and very severe GOLD stage III, IV GOLD. with
greater degrees of obstruction of the airway.
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Figure 3: Correlation between serum level of NT-3 and IL-6 in patients with moderate COPD stage II GOLD

Our study suggests that the pro-inflammatory cytokines IL-13, TNFa ,IL-6 and NT-3 were
secreted in different proportions and with different dynamics. Thus the direct, or the absence of
correlation, could be of predictive value, allowing us to consider several hypotheses:

1. NT-3 levels in COPD patients were positively/direct correlated with IL-1B, TNF-a, IL-6
and this correlation was associated with moderate COPD stage II GOLD. This correlation shows that
the chronic airway inflammation was followed by fibrosis, the main process in COPD stage II
GOLD. Proinflammatory cytokines and NT-3 have been recognized as mediators of both protective
and degenerative mechanisms. In our previous studies we have shown that NT-3 can modulate the
production of the pro-inflammatory cytokine IL-6, post TNF-a responses in patients with favourable
prognosis in ischemic stroke. But in COPD, NT-3 cannot modulated the production of the pro-
inflammatory cytokines. The direct correlation show the effort made by NT-3 for the limitation of
the local inflammation in COPD by peribronchiolar fibrosis. IL-1p induces neurotrophin expression
in human bronchial smooth muscle cells. NT-3 stimulates cell migration and lung repair, as
evidenced by de novo synthesis and tissue accumulation of elastin and collagen. But this scarring of
the lung tissue results in the permanent loss of transporting oxygen to the body. The formation of
scar tissue diminishes the ability of the alveolar sacs to function properly. The more scarring of the
tissue occurs, the less likely the patient will be able to breath properly. In addition neurons may be
targets for NT-3 and that may evoke airway hyperreactivity, a tendency to sudden narrowing of the
air passages of the lungs in response to danger signals. If the disease progresses the lung tissues
eventually thicken and become stiff, leading to breathlessness and difficulty of breathing.

2. In cases of exacerbated COPD, with greater degrees of obstruction of the airways, higher
levels of TNF-a were noticed in serum. The high TNF-a level in serum was detected in patients with
severe COPD stage III and IV GOLD. NT-3 expression is transcriptionally downregulated in this
situation. Lung fibrosis has inhibitory effects on neurotrophin secretion in the airways. The possible
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functional consequence of lower levels of neurotrophins in the airways of COPD patients is the
absence of correlation between NT-3 and the proinflammatory cytokines that we studied in patients
with severe and very severe GOLD stage III, IV GOLD. Long-term exposure to TNF-a, IL-6, IL-1
associated with the low level of NT-3, induce high ICAM-1 expression on endothelial cells, mucous-
cell metaplasia and increase the reactivity of the airway smooth-muscle cells, leading to severe
COPD.
Dynamics of innate immunity cytokines in patients with COPD. We suggest that, depending on
the local pro-inflammatory cytokines, NT-3 may have a dual role: pro and anti-apoptotic. For the
NT-3 there are described two types of surface receptors: Trk and the p75 neurotrophin receptor
(p75™™), a member of the TNF receptor superfamily. The cytoplasmatic portion of the p75~ '~
receptor contains a death domain sequence similar to the intracellular domain of the Fas and TNFR.
The presence of TNF-q in chronic inflammation may induced overexpression of p75™'} and can
induce apoptosis in cells sensitive to NT-3 Metabolites generated by the local neural stimulation of
chronic inflammation in COPD, causes a crash in the neural response by the following mechanisms:
1. Secretion of pro-neurotrophine with a large molecule that binds with high affinity to
p75NR | leading to an enhanced secretion of intracellular ceramide, followed by induction of Fas-
dependent apoptosis; this effect is increased by secretion of TNF that induces activation of
proapoptotic domain (death domain).

2. Mature NT-3 is fixed on Trk receptor and induces activation of phospholipase C (PLC)
with an antiapoptotic effect. Mature NT-3 secretion in the early stages of COPD, have antiapoptotic
effects, and large molecules, immature, induce cell death, contributing to the destruction of lung
parenchyma.

4. Conclusions

Our results showed that NT-3 lost its immumomodulatory role on pro-inflammatory cytokines in
patients with COPD, suggesting the potential pathophysiological role of NT-3 as a mediator
involved in airway inflammation and tissue remodeling in the COPD pathogenesis. Reduced lung
function is associated with increased levels of systemic pro-inflammatory cytokines and decreased
serum level of NT-3. Depending on the cytokines profile, NT-3 can exhibit or not an endogenous
immuno-modulatory activity, aspect that may have important pathophysiological and therapeutic
implications in subjects with COPD. These results contribute to a better understanding regarding the
involvement of NT-3 in the COPD, and give further support to the concept of neurotrophins as
mediators involved in protection of airway in inflammatory processes and tissue remodeling.
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