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Chronic obstructive pulmonary disease (COPD) is characterized
physiologically by expiratory flow limitation and pathologically by
alveolar destruction and enlargement and small and large airway
inflammation and remodeling. An imbalance between protease and
antiprotease activity in the lung is proposed as the major mechanism
resulting in emphysema. The imbalance is mostly due to an increase
in the numbers of alveolar macrophages and neutrophils. Emphy-
sema can also develop from increased alveolar wall cell death and/or
failure in alveolar wall maintenance. Chronic inflammation and
increased oxidative stress contribute to increased destruction and/
or impaired lung maintenance and repair. Genetic factors may play
an important role in disease susceptibility because only a minority of
smokers develops emphysema. Recent literature implicates surfac-
tant instability, malnutrition, and alveolar cell apoptosis as possible
etiologies. Identification of cellular and molecular mechanisms of
COPD pathogenesis is an area of active, ongoing research that may
help to determine therapeutic targets for emphysema.
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Chronic obstructive pulmonary disease (COPD) is a progressive
respiratory condition characterized clinically by dyspnea, cough,
and sputum production. Dyspnea is physiologically caused by
expiratory flow limitation. Pathologically, COPD lungs show
alveolar destruction and enlargement and inflammation of lung
parenchyma and airways. The pathogenesis of emphysema is an
arena of ongoing, active research, and new developments con-
tinue to arise. Emphysema can result from increased alveolar
wall cell death and/or failure of alveolar wall maintenance (1).
The literature indicates that chronic inflammation and increased
oxidative stress contribute to increased destruction and/or im-
paired lung maintenance and repair in emphysema. Further-
more, because only a minority of smokers develops clinically
significant emphysema, genetic factors may play an important role
in susceptibility or resistance to cigarette smoke (see Hersh and
coworkers, pages 486–493, this symposium [25]). We briefly
review a paradigm integrating these mechanisms in generating
emphysema. For a detailed review of COPD pathogenesis and
a description of related animal studies, readers are referred to
recent comprehensive reviews (1–4).

PATHOGENIC MECHANISMS IN EMPHYSEMA

Pathologically, COPD is characterized by diffuse inflammation
of lung parenchyma and airways (Figure 1). The inflammatory
response in emphysema typically shows evidence of the activa-
tion of innate and acquired inflammatory processes. The accu-
mulation of these inflammatory components contributes to the
lung injury in these patients and serves as a self-perpetuating
stimulus for further immune activation. The mobilization of
inflammatory cells to the lung leads to the release of potentially
destructive mediators, including tissue proteases and cytokines,
which directly contribute to tissue remodeling and destruction.
These mediators include chemoattractant factors, most notably
chemokines, which serve to attract additional inflammatory cells.
The overall inflammatory response serves to trigger structural
cells, including vascular endothelial cells and epithelial cells, to
produce substantial levels of proinflammatory cytokines, chemo-
kines, and other mediators.

In addition to inflammation, oxidative stress caused by ciga-
rette smoke inhalation plays a significant role in generating
emphysema. The major consequence of the oxidative stress is
the activation of the transcription factor nuclear factor-kB,
which activates proinflammatory cytokine transcription (5, 6).
Recent evidence suggests that cigarette smoke inhibits histone
deacetylase, further promoting the release of proinflammatory
cytokines (7). Therefore, oxidant injury and lung inflammation
act in concert to increase alveolar destruction or compromise
maintenance and repair of alveolar structure. Table 1 outlines
the established and some proposed mechanisms behind COPD
pathogenesis.

Protease–Antiprotease Balance

A prevailing hypothesis in the generation of emphysema is pro-
tease–antiprotease imbalance (4). A delicate balance between
protease and antiprotease activity is required for proper lung
maintenance (1). Derangements of this balance may result in
increased destruction and inappropriate repair of lungs, ultimately
causing emphysema. For example, a1-antitrypsin deficiency is
a well-described genetic risk factor for emphysema (8). Further-
more, several animal models show development of emphysema
with intratracheal instillation of elastolytic enzymes (1). An animal
model of matrix metalloproteinase (MMP)-12 knockout mice
showed resistance to development of emphysema in mice exposed
to cigarette smoke (9). Macrophages and neutrophils are main
sources of proteases in lungs, and many studies have shown
correlations between the degree of macrophage and neutrophil
inflammation and severity of airflow obstruction (10). In addition
to neutrophil elastase and MMP-12, there are other proteases that
may play an important role, including MMP-8 (a collagenase),
MMP-9 (a gelatinase), and cathapsins S, L (in macrophages), and
G, and proteinase-3 (in neutrophils) (4).

In addition to destruction of the matrix, elastin fragments
generated by proteinases have a chemotactic effect on mono-
cytes and thus increase the inflammatory and protease burden
in the lung, creating a positive feedback loop that results in
continuous destruction of lung parenchyma (9, 11, 12). In short,
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protease–antiprotease imbalance can degrade the lung matrix
and affect alveolar structure maintenance by altering the matrix
and cell signaling (1).

Maintenance of Alveolar Structure and Apoptosis

The neonatal lung develops from interactions between foregut
endoderm and mesenchyma. This development is completed by
alveolarization that continues into the neonatal period. Devel-
opment and maintenance of alveolar structure depends on the
concerted interaction among various elements of the alveolar
wall. Massaro and Massaro suggested that this remarkable phe-
nomenon of lung parenchymal plasticity is related to amount of
oxygen consumption and nutritional status (13).

Many studies have suggested that malnutrition and starva-
tion may contribute to the development of emphysema. Studies
by Sahebjami and colleagues suggest that caloric restriction may
result in loss of alveoli and lung cells and that increasing nu-
trition restores normal structure (14). Autopsies undertaken on
starved patients during World War II revealed signs of emphy-
sema in relatively young individuals (15). Finally, patients with
anorexia nervosa have decreased diffusing capacity and increased
emphysema via computed tomography (CT) imaging compared
with a control group in one trial (16). In an editorial review,
Massaro and Massaro differentiated the regulated alveolar loss
of malnutrition from tobacco-induced emphysema (17). Mas-
saro and Massaro suggest that malnutrition results in regulated
and spontaneously reversible alveolar loss in response to an
internal stimulus (calorie restriction), whereas tobacco-induced
emphysema is an unregulated spontaneously irreversible pro-
cess due to exposure exogenous agents (17).

The literature suggests that surfactant may play an important
role in the maintenance of alveolar structure. Blockage of
neutral lipid metabolism has been shown to cause emphysema,
increased lung neutrophils and macrophages, increased expres-
sion of proinflammatory cytokines and MMPs, and Clara cell
hypertrophy and hyperplasia in a lysosomal acid lipase knock-
out mouse model (18). Emphysema- and inflammation-related
remodeling is also seen in the absence of surfactant proteins A,
C, and D with findings similar to lysosomal acid lipase knockout
mice (19). In short, the plasticity of alveoli allows constant
adjustment of lung parenchyma, and interference with this pro-
cess leads to enlargement and destruction of the alveolar space.

Recent studies point to the role of alveolar structure main-
tenance failure and apoptosis as a contributing mechanism to
emphysema development (20). This failed maintenance can
target one or more cell types and produce changes similar to
emphysema. For example, vascular endothelial growth factor, an
endothelial cell survival factor, is abundant in the lung, and its
blockade results in apoptosis-dependent airspace enlargement
(21–23). In contrast, apoptosis of type II pneumocytes may
compromise the production of surfactant, which produces
changes similar to emphysema in animal models (18, 19). Fur-
thermore, the maintenance of the alveolar structure depends
upon the interaction between different cell types and the lung’s
matrix. Thus, failure of one cell type may result in damage to the
other cell types and failure of the overall maintenance program.
Tsao and colleagues, in a mouse model of lung over expression of
placental-like growth factor, reported pulmonary emphysema
starting at 6 months of age, which became prominent at 12 months
of age (24). The mice showed increased apoptosis of type II pne-
umocytes and reduced mRNA of vascular endothelial growth
factor and platelet–endothelial cell adhesion molecule-1, indicat-
ing a reduced number of endothelial cells. The authors speculated
that the apoptosis of type II pneumocytes may have resulted in
a reduction of endothelial cells (24).

CONCLUSIONS

Ongoing inflammation and oxidative stress results in damage to
airspace structure and disturbance of the normal maintenance of
alveolar structure. Data strongly support a role for protease–
antiprotease imbalance in the development of emphysema. Fur-
thermore, recent studies support the additional role of apoptosis

Figure 1. Macrophages are activated by cigarette

smoke and recruit neutrophils and CD81 lympho-

cytes to cause elastolysis and emphysema. Simi-
larly, cigarette smoke activates airway epithelium to

trigger airway remodeling. Both of these processes

result in airflow obstruction. CXCR3 5 chemokine
CXC receptor 3; EGF 5 epidermal growth factor;

GROa 5 chemokine growth-regulated protein al-

pha; IP-10 5 IFN-gamma-inducible 10 kD protein;

LTB4 5 leukotriene B4; Mig 5 monokine induced by
IFN-gamma; MMPs 5 matrix metalloproteinases;

PDGF 5 platelet-derived growth factor; TGF-b 5

transforming growth factor-b.

TABLE 1. ESTABLISHED AND PROPOSED MECHANISMS OF
CHRONIC OBSTRUCTIVE PULMONARY DISEASE PATHOGENESIS

Established mechanisms

Protease–antiprotease imbalance

Histone deacetylase inhibition

Airway inflammation with macrophages, neutrophils, and CD81 lymphocytes

Oxidant injury

Proposed mechanisms

Malnutrition

Surfactant instability

Alveolar cell apoptosis
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in emphysema. Identification of the cellular and molecular mech-
anisms involved in the development of emphysema may have
important implications for the development of new targets for
therapeutic intervention.
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