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1. Elevated Plasma Levels of Pro-
Inflammatory Cytokines
In the mid-1990s, several studies were conducted on 
the systemic effects of COPD. These studies reported 
that the levels of cytokines and acute phase proteins 
in peripheral blood are elevated. These reports 
concerned mediators such as TNF-a (Tumor Necrosis 
Factor-a) and its receptors (sTNFR-55 and sTNFR-
75), interleukins IL-6 and IL-8, C-reactive protein 
(CRP), lipopolysaccharide binding protein (LBP), 
the transcription factor Fas and its receptor (Fas 
ligand)1-8. The findings were observed both in patients 
who were clinically stable (not in exacerbation) 
and in   patients with exacerbation of the disease. 
In which case the levels  of the above-mentioned 
factors increased further. According to recent data, 
cytokines, particularly IL-6 and TNF-a, stimulate not 
only hepatocytes but also cells of other tissues, such 
as epithelial cells, which in turn produce acute phase 
proteins9. 

Similar findings regarding cytokine production were 
also observed in the blood of healthy individuals 
after exposure to environmental pollutants. In the 
study by van Eeden et al. published in 200110, it is 
reported that alveolar macrophages, when incubated 
under conditions of increased particle load in the 
atmosphere, produce cytokines such as TNF-a, 
IL-6, IL-8, and GM-GSF (Granulocyte-Macrophage 
Colony Stimulating Factor). These cytokines can 
stimulate the bone marrow to produce white blood 
cells and platelets in the circulation, as well as to cause 
the release of acute phase proteins from the liver. In 
other words, exposure to environmental pollutants is 
associated with both local (in the lung) and systemic 
inflammatory responses, such as those seen in patients 
with COPD.
Finally, other studies report that the monocytes 
of patients with COPD, unlike those from healthy 
volunteers, could produce greater amounts of TNF-a 
when stimulated in vitro11. This phenomenon was 
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Abstract
The present review aims to demonstrate that chronic obstructive pulmonary disease (COPD) is not a chronic 
inflammatory disease of the lung but concerns the entire body. We refer to the inflammatory cells circulating 
in the blood, the relationship between c-reactive protein (CRP) and the forced expiratory volume in the first 
second of the most violent exhalation (FEV-1), and the mechanisms that trigger chronic inflammation in other 
systems such as the cardiovascular, musculoskeletal, etc.
It therefore follows that COPD is a chronic inflammatory disease of the lungs and the body in general and 
should be treated as such.
Smoking and inhalation of other pollutants are certainly responsible for the onset of inflammation, first in the 
lungs and then in other organ systems.   
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more pronounced in patients with lower body weight, 
suggesting that excessive TNF-a production is 
associated with the onset of cachexia12.
2. Circulating Inflammatory Cells
Many studies refer to changes in inflammatory cells 
in peripheral blood such as polymorphonuclear 
neutrophils and lymphocytes. The activation of 
peripheral blood neutrophils enhances their cytotoxic 
and chemotactic properties.
The study by Noguera et al.13,14 showed increased 
expression of CD1111b/CD18 adhesion molecules on 
the surface of these cells, as well as increased levels 
of ICAM-1 receptors in plasma, indicative of their 
increased expression in the endothelium. Furthermore, 
the same study showed that neutrophils produce more 
oxygen free radicals (OFR) both at rest and after in 
vitro stimulation compared to healthy individuals, 
smokers or non-smokers.
More recently, it has been observed that they also 
exhibit increased gene expression for IL-1β, MIP-
1β (macrophage inflammatory protein 1β), for type 
II receptor IL1 (IL-1RII), and for CD83 (whose 
expression is type II IL1 receptor (IL-1RII) and 
CD83 (whose expression is characteristic of TNF-
a-stimulated neutrophils), which correlates with the 
severity of COPD, as indicated by the FEV 1 value. In 
a study by Burnett et al.17, it appeared that neutrophils 
isolated from patients with COPD had greater 
chemotaxis and proteolysis capacity in vitro. Opposite 
results regarding proteolytic capacity were presented 
in a study by Cataldo et al.18, which showed no 
changes in metalloproteinase-9 (MMP-9) production 
in neutrophils between patients with COPD and 
healthy individuals. Nevertheless, the significance of 
the findings has not yet been clarified.19,20,21

Although the lymphocytes of COPD patients have not 
been studied as thoroughly as polymorphonuclear cells, 
they also exhibit disturbances in their functionality. 
One study reports increased activity of cytochrome 
oxidase, the final enzyme in the respiratory chain of 
the mitochondria of lymphocytes in COPD patients 
compared to healthy individuals, which increases 
further as the disease progresses22,23,24.
Furthermore, another study found increased activity 
of the enzyme poly ADP-ribose polymerase-1 in 
the lymphocytes of patients with COPD, compared 
to those from healthy individuals.25 The enzyme 
is activated by damage to DNA helices caused by 
free oxygen radicals.26 Repair is achieved by the 
creation of polymers from ADP-ribose, using NAD 
(nicotinamide-adenine dinucleotide) as a substrate. 
The result is that the lymphocytes of COPD patients 

have lower amounts of NAD than the lymphocytes of 
healthy individuals. 27,28,29,30

Although it is known from numerous studies that 
the CD4/CD8 ratio is reduced in the lungs of COPD 
patients, it is not known to what extent the disease 
affects this ratio in the systemic circulation. Some 
studies report that smoking alone can cause a change 
in the ratio that is reversible upon cessation31,32. 
Researchers report33 that patients with COPD who 
have stopped smoking have a lower CD4/CD8 ratio, 
which was also associated with higher FEV 1 value. 
The authors conclude that changes in T-lymphocyte 
subpopulations may play a role in the pathogenesis of 
COPD34,35,36.
As for monocytes, it was found that they release 
amounts of MMP-9 and less IL-8 compared to 
monocytes from healthy individuals 37 38. 
Another marker of systemic inflammation that is often 
elevated in patients with COPD is CRP (C-reactive 
protein). Its physiological role is to bind to specific 
polysaccharides (in the microbial membrane) and act 
as an opsonin, subsequently activating the classical 
complement pathway and leading to phagocytosis or 
lysis of the microbe. CRP increases further in COPD 
patients who are experiencing exacerbation (caused 
by microbial and non-microbial factors), while its 
levels decrease with the administration of appropriate 
antibiotic treatment 39,40. Also, a multicenter 
prospective study reports that CRP is a prognostic 
factor for in-hospital mortality and mortality in those 
patients with end-stage respiratory failure 41,42. More 
recently, a study reports that elevated CRP levels are 
associated with impaired muscle function and reduced 
exercise capacity in patients with COPD, regardless 
of their muscle mass 43. Similarly, another group of 
researchers, following a study conducted on a large 
sample of COPD patients (stages II and III according 
to GOLD), reports that low scores on questionnaires 
assessing quality of life (such as the St. George 
questionnaire) were associated with increased plasma 
CRP. CRP is also used as an indicator of cardiovascular 
mortality, even when COPD is present44,45, as it is 
implicated in the pathogenesis of atherosclerosis and 
endothelial dysfunction 46.
The latter term is quite broad and includes reduced 
production or availability of nitric oxide (NO) and/
or disruption of the balance between vasodilators 
and vasoconstrictors (e.g., endothelin-1)47. CRP 
can stimulate the production of interleukin-6 and 
endothelin.
3. Systemic Inflammation of COPD
Young people who smoke, as well as passive smokers, 
exhibit endothelial dysfunction in the vessels of the 
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systemic circulation, specifically the production of 
nitric oxide (NO) becomes problematic, which, as is 
well known, plays an important role in vasodilation, 
prevents platelet activation and vascular wall 
remodeling 48,49.
This is due to oxidative stress, as evidenced by 
increased levels of F2-isoprostanoids, which are 
produced through the direct reaction of free oxygen 
radicals with arachidonic acid, without the mediation 
of an enzyme factor 14. In the study by Vernooy et 
al.5conducted on 18 patients with mild-moderate 
COPD (mean FEV 1, 56% of predicted) showed 
that individuals who had stopped smoking also had 
evidence of systemic inflammation, and therefore 
cigarette smoke cannot be the only triggering factor.
Regarding the source of systemic inflammation, the 
prevailing hypothesis is that there is a “dispersion” 
of chronic inflammation located in the airways, 
parenchyma, and pulmonary vascular wall into the 
systemic circulation 50,51. In the lung, there is production 
of cytokines (mainly by macrophages), such as 
TNF-a, IL-6, IL-1β, and GM-CSF, as well as free 
oxygen radicals. These substances can directly affect 
the rest of the body through the systemic circulation 
and/or indirectly through the activation of leukocytes 
as they pass through the pulmonary circulation 52. 
In the NHANES III (National Health and Nutrition 
Examination Survey, a population study in the US with 
7,685 participants aged > 40 years), it was observed 
that both cigarette smoke and the decline in lung 
function are associated, and indeed synergistically, 
with an increase in CRP, fibrinogen, and white blood 
cells in the blood. Of course, there are also studies that 
do not support the “dispersion” theory, such as that 
of Vermmoy et al. 5. The researchers compared the 
levels of TNF-a and IL-8 in sputum and plasma and 
found no correlation between them, concluding that 
airway inflammation and systemic inflammation are 
independent processes. The results of a more recent 
study by Hurst et al. 18 also showed no correlation 53.
Some of the disorders observed in systemic circulation 
in patients with COPD, such as increased expression 
of surface receptors that mediate the adhesion of 
neutrophils to the vascular wall (CD11b) 23,24, may be 
a cause rather than a consequence of the disease. This 
possibility is also supported by the following. Only 
15-20% of smokers develop COPD 19,20, suggesting 
that other factors, probably genetic, are involved in the 
pathogenesis of the disease. It is also possible that the 
disorders observed in the inflammatory cells of COPD 
patients be an expression of a genetic predisposition 
that makes them more susceptible to the effects of 
cigarette smoke and inflammatory mediators 21,22,54. 

As a result, these cells exhibit a more intense response 
after stimulation, such as the production of higher 
concentrations of adhesion molecules on their surface, 
which facilitates their migration to the inflammatory 
focus 23,24,55.
They can also produce larger amounts of reactive 
oxygen metabolites by enhancing the oxidative burst 
pathway and thus causing extensive tissue damage 
23,56. 
Hypoxia, which is characteristic of emphysema, may 
be the cause of its onset 57. A study conducted on 27 
patients with COPD 25 showed that there was an 
inversely proportional relationship between hypoxia 
and the levels of TNF- a and its receptor TNF-R in 
plasma. Another study26,58 showed that all cell lines 
that make up the lung (smooth muscle cells of the 
bronchi, alveolar macrophages, alveolar epithelium, 
endothelium) are able, after exposure to low oxygen 
concentration (1% O 2 ) to increase the gene expression 
of the transcription factor HIF-1 (hypoxia-induced 
factor-1), which can in turn activate other genes such as 
TNF-a, emphasizing once again the role of hypoxia. 59 
Another theory27 argues that COPD is an autoimmune 
process and is based on de novo antigen creation that 
maintains inflammation through antigen presentation 
by macrophages and dendritic cells of the lung to B- 
and T-lymphocytes 28,60. Their formation is caused 
by both cigarette smoke and bacterial colonization 
of the lungs. Presence of antibodies against smoke 
components may maintain the inflammatory process 
even after smoking cessation (causing the release of 
IL-1α, IL-1β, and IL-6 from alveolar macrophages)30 

and environmental pollutants (even through cross-
reactivity) 29 31. 
It is well known that COPD leads to airway obstruction, 
air trapping in the lungs, and hyperinflation, which 
in turn causes the release of cytokines from the 
lungs32,33,34. Apart from being an additional source of 
systemic inflammation, it is partially treatable since 
the administration of bronchodilators could reverse 
this process. It is worth noting that it has been shown 
that lung hyperinflation, as reflected by the ratio 
of expiratory capacity to total lung capacity, is an 
important prognostic factor in COPD62.
Other sources of systemic inflammation in COPD are 
the skeletal muscles and bone marrow. Researchers 
have shown that, unlike healthy individuals, systemic 
inflammation becomes more intense in patients with 
COPD after exercise. In addition, bone marrow 
is the site of production of inflammatory cells in 
the systemic circulation, the release of which has 
been found to be induced by cigarette smoke and 
atmospheric   pollution 37,38,39. However, it has not yet 
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been systematically investigated whether the bone 
marrow exhibits pathophysiological disorders in 
COPD. A study by Palange et al.40 showed that the 
levels of circulating hematopoietic progenitor cells 
bearing the surface markers CD34+, to be significantly 
reduced in 18 patients with COPD (mean FEV 1, 48% 
predicted) compared to those in 12 healthy volunteers, 
and that their levels were positively correlated with 
the severity of COPD and exercise capacity 63.
Finally, it should be noted that normal aging is 
associated with a low degree of systemic inflammation 
41,42,43,64and that COPD is a disease whose onset and 
progression are related to age 44. In addition, smoking 
causes loss of chromosomal telomeres (indicative of 
cellular aging) 45, and such damage was identified in 
fibroblasts from 13 patients suffering from emphysema, 
while this was not observed in the fibroblasts of the 12 
individuals in the control group 46,47. Therefore, a more 
in-depth understanding of the mechanisms involved 
in the aging of lung tissue and their relationship to the 
pathogenesis of COPD would be valuable. It should 
be noted that even in individuals with FEV 1 values 
within normal limits (FEV 1 >80% predicted), the 
variation in CRP is inversely proportional to FEV 1 
48 ,65,66,67 
4. Conclusion
According to the consensus of the international 
literature, COPD should be considered a chronic 
inflammatory disease that affects the entire body, but 
mainly the cardiovascular, endocrine, muscular and 
nervous systems.
5. References

Di Francia M, Barbier D, Mege JL, Orehek J. Tumour 1.	
necrosis factor alpha levels and weight loss in chronic 
obstructive pulmonary disease. Am J Respir Crit Care 
Med 1994; 150:1453-1455.

Hageman GJ, Larik I, Pennings HJ, Haenen GR, 2.	
Wouters EF, Bast A. Systemic poly (ADPPribose) 
polymerase-I activation, chronic inflammation, and 
oxidative stress in COPD patients. Free Radic Biol 
Med 2003; 35:140-148.

Yasuda N,Gotho K, Minatoguchi S, et al. An increase 3.	
of soluble Fas, an inhibitor of apoptosis, associated 
with progression of COPD. Respir Med 1998; 
92:993—999.

Eid AA, Ionescu AA, Nixon LS, et al. Inflammatory 4.	
response and body composition in chronic obstructive 
pulomonary diseas. A J Respir Crit Care Med 2001; 
164:1414-1418.

Vernooy JH, Kucukayan M, Jacobs JA, et al. Local 5.	
and systemic inflammation in patients with chronic 

obstructive pulmonary disease:soluble tumor necrosis 
factor receptors are increased in sputum. Am J Respir 
Crit Care Med 2002; 166:1218-1224.

Schols AM, Buurman WA, Staal van den Brekel AJ, 6.	
Dentener MA, Wouters EM. Evidence for a relation 
between metabolic derangements and increased levels 
of inflammatory mediators in a subgroup of patients 
with chronic obstructive pulmonary disease. Thorax 
1996; 51:819-824.

Takabatake N, Nakamura H, Abe S, et al. The 7.	
relationship between chronic hypoxemia and 
activation of the tumor necrosis factor-alpha system in 
patients with chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med 2000; 161:1179-1184.

Dentener MA, Cruetzberg EC, Schols AM, et al. 8.	
Systemic anti-inflammtory mediators in COPD: 
increase in soluble interleukin 1 receptor II during 
treatment of exacerbations. Thorax 2001; 56:721-726.

Dentener MA, Vreugdenhill AC, Hoet PH, et 9.	
al. Production of the acute-phase protein lip 
polysaccharide-binding protein by respiaratory type 
II epithelial cells: implications for local defense in 
bacterial endo-toxins. Am J Respir Cell Mol Biol 
2000; 23:146-153.

Van EEden SF, Tan WC, Suwa T, et al. Cytokines 10.	
involved in the systemic inflammatory response 
induced by exposure to particulate matter air 
pollutants (PM10). Am J Respir Crit Care Med 2001; 
164:826-830.

De Godoy I, Donahoe M, Calhoun WJ,Mancino J, 11.	
Rogers RM. Elevated TNF-a production by peripheral 
blood monocytes of weight-losing COPD patients. 
Am J Respir Crit Care Med 1996; 153:633-637.

Celemajer DS, Adams MR, Clarkson P, et al. Passive 12.	
smoking and impaired endothelium- dependent 
arterial dilatation in healthy young adults. N Eng J 
Med 1996; 334:150-154.

Raitakari OT, Adams MR, McCredie RJ, Griffiths 13.	
KA, Celemajer DS. Arterial endothelial dysfunction 
related to passive smoking is potentially reversible in 
healthy young adults. Ann Intern Med 1999; 130:578-581.

Tan WC, Qiu D, Liam BL, et al. The human bone 14.	
marrow responses to acute air pollution caused 
by forest fires. Am J Respir Crit Care Med 2000; 
161:1213-1217.

Koenderman L, Kanters D, Maesen B, et al. 15.	
Monitoring of neutrophil priming in whole blood by 
antibodies isolated from a synthetic phage antibody 
library. J Leukoc Biol 2000; 68:58-64.

Oudijk EJ, Nijhuis EH, Zwank MD, et al. Systemic 16.	
inflammation in COPD visualized by gene profiling in 
peripheral blood neutrophils. Thorax 2005; 60:538-544.



Archives of Pulmonology and Respiratory Medicine V9. I1. 2026          9

C.O.P.D is a Systematic Inflamation Disease

Gan WQ, Man SF, Sin DD. The interactions between 17.	
cigarette smoking and reduced lung function on 
systemic inflammation. Chest 2005; 127:558-564.

Hurst JR, WilkinsonTM, Perera WR, Donaldson GC, 18.	
Wedzicha JA. Relationships among bacteria, upper 
airway, and systemic inflammation in COPD. Chest 
2005; 127:1219-1226.

Celli BR, MacNee W, ATS/ERS Task Force. 19.	
Standards for the diagnosis and treatment of patients 
with COPD: a summary of the ATS/ERS paper. Eur 
Respir J 2004; 23:932-946.

Ouellete DR. The answer if fifteen percent: what is 20.	
the question? Chest 2004; 125:3-5.

Waterer GW, Wunderink RG. Science review: genetic 21.	
variability in the systemic inflammatory response. 
Crit Care 2003; 7:308-314.

De Maio A, Torres MB, Reeves RH. Genetic 22.	
determinants influencing the response to injury, 
inflammation, and sepsis. Shock 2005; 23:11-17.

Noguera A, Batle S, Miralles C, et al. Enhanced 23.	
neutrophil response in chronic obstructive pulmonary 
disease. Thorax 2001; 56:432-437.

Noguera A, Busquets X, Sauleda J, Villaverde JM, 24.	
MacNee W, Agusti AG. Expression of adhesion 
molecules and G proteins in circulating neutrophils in 
chronic obstructive pulmonary disease. Am J Respir 
Crit Care Med 1998; 158:1664-1668.

Takabatake N, Nakamura H, Abe S, et al. The 25.	
relationship between chronic hypoxemia and 
activation of the tumor necrosis factor-alpha system in 
patients with chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med 2000; 161:1179-1184.

Yu AY, Frid MG, Shimoda LA, Wiener CM, Stenmark 26.	
K, Semenza GL. Temporal, spatial, and oxygen-
regulated expression of hypoxia-inducible factor-1 in 
the lung. Am J Physiol 1998;275: L818- L826.

Agusti A, MAcNee W, Donaldson K, Cosio M. 27.	
Hypothesis: does COPD have an autoimmune 
component? Thorax 2003; 58:832-834.

Delves PJ, Roitt IM. The immune system. First of two 28.	
parts. N Engl J Med 200; 343:37-49.

Koethe SM, Kuhnmuench JR, Becker CG. Neutrophil 29.	
priming by cigarette smoke condensate and a tobacco 
anti-idiotypic antibody. Am J Pathol 2000; 157:1735-
1743.

Francus T, Romano PM, Manzo G, Fonacier L, 30.	
Arango N, Szabo P. IL-1, IL-6, and PDGF Mrna 
expression in alveolar cells following stimulation 
with a tobacco-derived antigen. Cell Immunol 1992; 
145:156-174.

Becker CG, Dubin T, Wioedemann HP. 31.	
Hypersensitivity to tobacco antgen. Proc Natl Acad 
Sci USA 1976; 73:1712-1716.

Vassilakopoulos T, Roussos C, Zakynthinos S. The 32.	
immune response to resistive breathing. Eur Respir J 
2004; 24:1033-1043.

Vassilakopoulos T, Katsaounou P, Karatza MH, 33.	
Kollintza A, Zakynthinos S, Roussos C. Strenuous 
resistive breathing induces plasma cytokines: role of 
antioxidants and monocytes. Am J Respir Crit Care 
Med 2002; 166:1572-1578.

Vassilakopoulos T, Zakynthinos S, Roussos C. 34.	
Strenuous resistive breathing induces proinflammatory 
cytokines and stimulates the HPA axis in humans. 
Am J Physiol 1999;277: R1013-R1019.

Casanova C, Cole C, De Torres JP, Aguirre-Jaime A, 35.	
Marin JM, Pinto-Plata V, Celli BR. Inspiratory- to-
total lung capacity ratio predicts mortality in patients 
with chronic obstructive pulmonary disease. Am J 
Respir Crit Care Med 2005; 171:591-597.

Rabinoch RA, Figueras M, Ardite E, Carbo N, 36.	
Troosters T, Filella X, Barbera JA, Fernandez-Checa 
JC, Argiles JM, Roca J. Increased tumor necrosis 
factor-_plasma levels during moderate-intensity 
exercise in COPD patients. Eur Respir J 2003; 
21:789-794.

Van Eeden SF, Yeung AC, Quinlam K, Hogg JC. 37.	
Systemic response to ambient particulate matter: 
relevance to chronic obstructive pulmonary disease. 
Proc Am Thorac Soc 2005; 2:61-67.

Mukae H, Vincent R, Quinlan K, English D, Hards 38.	
J, Hogg JC, Van Eeden SF. The effect of repeated 
exposure to particulate air pollution (PM10) on the 
bone marrow. Am J Respir Crit Care Med 2001; 
163:201-209.

Van Eeden SF, Hogg JC. The response of human bone 39.	
marrow to chronic cigarette smoking. Eur Respir J 
2000; 15:915-921.

Palange P, Testa U, Huertas A, Calabro L, Antonucci 40.	
R, Petrucci E, Pelosi E, Pasquini L. Satta A, Morici 
G, et al. Circulating haemopoietic and endothelial 
progenitor cells are decreased in COPD. Eur Respir 
J 2006; 27:529-541.

De MM, Francheschi C, Monti D, Ginaldi L. 41.	
Inflame-ageing and life-long antigenic load as major 
determinants of ageing rate and longevity. FEBS Lett 
2005; 579:2035-2039.

De MM, Francheschi C, Monti D, Ginaldi L. 42.	
Inflammation markers predicting frailty and mortality 
in the elderly. Exp Mol Pathol 2006; 80:219-227.

Ginaldi L, De MM, Monti D, Francheschi C. Chronic 43.	



Archives of Pulmonology and Respiratory Medicine V9. I1. 202610

C.O.P.D is a Systematic Inflamation Disease

antigenic load and apoptosis in immunoscence. Trend 
Immunol 2005; 26:79-84.

Schols AM, Broekhuizen R, Weling-Scheepers CA, 44.	
Wouters EF. Body composition and mortality in 
chronic obstructive pulmonary disease. Am J Clin 
Nutr 2005; 82:53-59.

Morla M, Busquets X, Pons J, Sauleda J, MacNee W, 45.	
Agusti AG. Telomere shortening in smokers with and 
without COPD. Eur Respir J 2006; 27:525-528.

Muller KC, Welker L, Paasch K, Feindt B, Erbenbeck 46.	
VJ, Hohlfeld JM, Krug N, Nakashima M, Barnscheid 
D, Magnussen H, et al. Lung fibroblasts from patients 
with emphysema show markers of senescence in 
vitro. Respir Res 2006; 7:32.

Tsuji T, Aoshiba K, Nagai A. Alveolar cell senescence 47.	
in patients with pulmonary emphysema. Am J Respir 
Crit Care 2006; 174:886-893.

Aronson D, Roterman I, Yigla M, Kerner A, Avizohar 48.	
O, Sella R, Bartha P, Levy Y, Markiewicz W. 
Inverse association between pulmonary function and 
C-reactive protein in apparently healthy subjects. Am 
J Respir Crit Care 2006; 174:626-632.

Burnett D, Chamba A, Hill SL, Stockley RA. 49.	
Neutrophils from subjects with chronic obstructive 
lung disease show enhanced chemotaxis and 
extracellular proteolysis. Lancet 1987; 2:1043-1046.

Cataldo D, Munaut C, Noel A, et al. Matrix 50.	
metalloproteinase and TIMP-1 production by 
peripheral blood granulocytes from COPD patients 
and asthmatics. Allergy 2001; 56:145-151.

Sauleda J, Garcia-Palmer FJ, Gonzalez G, Palou A, 51.	
Agusti AG. The activity of cytochrome oxidase is 
increased in circulating lymphocytes of patients with 
chronic obstructive pulmonary disease, asthma, and 
chronic arthritis. Am J Respir Crit Care 2000; 161:35-35.

Das SK, Berger NA. Alterations in deoxynucleoside 52.	
triphosphate metabolism in DNA damaged cells: 
indentification and consequences of poly (ADP-
ribose) polymerase dependent and independent 
processes. Biochem Biophys Res Commun 1986; 
137:1153-1158.

Ekberg-Jansson A, Andersson B, Avra E, Nilsson O, 53.	
Lofdahl CG. The expression of lymphocyte surface 
antigens in bronchial biopsies, bronchoalveolar 
lavage cells and blood cells in healthy smoking and 
never-smoking men, 60 years old. Respir Med 2000; 
94:264-272.

Ekberg-Jansson A, Avra E, Nilsson O, Lofdahl CG, 54.	
Andersson B. A comparison of the exoression of 
lymphocyte activation markers in blood, bronchial 
biopsies and bronchoalveolar lavage: evidence for 
an enrichment of activated T lymphocytes in the 
bronchoalveolar space. Respir Med 1999; 93:563-570.

Miller LG, Goldstein G, Murphy M, Ginns LC. 55.	
Reversible alterations in immunoregulatory T cells 
in smoking. Analysis by monoclonal antibodies and 
flow cytometry. Chest 1982; 82:526-529.

Costabel U, Bross KJ, Reuter KH, Matthys H. 56.	
Alterations in immunoregulatory T-cell subsets 
in cigarette smokers. A phenotypic analysis of 
bronchoalveolar and blood lymphocytes. Chest 1986; 
90:39-44.

De Jong JW, Van Der Belt-Gritter B, Koeter GH, 57.	
Postma DS. Peripheral blood lymphocyte cell subsets 
in subjects with chronic obstructive pulmonary 
disease: association with smoking, IgE and lung 
function. Respir Med 1997; 91:67-76.

Aldonyte R, Jansson L, Piitulainen E, Janciauskiene 58.	
S. Circulating monocytes from healthy individuals 
and COPD patients. Respir Res 2003; 4:11.

Malo O, Sauleda J, Busquets X, Miralles C, Agusti 59.	
AG, Noguera A. Inflammation sistemica durante las 
agudizaciones de la enfermedad pulmonary obstructive 
cronica. Arch Bronconeunol 2002; 38:172-176.

Rahman I, Morrison D, Donaldson K, MacNee W. 60.	
Systemic oxidation stress in asthma, COPD, and 
smokers. Am J Respir Crit Care Med 1996; 154:1055-
1060.

Cano NJ, Pchard C, Roth H, et al. C-reactive protein 61.	
and body mass index predict outcome in end- stage 
respiratory failure. Chest 2004; 126:540-546.

Broekhuizen R, Wouters EM, Creutzberg EC, 62.	
Schols AM. Raised CRP levels mark metabolic and 
functional impairment in advance COPD. Thorax 
2006; 61:17-22.

Creutzberg E, Postma S, Hop J, Vermue A, Derks G, 63.	
Wouters EM. Systemic inflammatory response during 
one year follow-up in patients with COPD. Eur Respir 
J 2004;24: Suppl. 48, 13s.

Sin DD, Man SF. Why are patients with chronic 64.	
obstructive pulmonary disease at increased risk of 
cardiovascular diseases? The potential role of systemic 
inflammation in chronic obstructive pulmonary 
disease. Circulation 2003; 107:1514-1519.

Hansell AL&lt; Walk CH, Soriano JB. Whato do 65.	
chronic obstructive pulmonary disease parients die 
from? A multiple cause coding analysis. Eur Respir 
J 2003; 22:809-814.

Szmitko PE, Wang CH, Weisel RD, De Almeida JR, 66.	
Andersson TJ, Verma S. New markers of inflammation 
and endothelial ΨΕΛΛ ΑΨΤΙΩΑΤΙΟΝ. ΠΑΡΤ ι. 
Ψιρψθλατιον2003΄108¨1917-1923.

Verma S, Li SH, Badiwala MV, et al. Endothelin 67.	
antagonism and interleukin-6 inhibition attenuate 
the proatherogenic effects of C-reactive protein. 
Circulation 2002; 105:1890-1896.   


