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Pathogenesis of pulmonary emphysema –  
cellular and molecular events

Patogenia do enfisema pulmonar – eventos celulares e moleculares
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aBsTRacT
Pulmonary emphysema is a chronic obstructive disease, resulting from 
important alterations in the whole distal structure of terminal bronchioles, 
either by enlargement of air spaces or by destruction of the alveolar wall, 
leading to loss of respiratory surface, decreased elastic recoil and lung 
hyperinflation. For many years, the hypothesis of protease-antiprotease 
unbalance prevailed as the central theme in the pathogenesis of 
pulmonary emphysema. According to this hypothesis, the release 
of active proteolytic enzymes, produced mainly by neutrophils and 
macrophages, degrades the extracellular matrix, affecting the integrity 
of its components, especially collagen and elastic fibers. However, 
new concepts involving cellular and molecular events were proposed, 
including oxidative stress, cell apoptosis, cellular senescence and 
failed lung tissue repair. The aim of this review paper was to evaluate 
the cellular and molecular mechanisms seen in the pathogenesis of 
pulmonary emphysema.
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ResUMO
O enfisema pulmonar é uma doença obstrutiva crônica, resultante de 
importantes alterações de toda a estrutura distal do bronquíolo terminal, 
seja por dilatação dos espaços aéreos, seja por destruição da parede 
alveolar, ocasionando a perda da superfície respiratória, diminuição do 
recolhimento elástico e hiperinsuflação pulmonar. Por muitos anos, a 
hipótese do desequilíbrio enzimático proteinase-antiproteinase prevaleceu 
como tema central na patogenia do enfisema. De acordo com essa hipótese, 
a liberação de enzimas proteolíticas ativas, produzidas principalmente 
por macrófagos e neutrófilos, degrada a matriz extracelular, afetando a 
integridade de seus componentes, particularmente as fibras colágeno 
e elástica. Entretanto, novos conceitos envolvendo eventos celulares e 
moleculares foram propostos, incluindo o estresse oxidativo, a apoptose 
celular, a senescência celular e a falha no processo de reparo do tecido 
pulmonar. O objetivo deste artigo de revisão foi avaliar os mecanismos 
celulares e moleculares da patogenia do enfisema pulmonar.

Descritores: Enfisema pulmonar; Alfa 1-antitripsina; Estresse 
oxidativo; Apoptose; Envelhecimento celular

inTRODUcTiOn
Laennec, in 1834, after examining autopsy slides of the 
surface of human lungs, described lung emphysema as 
a lesion resulting from the atrophy of lung tissue due 
to hyperinflation(1). Emphysema was then redefined as 
an “abnormal and permanent dilation of the air spaces 
distal to the terminal bronchiole”(2). Such definition was 
later modified and “alveolar wall destruction without 
evident fibrosis” was included(3). 

Currently, pulmonary emphysema may be defined as 
a chronic obstructive process, resulting from important 
alterations of the whole distal structure of the terminal 
bronchiole, called acinus, due to dilation of air spaces or 
destruction of alveolar wall, causing loss of respiratory 
surface and blood flow, decrease in elastic recoil and 
pulmonary hyperexpansion(4-5). Such anatomic changes 
may impact only part of the acinus or the whole acinar 
structure, indicating the etiology and the patophysiologic 
behavior of the disease(5).

The centriacinar emphysema presents the 
pulmonary acinus, impaired by enlargement or 
destruction of the respiratory bronchioli, mostly in 
apical zones, associated to smoking habits(6). Panacinar 
emphysema, found in patients with alpha-1-antitrypsin 
deficiency(7) and associated to centriacinar emphysema 
in patients who smoke, results from a simultaneous and 
uniform destruction of the alveolar walls and a diffuse 
enlargement of the pulmonary acinus, mainly in basal 
zones(6). Both types of emphysema may be found in 
patients with chronic obstructive pulmonary disease 
(COPD), in which, approximately, half of the patients 
present both forms of pulmonary emphysema, and 
about 25% present only one form of emphysema(6).

The distal acinar or paraseptal emphysema 
affetcs the peripheral region of the acinus, ducts and 
alveoli, wrapping them in an air layer, longitudinally 
to the interlobular septs(8). The localized paraseptal 
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emphysema is associated to spontaneous pneumothorax 
in young adults and pulmonary bullae in the elderly. 
Unilateral emphysema or MacLeod syndrome is 
a consequence of complications from smallpox 
or adenovirus in childhood, and congenital lobar 
emphysema usually appears in children before the 
sixth month of age(8).

PaTHOgenesis OF PULMOnaRY eMPHYseMa
Many processes seem to be involved in the pathogenesis 
of pulmonary emphysema. However, the hypothesis of 
the proteinase-antiproteinase enzymatic unbalance 
has prevailed as central theme in the last few years. 
According to this hypothesis, the destruction of the 
alveolar wall results from the action of active proteolytic 
enzymes that degrade the extracellular matrix (ECM) 
and affect the integrity of its components, specially the 
collagen and elastic fibers(9).

This concept was created based on two 
observations: 
a) subjects with alpha-1-antiprotease deficiency, 

considered a genetic defect transmitted by an 
autosomal recessive gene, usually develop severe 
pulmonary emphysema early in life(8); 

b) experimental models of pulmonary emphysema are 
based on nebulization or instillation of proteolytic 
enzymes, such as papain (Carica papaya)(5), porcine 
pancreatic elastase(10) and human neutrophilic 
elastase(11). That proteolytic process, associated 
to the uniform destruction of the ECM of the 
pulmonary acinus, results in morphophysiological 
and histological changes in the lungs, equivalent to 
those seen in emphysema in human beings(9).

The hypothesis of the pulmonary emphysema is 
related to alpha-1-antiprotease deficiency – which 
has inhibitory activity over the neutrophil elastase 
more promptly than over other proteinases(12) – or to 
the increased elastolytic activity – resulting from the 
accumulation and activation of neutrophils in smokers, 
when compared to non-smokers(9) – suggests the action 
of neutrophil proteinases as decisive to the development 
of emphysema. In an analysis of the inflammatory 
cells – present in the pulmonary parenchyma and in 
the terminal air spaces in lungs surgically removed 
from patients with mild or severe emphysema and 
patients without emphysema – an increased number 
of neutrophils, macrophages, T-lymphocytes and 
eosinophils was seen in the emphysematous tissue(13). 
These cells have a 10-fold increase in the lungs with 
severe emphysema, when compared to normal lungs(9). 
In advanced stages of COPD (associated to severe 
airway obstruction, especially in peripheral airways, 

and to a fast reduction in lung function), there is an 
increase in the neutrophil infiltrate(14). Stringer et al. 
demonstrated that the phagocytic action of neutrophils 
is impaired when they are exposed to cigarette smoke 
extract(15). Not only the neutrophils, but also the alveolar 
macrophages present dysfunctions when exposed to 
cigarette components. Alveolar macrophages are 
predominant cells in the airways and play an essential 
role in the genesis of emphysema, by means of releasing 
leukotrienes, prostaglandins, cytokines, chemokines, 
metalloproteinases (MMP) and reactive oxygen 
species(16). Analyzing the bronchial submucosa of 
patients with COPD, one sees that the predominance 
of alveolar macrophages correlates to severity of the 
disease(17). Macrophages of smoking patients express an 
increase in the antiapoptotic protein B-cell leukemia/
lymphoma (Bcl-XL), suggesting that cigarette-smoke-
induced oxidative stress may contribute to chronicity 
of the airway inflammation, associated to decreased 
cell apoptosis(18). Kirkham et al. observed, in in vitro 
studies, that in human macrophages exposed to 
cigarette smoke, the ability of such cells to phagocyte 
apoptotic neutrophils was reduced(19). Moreover, the 
release of neutrophilic, macrophilic and proteolitic 
enzymes induce the degradation of the ECM elastic 
component, as observed in experimental models(20), as 
well as in human emphysematous patients(21). Besides 
the elastic component of the ECM, these proteolitic 
enzymes showed remodeling and increased synthesis of 
collagen(10,22). 

Under normal conditions, there is a balance between 
the production of aggressive and protecting substances 
in the pulmonary acinus. However, prolonged smoking 
habits, associated to oxidative stress, induce the 
unbalance of such substances. The reactive oxygen 
species (ROS), derived from the cigarette-smoke 
oxidative stress, promote the activation of the kappa 
B (NF-кB) nuclear factor and activator protein 1 
(AP1), which may enhance inflammatory response in 
COPD lungs. Moreover, MAP kinases (MAPK) and 
phosphatidylinositol 3-kinase (PI3K) are also activated 
by ROS(23-24). Experiments with small rodents exposed 
to ozone confirmed NF-кB and p38 MAPK activation 
in lung cells(25). Di Stefano et al. demonstrated a higher 
expression of the nuclear factor NF-кB in bronchial 
cells of COPD patients(26). A similar result was observed 
in lungs of patients with COPD, in which the increase 
in the expression of nuclear factor NF-кB is associated 
to the degradation of the NF-кB (I-кB)α inhibitor(27). 
Oxidative stress may also cause I-кBα phosphorylation 
and its subsequent degradation into some typical 
cells(28).  

Also to be considered in the pathogenesis of 
pulmonary emphysema is the rate between cell 
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senescence and oxidative stress. Junqueira et al. 
demonstrated that oxidative stress may gradually 
develop with aging – as a consequence of an increase in 
plasma levels of products derived from lipid peroxidation 
and of the activation of antioxidant enzymes present in 
the erythrocytes circulating in the blood system – as the 
nutritional antioxidants plasmatic levels decrease(29). 
The lungs are continuously exposed to endogenous 
oxidants, mainly generated from phagocytic cells, or 
exogenous factors derived from atmospheric pollutants 
and mainly cigarette smoke(30). Patients with chronic 
obstructive pulmonary disease expressed an increase in 
oxidative stress biomarkers in the lungs(31), as well as in 
the respiratory muscles(32). Studies conducted in SMP30 
knockout rats showed increased airspace without 
alveolar destruction, revealing a new model of senile 
lung(33-34). 

Nevertheless, SMP30 knockout rats exposed to 
cigarette smoke demonstrated, besides an increase in 
aerial space, destruction of the alveolar wall, associated 
to increase in oxidative stress(35). Nyunoya et al. 
experimentally demonstrated that one single exposition 
to cigarette smoke can inhibit fibroblast proliferation 
(cells that are essential to promote lung repair after 
damage). Multiples expositions to cigarette smoke take 
these cells to an irreversible state of senescence(36). 
These cells, in turn, are not able to repair the pulmonary 
parenchyma and thus contribute to the development 
of emphysema(37). In addition, senescent cells cannot 
synthesize proteins(36). Such evidences indicate a possible 
involvement of cell senescence in the pathogenesis of 
pulmonary emphysema.

However, the fact that only a minority of smokers 
develop the disease suggests the existence of other risk 
factors, besides those mentioned above, in the genesis of 
pulmonary emphysema. Studies in relatives of patients 
with pulmonary emphysema clearly demonstrated 
the importance of the genetic factor in determining 
individual susceptibility to the disease(38).  Experimental 
studies in mice exposed to cigarette smoke(39), or 
after genetic modification(40) indicate the appearance 
of morphophysiological changes compatible with 
pulmonary emphysema.  

Even though the hypothesis of proteinase-
antiproteinase enzyme unbalance prevails in the 
pathogenesis of pulmonary emphysema, it is not 
clear yet whether the development of the disease is 
due to excessive proteases or alpha-1-antiprotease 
deficiency, or both. Nevertheless, the cellular and 
molecular and autoimmune phenomena, alveolar cell 
apoptosis and genetic factors must also be considered, 
since – together or isolate – they contribute to 
understanding of the pathophysiology of pulmonary 
emphysema.

ReFeRences 
1. Laennec RTH. A treatise on diseases of the chest and on mediate auscultation. 

4th ed. Forbes J, translator.  London: Longman; 1834.

2. Terminology, definitions and classifications of chronic pulmonary emphysema 
and related conditions: a report of the conclusions of a Ciba Guest Symposium. 
Thorax. 1959;14(4):286-99.

3. The definition of emphysema. Report of a National Heart, Lung, and 
Blood Institute, Division of Lung Diseases workshop. Am Rev Respir Dis. 
1985;132(1):182-5.

4. Barnes PJ. Chronic obstructive pulmonary disease. N Engl J Med. 
2000;343(4):269-80.

5. Fusco LB, Pego-Fernandes PM, Xavier AM, Pazetti R, Rivero DH, Capelozzi 
VL, et al. Modelo experimental de enfisema pulmonar em ratos induzido por 
papaína. J. pneumol. 2002;28(1):1-7.

6. Snider GL. Clinical relevance summary: Collagen vs elastin in pathogenesis 
of emphysema; cellular origin of elastases; bronchiolitis vs emphysema as a 
cause of airflow obstruction. Chest. 2000;117(5 Suppl 1):244S-6S.

7. Snider GL. Experimental studies on emphysema and chronic bronchial injury. 
Eur J Respir Dis Suppl. 1986;146:17-35.

8. Tarantino AB, Sobreiro MC. Doença pulmonar obstrutiva crônica. In: Tarantino 
AB. Doenças pulmonares.  4a ed. Rio de Janeiro: Guanabara Koogan; 1997. p. 
509-51.

9. Hogg JC, Senior RM. Chronic obstructive pulmonary disease – part 2: 
pathology  and biochemistry of emphysema. Thorax. 2002;57(9):830-4.

10. Kuhn C, Yu SY, Chraplyvy M, Linder HE, Senior RM. The induction of emphysema 
with elastase. II. Changes in connective tissue. Lab Invest. 1976;34(4):372-
80. 

11. Janoff A, Sloan B, Weinbaum G, Damiano V, Sandhaus RA, Elias J, et 
al. Experimental emphysema induced with purified human neutrophil 
elastase: tissue localization of the instilled protease. Am Rev Respir Dis. 
1977;115(3):461-78.

12. Rufino R, Lapa e Silva JR. Cellular and biochemical bases of chronic obstructive 
pulmonary disease. J Bras Pneumol. 2006;32(3):241-8.

13. Retamales I, Elliott WM, Meshi B, Coxson HO, Pare PD, Sciurba FC, et al.  
Amplification of inflammation in emphysema and its association with 
latent adenoviral infection. Am J Respir Crit Care Med. 2001;164(3): 
469-73.

14. Culpitt SV, Maziak W, Loukidis S, Nightingale JA, Matthews JL, Barnes 
PJ. Effect of high dose inhaled steroid on cells, cytokines, and proteases in 
induced sputum in chronic obstructive pulmonary disease. Am J Respir Crit 
Care Med. 1999;160(5 Pt 1):1635-9.

15. Stringer KA, Tobias M, O’Neill HC, Franklin CC. Cigarette smoke extract-induced 
suppression of caspase-3-like activity impairs human neutrophil phagocytosis. 
Am J Physiol Lung Cell Mol Physiol. 2007;292(6):L1572-9.

16. Barnes PJ. Alveolar macrophages in chronic obstructive pulmonary disease 
(COPD). Cell Mol Biol (Noisy-le-grand). 2004;50 Online Pub:OL627-37.

17. Saetta M, Di Stefano A, Maestrelli P, Ferraresso A, Drigo R, Potena A, 
et al.  Activated T-lymphocytes and macrophages in bronchial mucosa 
of subjects with chronic bronchitis. Am Rev Respir Dis. 1993;147(2): 
301-6.

18. Tomita K, Caramori G, Lim S, Ito K, Hanazawa T, Oates T, et al. Increased 
p21(CIP1/WAF1) and B cell lymphoma leukemia-x(L) expression and reduced 
apoptosis in alveolar macrophages from smokers. Am J Respir Crit Care Med. 
2002;166(5):724-31.

19. Kirkham PA, Spooner G, Rahman I, Rossi AG. Macrophage phagocytosis of 
apoptotic neutrophils is compromised by matrix proteins modified by cigarette 
smoke and lipid peroxidation products. Biochem Biophys Res Commun. 
2004;318(1):32-7.

20. Janoff A. Elastases and emphysema. Current assessment of the protease-
antiprotease hypothesis. Am Rev Respir Dis. 1985;132(2):417-33.



einstein. 2010; 8(2 Pt 1):248-51

Pathogenesis of pulmonary emphysema – cellular and molecular events 251

21. Fukuda Y, Masuda Y, Ishizaki M, Masugi Y, Ferrans VJ. Morphogenesis of 
abnormal elastic fibers in lungs of patients with panacinar and centriacinar 
emphysema. Hum Pathol. 1989;20(7):652-9.

22. Wright JL, Churg A. Smoke-induced emphysema in guinea pigs is associated 
with  morphometric evidence of collagen breakdown and repair. Am J Physiol. 
1995;268(1 Pt 1):L17-20.

23. Kamata H, Honda S, Maeda S, Chang L, Hirata H, Karin M. Reactive oxygen 
species promote TNFalpha-induced death and sustained JNK activation by 
inhibiting MAP kinase phosphatases. Cell. 2005;120(5):649-61.

24. Mossman BT, Lounsbury KM, Reddy SP. Oxidants and signaling by mitogen-
activated protein kinases in lung epithelium. Am J Respir Cell Mol Biol. 
2006;34(6):666-9.

25. Haddad EB, Salmon M, Koto H, Barnes PJ, Adcock I, Chung KF. Ozone 
induction of cytokine-induced neutrophil chemoattractant (CINC) and 
nuclear factor-kappa b in  rat lung: inhibition by corticosteroids. FEBS Lett. 
1996;379(3):265-8.

26. Di Stefano A, Caramori G, Oates T, Capelli A, Lusuardi M, Gnemmi I, et al.  
Increased expression of nuclear factor-kappaB in bronchial biopsies from 
smokers and patients with COPD. Eur Respir J. 2002;20(3):556-63.

27. Szulakowski P, Crowther AJ, Jiménez LA, Donaldson K, Mayer R, Leonard 
TB, et al. The effect of smoking on the transcriptional regulation of lung 
inflammation in patients with chronic obstructive pulmonary disease. Am J 
Respir Crit Care Med. 2006;174(1):41-50.

28. Bowie AG, Moynagh PN, O’Neill LA. Lipid peroxidation is involved in the 
activation of NF-kappaB by tumor necrosis factor but not interleukin-1 in the 
human endothelial cell line ECV304. Lack of involvement of H2O2 in NF-kappaB 
activation by either cytokine in both primary and transformed endothelial cells.  
J Biol Chem. 1997;272(41):25941-50.

29. Junqueira VB, Barros SB, Chan SS, Rodrigues L, Giavarotti L, Abud RL, et al. 
Aging and oxidative stress. Mol Aspects Med. 2004;25(1-2):5-16.

30. MacNee W. Pulmonary and systemic oxidant/antioxidant imbalance in chronic 
obstructive pulmonary disease. Proc Am Thorac Soc. 2005;2(1):50-60.

31. Rahman I, van Schadewijk AA, Crowther AJ, Hiemstra PS, Stolk J, MacNee 
W, et al. 4-Hydroxy-2-nonenal, a specific lipid peroxidation product, is elevated 
in lungs of patients with chronic obstructive pulmonary disease. Am J Respir 
Crit Care Med. 2002;166(4):490-5.

32. Barreiro E, de la Puente B, Minguella J, Corominas JM, Serrano S, Hussain 
SN, et al. Oxidative stress and respiratory muscle dysfunction in severe 
chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 
2005;171(10):1116-24.

33. Fujita T, Uchida K, Maruyama N. Purification of senescence marker protein-
30 (SMP30) and its androgen-independent decrease with age in the rat liver. 
Biochim Biophys Acta. 1992;1116(2):122-8.

34. Mori T, Ishigami A, Seyama K, Onai R, Kubo S, Shimizu K, et al. Senescence 
marker protein-30 knockout mouse as a novel murine model of senile  lung. 
Pathol Int. 2004;54(3):167-73.

35. Sato T, Seyama K, Sato Y, Mori H, Souma S, Akiyoshi T, et al. Senescence 
marker protein-30 protects mice lungs from oxidative stress, aging, and 
smoking. Am J Respir Crit Care Med. 2006;174(5):530-7.

36. Nyunoya T, Monick MM, Klingelhutz A, Yarovinsky TO, Cagley JR, Hunninghake 
GW. Cigarette smoke induces cellular senescence. Am J Respir Cell Mol Biol. 
2006;35(6):681-8.

37. Massaro D, Massaro GD, Baras A, Hoffman EP, Clerch LB. Calorie-related 
rapid onset of alveolar loss, regeneration, and changes in mouse lung gene 
expression. Am J Physiol Lung Cell Mol Physiol. 2004;286(5):L896-906. 

38. Silverman EK, Chapman HA, Drazen JM, Weiss ST, Rosner B, Campbell EJ, et 
al. Genetic epidemiology of severe, early-onset chronic obstructive pulmonary 
disease. Risk to relatives for airflow obstruction and chronic bronchitis. Am J 
Respir Crit Care Med. 1998;157(6 Pt 1):1770-8.

39. Shapiro SD. Animal models for chronic obstructive pulmonary disease: age of 
klotho and marlboro mice. Am J Respir Cell Mol Biol. 2000;22(1):4-7.

40. Morris DG, Huang X, Kaminski N, Wang Y, Shapiro SD, Dolganov G, et al. 
Loss of integrin alpha(v)beta6-mediated TGF-beta activation causes Mmp12-
dependent emphysema. Nature. 2003;422(6928):169-73.


