
Abstract
neutrophil elastase, metalloproteinases, and their in-
hibitors play an important role in the development of
chronic obstructive pulmonary disease (CoPd), re-
sulting in extensive tissue damage and malfunctioning
of  the airways. nearly fifty years after the protease-an-
tiprotease imbalance hypothesis has been suggested
for the cause of  emphysema, it is still appealing, but it
does not explain the considerable variation in the clini-
cal expressions of  emphysema. however, there are
many recent research findings to support the imbal-
ance hypothesis as will be shown in this review. Al-
though limited, there might be openings for the treat-
ment of  the disease. 
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ChroniC oBStrUCtiVe PULMonAry diSeASe

Chronic obstructive pulmonary disease (CoPd) is one
of  the major health care problems in the present
world. the global prevalence of  CoPd in adults 40
years or older is approximately 9-10% and is higher in
smokers than in non-smokers, and higher in men than
in women (halbert et al 2006). CoPd is an important
cause of  death in many countries and the incidence is
still increasing because of  the expanding epidemic of
smoking and the increasingly aging population (Chap-
man et al 2006). Because of  its increasing incidence,
the World health organization (Who) in collabora-
tion with the US national institutes of  health formed
the Global initiative for chronic obstructive lung dis-
ease (GoLd). the GoLd definition describes
CoPd as ‘A disease state characterized by airflow lim-
itation that is not fully reversible, and that is usually
both progressive and associated with an abnormal in-
flammatory response of  the lungs to noxious particles
or gases’ (Pauwels et al 2001). Classically, CoPd in-
volves the three morphological forms chronic bron-
chitis, emphysema, and small airway disease. however,
these pathologic entities can be present in mixed
forms in the same patient (Jeffery 2001).Chronic bron-
chitis is characterized by cough with expectoration due
to mucus hypersecretion, which does not always lead
to airway obstruction. Goblet cell hyperplasia is ob-
served in the bronchial wall, but the excessive mucus
production correlates poorly with the mucus gland
mass (yoshida and tuder 2007). emphysema is char-

acterized by a permanent air space enlargement due to
a process of  alveolar destruction and is not associated
with significant fibrosis (Snider et al 1985, 1986).
damage to the alveolar wall and attachment destruc-
tion leads to the loss of  elastic recoil. there are two
major types of  emphysema, according to the distribu-
tion within the acinus: centrolobular and panlobular.
the centrolobular form involves dilatation and de-
struction of  the respiratory bronchioles, while the
panlobular form of  emphysema involves the destruc-
tion of  the whole of  the acinus. the former is the
most common type of  emphysema in CoPd and is
more prominent in the upper zones, while the latter
predominates in patients with a1-antitrypsin deficien-
cy and is more prominent in the lower zones.

CoPd And infLAMMAtion

All these morphological forms of  CoPd, chronic
bronchitis, small airway disease, and emphysema are
accompanied by airway inflammation. the inflamma-
tory cell profile in the alveolar walls and the air spaces
is similar to that described in the airways and persists
throughout the course of  the disease (finkelstein et al
1995). An increase in neutrophils, macrophages, and
t-lymphocytes in various parts of  the lung is charac-
teristic and relates to the degree of  airflow limitation
(Saetta et al 1998). there may be an increase in
eosinophils in some patients as well, particularly dur-
ing exacerbations (Saetta et al 1994, 1996). these in-
flammatory cells are capable of  releasing a variety of
cytokines and inflammatory mediators. in addition,
the airway epithelium is a rich source of  cytokines and
chemokines that recruit both neutrophils and
macrophages into the airspaces. Many of  these cy-
tokines are overexpressed in CoPd (Chung 2001;
Macnee 2007). the pro-inflammatory cytokines iL-1β
and tnf-a are released by airway epithelial cells dur-
ing inflammatory reactions induced by infection, in-
jury, or smoking cigarettes. Both cytokines share bio-
logical functions through some common signal trans-
duction pathways (Stewart and Marsden 1995). the
expression of  metalloproteinases and other enzymes
involved in the degradation of  connective tissue pro-
teins is stimulated by iL-1β in close connection with
tnf-a (Cao et al 1996; Churg et al 2002, 2003a, 2004;
Kusano et al 1998). the neutrophils release a large ar-
ray of  serine proteases including elastase, proteinase-3
and cathepsin G, all are able to induce emphysema in
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animal models (Stockley 1983) by destroying the
elastin and components of  the alveolar wall (Saetta et
al 2001). it has been shown that during cardiopul-
monary bypass surgery increased levels of  plasma elas-
tase and metalloproteinases (MMPs) occur, which may
cause pulmonary injury (de Backer et al 1996; Stein-
berg et al 2001). neutrophils may also play a role in
the mucus hypersecretion, which is characteristic for
chronic bronchitis. All neutrophil proteases are potent
secretagogues (nadel 1991; Sommerhoff  et al 1990;
Witko-Sarsat et al 1999). elastase is also a very potent
inducer of  mucus gland hyperplasia (Sommerhoff  et
al 1990).

ProteASeS And their inhiBitorS

elastase is a serine proteinase with a primary transla-
tional product of  267 amino acids and variable glyco-
sylation, migrating with a molecular mass of  28 to 31
kilodalton (kda) (Sinha et al 1987). the n-terminal
amino acid sequence is strongly homologous with that
of  pancreatic elastase. interestingly, the pancreatic
elastase is generated from pro-elastase by tryptic cleav-
age of  an n-terminal activation peptide, whereas no
pro-enzyme has been detected for the elastase (Barrett
1981). elastase is synthesized in the promyelocytic
stage of  myeloid development and stored in large
quantities in its active form in neutrophil azurophilic
granules (takahashi et al 1988). elastase has potent
catalytic activity against a broad array of  extracellular
matrix substances, such as elastin (Senior et al 1976),
cartilage proteoglycan (roughley and Barrett 1977),
collagen types i and ii (Starkey et al 1977), type iii
(Gadek et al 1980), type iV (davies et al 1978), and fi-
bronectin (Mcdonald and Kelley 1980). Both neu-
trophils and macrophages are also able to produce
metalloproteinases, which are likely to contribute to
injury of  the lung. Cigarette smoke exposure induces
either directly or indirectly the production of  MMP-1
(collagenase), MMP-9 (gelatinase B), MMP-12
(macrophage elastase), and other metalloproteinases
by macrophages (Shapiro 1999). A deregulated expres-
sion of  these metalloproteinases could lead to the lung
destruction characteristic of  emphysema. MMP-12 is a
54 kda proenzyme that is processed by loss of  both
n- and C-terminal residues into a 40 kda and then to
a 22 kda active form. it has been suggested that
MMP-12 gene polymorphisms may account for the ac-
tivity of  MMP-12 in various diseases and that it is one
of  the causative factors in smoking related lung injury
(Belvisi and Bottomley 2003). in healthy humans, the
lung is protected by a variety of  antiproteases that
quickly inactivate free proteases. the major antipro-
teases which are also involved in the pathogenesis of
CoPd include a1-antitrypsin, a1-antichymotrypsin,
secretory leukocyte proteinase inhibitor (SLPi), elafin,
cystatins and tissue inhibitors of  metalloproteinases
(tiMP), including tiMP-1, tiMP-2, and tiMP-3. in
the lung, alpha-1-antitrypsin (A1At), also known as
serum trypsin inhibitor, is the most predominant an-
tiprotease. A1At is a single chain glycoprotein consist-
ing of  394 amino acids. A1At belongs to the family of
serine protease inhibitors, known as serpins. A1At has
the ability to inhibit a wide variety of  proteases, but it

has the highest affinity for elastase. normal physiolog-
ical concentrations of  A1At in adults' serum ranges
from 1.5-3.5 g/l, but the concentration will rise many
folds upon acute inflammation. this up-regulation is
required to balance the secretion of  elastase by neu-
trophilic granulocytes. Also during infection, cancer
and pregnancy an increase in serum concentration of
A1At occurs. SLPi has a lower association rate con-
stant for elastase than A1At and is partially reversible,
meaning that SLPi is not equipotent to A1At, al-
though it does inhibit on a one-to-one molar basis.
elafin has a similar affinity to elastase as A1At, but
both SLPi and elafin are present at lower concentra-
tions than A1At (Gettins 2002; Williams et al 2006). 

ALPhA-1-AntitryPSin defiCienCy

deficiency of  A1At, a rare genetic condition with au-
tosomal co-dominant inheritance (Köhnlein and Welte
2008), was first recognized in 1963 (Laurell and eriks-
son 1963) and classically presents with emphysema in
young- to middle-aged adults. they described an asso-
ciation between familial emphysema and deficiency of
A1At. Shortly thereafter fagerholm described the al-
lelic variation of  A1At (fagerholm and Laurell 1967).
two mutations in the A1At gene have been associated
with decreased A1At serum levels (Siafakas and
tzortzaki 2002). other researchers proposed that
A1At deficiency is one of  the most common heredi-
tary disorders in the world (de Serres 2002). in total,
there are at least 120 million carriers of  defective alle-
les, which are populations at risk for emphysema de-
velopment and 3.4 million carriers of  deficiency allele
combinations who may eventually develop CoPd.
these individuals with A1At deficiency only account
for a small proportion of  the total CoPd burden.
Much more than 70 different variants are recognized
and they are classified according to their proteinase in-
hibitor (Pi) properties (Brantly et al 1998). the most
common phenotype presenting with clinical evidence
of  A1At deficiency is PiZZ or Znull. the serum con-
centration of  A1At in patients with genotype PiZ is
about 10-15% of  normal concentrations. Acquired de-
ficiency is much more common and occurs because of
the inactivation of  a methionine residue in the active
site of  A1At by free oxygen radicals and substances
present in cigarette smoke. A1At is an acute-phase re-
actant with anti-protease properties mainly synthe-
sized by liver cells and the Z-variant of  A1At is re-
tained as inclusion bodies in the endoplasmic reticu-
lum of  hepatocytes (Sandford and Silverman 2002).
thus A1At deficiency is merely a failure in the secre-
tion rather than in the biosynthesis of  A1At that
leads to the deficiency (Crystal 1989; Luisetti and Seer-
sholm 2004). Vitamin d-binding protein (VdBP, also
known as a group-specific component or Gc-globulin)
is the main systemic transporter of  1,25(oh)2 vitamin
d3 and is essential for its cellular endocytosis (on-
gagna et al 2005). it is a highly expressed polymorphic
protein that is a precursor to inflammation-primed
macrophage activating factor (GcMAf) (nagasawa et
al 2004) and can significantly enhance leukocyte
chemotactic activity to C5a and C5a des-Arg (Zhang
and Kew 2004). thus, it can regulate the inflammatory
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response or diminish antioxidative capacity of  the
host. A decreased frequency of  2-2 genotype of
VdBP was reported in CoPd patients (Zhang and
Kew 2004), but this was not replicated (Kueppers et al
1977a, 1977b). in the last 10 years, many publications
reviewed the genetic profile of  CoPd (hoidal 2001;
Sampsonas et al 2006; Sandford et al 2002; Sandford
and Silverman 2002; Snider 2003). these data indicate
that in addition to A1At deficiency, other forms of
genetic susceptibility also play a crucial role in CoPd
development. Alpha-2-macroglobulin is a protease in-
hibitor, and its serum deficiency is very rare. there are
only case reports of  CoPd patients and a2-macro -
globulin polymorphism (Poller et al 1989).

the iMBALAnCe hyPotheSiS

the ‘protease-antiprotease imbalance’ hypothesis for
the development of  emphysema has been postulated
more than forty years ago (eriksson 2008), who
demonstrated for the first time the existence of  A1At
deficiency (Laurell and eriksson 1963), and this hy-
pothesis is still supported. the hypothesis is appealing
but does not explain the considerable variation in the
clinical expression of  emphysema in individuals who
smoke cigarettes, as is shown in this review. only 10-
15% of  A1At-deficient individuals (Burdon et al
1996) and 10-20% of  cigarette smokers develop em-
physema (Postma and Boezen 2004; tetley 1993). Sev-
eral lines of  evidence are suggestive for the validity of
the hypothesis: 1. instillation of  elastase can induce
emphysema in the lungs of  animals (Gross et al 1965;
Janoff  et al 1977; Snider et al 1984); 2. destruction of
elastins by elastase and the loss of  elastic recoil
(Campbell et al 1987; Shapiro et al 2003); and 3. genet-
ic deficiency of  a1-proteinase inhibitor increases the
susceptibility to the development of  emphysema (Lau-
rell and eriksson 1963; Stoller and Aboussouan 2005).
together with the fact that proteolytic enzymes pro-
duce many of  the clinical and pathological features of
CoPd, these observations firmly establish the con-
cept that enzyme activity and tissue damage in emphy-
sema are the result of  excess release of  proteinases, or
a reduction in the levels of  inhibitors required to con-
trol them.

SeCretory LeUKoCyte ProteinASe
inhiBitor

Since most of  the other anti-proteases, such as SLPi
and elafin, are considerably smaller molecules than
A1At, these molecules are thought to be active in ar-
eas such as intercellular spaces that are not accessible
to the larger A1At molecule (Ayad et al 2003; Vo-
gelmeier et al 1991). however, even very small molec-
ular weight inhibitors are no better than A1At in stud-
ies looking at the process of  quantum proteolysis
(Campbell et al 1999). SLPi has a major benefit that
relates to the fact that it can inhibit elastase bound to
connective tissue substrate, whereas A1At is not very
good at this. this gives an impression that SLPi actu-
ally gets under the cell, whereas it is a very different
mechanism. Although SLPi, like A1At, is inactivated
by cigarette smoke-induced oxidation, oxidized SLPi

maintains its anti-proteinase activity particularly at
high concentrations (Boudier and Bieth 1994). it has
been proposed that SLPi is important for protecting
the respiratory epithelium because of  its location in
the bronchi (ohlsson and tegner 1976; tegner 1978).
in contrast to A1At, SLPi blocks elastase in the alveo-
lar walls (Bruch and Bieth 1986). Ayad et al (2003)
demonstrated higher concentrations of  SLPi in serum
and BAL fluid in A1At deficient individuals as com-
pared to normal PiM subjects. they speculated that
there may be some genetic, or other, compensatory
processes leading to an increase in SLPi in A1At defi-
cient individuals. SLPi can protect the lung against the
development of  emphysema in A1At deficient sub-
jects and cigarette smokers have lower SLPi concen-
trations than never-smokers, presumably due to irre-
versible bronchial epithelial damage. the relationship
may be false, because A1At deficient subjects may
have more mucus hypersecretion, which could raise
the SLPi level above that of  individuals who have no
mucus hypersecretion. however, in studies reported
by hill et al (1999, 2000), having appropriate controls
between deficient and non-deficient subjects, it was
clear that SLPi was actually lower and this is consis-
tent with an effect of  proteolytic enzymes, which
cause a reduction in SLPi secretion from airway cells.
it is also consistent with the reduction in SLPi that oc-
curs during acute exacerbations when elastase activity
rises. in contrast, hollander et al (2007) could not
demonstrate increased levels of  SLPi and a1-1-an-
tichymotrypsin in plasma of  A1At deficient individu-
als. their argument is that increased protease inhibitor
levels in plasma occur at young age, and decrease to
normal levels with increasing age. this is supported by
some reports (Ganrot 1968; tunstall et al 1975). they
also question if  plasma is the relevant biological fluid
to measure SLPi, since SLPi is produced locally in the
airways and is regulated by various pro-inflammatory
stimuli. other serine protease inhibitors, such as a-1-
antichymotrypsin, a-2-macroglobulin, anti-thrombin,
and anti-plasmin play also important roles in control-
ling serine protease activity. While these inhibitors are
produced mainly by the liver and reach the other tis-
sues by passive diffusion (Kalsheker et al 2002; Morri-
son et al 1987; Vignola et al 1998), SLPi and elafin are
produced locally by airway epithelial cells (Sallenave et
al 1994, 1997). thus, it cannot be excluded that under
inflammatory conditions the compensatory increase in
SLPi and/or other protease inhibitors may reduce the
severity of  A1At deficiency. SLPi is considered equi -
potent to A1At as an airway anti-proteinase. dnA de-
rived from individuals with a broad range of  A1At
mutations, many of  which occur in high frequency,
and analyzed for SLPi mutations has been found to
have no polymorphisms in the major SLPi coding ex-
ons (Abe et al 1991). in addition, no polymorphisms
were detected in individuals who had obstructive lung
disease at an early age, but did not have A1At defi-
ciency or cystic fibrosis, i.e., hypothetically those who
had an increased chance of  having an abnormal SLPi
gene that might be responsible for their disease (Abe
et al 1991; Chang et al 2006).these data suggest that
structural mutations in SLPi may not be involved in
the pathogenesis of  CoPd (ning et al 2004).

eUroPeAn JoUrnAL of MediCAL reSeArChnovember 4, 2010 29

S. I-X, 1-78_Layout 1  22.10.10  14:48  Seite 29



MetALLoProteASeS And eLAStASe

one of  the most prominent families of  proteases
cleaved by elastase is the group of  matrix metallopro-
teases. Serine proteases such as elastase, cathepsin G,
and proteinase-3 have been shown to activate MMP-2,
and this activation could be blocked by a1-antitrypsin,
but not by an MMP-inhibitor (Shamamian et al 2001).
Geraghty et al (2007) have demonstrated that elastase
could induce cathepsin G and MMP-2 expression and
activity in macrophages. their study provides data that
elastase presides over a novel hierarchy in protease
regulation, causing tissue destruction in diseases asso-
ciated with a high burden of  elastase. the up-regula-
tion and release of  cathepsin B by elastase is an inter-
esting observation. Zheng et al (2000) were the first to
demonstrate that cathepsins are released in response
to cigarette smoke. Mediators that generate th2-type
tissue inflammatory responses are also able to activate
proteolytic pathways. By using an overexpressing
transgenic modelling system to target iL-13 to the
murine lung, they were able to induce a phenotype
that is equal to human CoPd with prominent emphy-
sema, enlarged lungs, enhanced pulmonary compli-
ance, mucus metaplasia, and a mixed tissue inflamma-
tion. the cathepsins, but also metalloproteinases were
induced by iL-13 and it has been suggested that iL-13
is an important regulator of  the protease/antiprotease
balance contributing to the pathogenesis of  CoPd.
earlier it was demonstrated that MMP-12 is essential
for cigarette smoke-induced inflammation and emphy-
sema in the murine lung (hautamaki et al 1997) and
that MMP-12 expression is enhanced in alveolar
macrophages from smokers and patients with emphy-
sema (Shapiro 2000). 

Zheng et al (2000) have also studied the effects of
metalloproteinase and cathepsin proteinase inhibitors
on the outcome of  iL-13 induced emphysema. these
experiments show that these antagonists partially ab-
rogated the iL-13-induced emphysema and that they
were more effective at reducing lung volume and alve-
olar destruction when used in combination. Levels of
a variety of  important antiproteases in the lungs of
iL-13 overexpressing animals, such as tiMP-2, tiMP-
3, tiMP-4, SLPi, and cystatin C, were not changed.
An increased expression of  tiMP-1 was noted as be-
ing not of  sufficient magnitude to inhibit the induced
emphysema. however, the expression of  A1At was
decreased. the biological significance of  the latter ob-
servations is questionable because the level of  A1At
produced by the liver is exceeding that of  lung-derived
A1At. When cathepsin B is converted into an active
form by elastase (Burnett et al 1995), it is able to inac-
tivate important respiratory tract innate immune pro-
teins such as SLPi, human β-defensins 2 and 3, and
lactoferrin (Geraghty et al 2007; rogan et al 2004;
taggart et al 2003). in that way, elastase-induced
cathepsin B release may not only lead to degradation
of  the extracellular matrix, it will also have an impact
on important antimicrobial peptides and proteins.

Although tobacco smoking is an important inducer
of  CoPd, it is not the sole course, because other
causes are abnormal recruitment and activation of  in-
flammatory cells and excess levels of  free radicals.

nevertheless, smoking-induced emphysema both in
humans and in animal models results from enzymes
derived from alveolar macrophages, more precisely the
metalloproteinases (Macnee 2007). Mice deficient in
macrophage elastase (MMP-12) and rats depleted of
macrophages did not develop emphysema after long-
term smoke exposure (hautamaki et al 1997; ofulue
and Ko 1999). however, neutrophils also secrete
cathepsin and MMP-8 and MMP-9 beside elastase.
Several studies still confirm the importance of  the
neutrophil in emphysema (Churg et al 2003a; Shapiro
et al 2003). there is a considerable interaction be-
tween the metalloproteinases, with MMP-1 activating
MMP-2, MMP-2 activating MMP-1 and MMP-12, and
MMP-13 activating MMP-9 (McCawley and Matrisian
2001; Wright and Churg 2007). Which metallopro-
teinases are actually important in emphysema is a con-
troversial issue. increased levels of  MMP-1, MMP-9,
and MMP-12 have been found in the lungs of  emphy-
sema patients (demedts et al 2006; finlay et al 1997;
imai et al 2001; Molet et al 2005; ohnishi et al 1998;
russell et al 2002). thus, collagenases, gelatinases, and
elastases appear to be important in emphysema, but
the different metalloproteinases may play different
roles in animals compared to humans. tnf-a serves
as a central mediator. it activates a proteinase cascade
and the mediator itself  is activated by proteinases.
Macrophage-derived MMP-12 is able to liberate tnf-
a from the surface of  the macrophage, resulting in in-
filtration of  neutrophils by activation of  endothelial
cells. the migrated neutrophils, in turn, release elas-
tase upon tnf-a stimulation. Moreover, MMP-12
and the neutrophil-derived elastase potentiate the ac-
tion of  each other by inactivating A1At and tiMP-1,
respectively (Shapiro et al 2003). in a recent study, it
has been shown that the number of  MMP-12 positive
macrophages in lavage fluid of  smokers with CoPd
was higher compared with ex-smokers with CoPd,
healthy smokers, and healthy never-smokers (Babusyte
et al 2007). A similar result was observed for MMP-12
positive macrophages in induced sputum from these
patients. Although the number of  macrophages in in-
duced sputum was not significantly higher in smokers
with CoPd compared with the ex-smokers with
CoPd, several studies show that MMP-12 may indeed
play a role in CoPd in humans. the expression of
MMP-12 in healthy smokers is increased compared
with non-smokers, supporting the suggestion that
smoking may increase the expression of  this enzyme
(Babusyte et al 2007; demedts et al 2006; Molet et al
2005). the contribution of  MMP-12 to smoke-in-
duced emphysema is probably enhanced by indirect ef-
fects, such as inactivation of  A1At (Gronski, Jr. et al
1997), and MMP-12 mediated recruitment of  neu-
trophils to the lung (Churg et al 2003a). otherwise,
MMP-12 may accumulate and would not rapidly de-
creases or become inactivated after smoking cessation,
exaggerating a persistent inflammation. in a very re-
cent paper, Lowrey et al (2008) have described that
MMP-9 protein, but not metalloproteinase activity,
was higher in sputum of  CoPd patients compared
with smoking controls. they suggest that MMP-9 
levels may not reflect the overall metalloproteinase ac-
tivity in the airways of  CoPd patients, reflecting a
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complex relationship between MMP-9 levels and
activity. 

Another striking finding is that A1At administra-
tion to a model of  cigarette smoke exposed mice is
able to suppress smoking-induced increases in serum
tnf-a, and a decreased inflammatory cell influx into
the lung (Churg et al 2003b). recent work has shown
that A1At inhibits lipopolysaccharide-mediated in-
creases in tnf-a and iL-1β release from human
blood monocytes (Janciauskiene et al 2004, 2007; nita
et al 2005). Similarly, administration of  A1At to pa-
tients with deficiency of  the anti-proteinase decreased
sputum elastase activity, and sputum levels of
leukotrienes B4 (Stockley et al 2002). in addition,
A1At can inhibit both thrombin and plasmin, pre-
venting release of  MMP-12 and tnf-a (Churg et al
2007). important in this case is also the enhancing ef-
fect of  A1At on LPS-stimulated iL-10 generation, be-
cause it influences a specific mechanism for the effects
of  A1At rather than a general depressive effect of
A1At on cell function (Janciauskiene et al 2004).
thus, we might say that A1At not only is a protease
inhibitor, it also exhibits anti-inflammatory properties.

iMPLiCAtionS for treAtMent

Medical treatment of  elastase-induced emphysema is
similar to the treatment of  general CoPd and should
be tailored to each individual patient. the targets of
treatment are the prevention of  accelerated decline of
pulmonary function, reduction of  lung infections, and
improvements in exercise capacity. however, none of
the existing pharmaceutical treatments for CoPd has
been shown to modify the long-term decline in lung
function. therefore, pharmacotherapy is used to de-
crease symptoms and/or complications (Chrystyn et al
1988; Gross et al 1989; higgins et al 1991; Vathenen et
al 1988). Pharmaceutical treatment consists of  applica-
tion of  long-acting β2-agonists, formoterol or salme-
terol. the combination of  β2-agonists with long-act-
ing anticholinergic tiotropium or theophylline may
provide additional improvement in lung function and
health status (Guyatt et al 1987; the CoMBiVent
inhalation Solution Study Group 1997). Short-acting
β2-agonists may only provide relief  in acute situations.
the mucolytic and antioxidant n-acetylcysteine has
proven itself  as a mucolytic, but its anti-inflammatory
properties are rather limited (decramer et al 2005; Pet-
ty 1990; van overveld et al 2005). the benefit of  in-
haled corticosteroids is widely debated. oxygen thera-
py enables many patients with severe CoPd to lead a
more normal life and increase survival (nocturnal
oxygen therapy trial Group 1980; report of  the
Medical research Council Working Party 1981). Physi-
cal exercise will improve breathing ability by relieving
dyspnea and fatigue (Berry et al 1999). Surgical ap-
proaches to improving dyspnea by removing areas of
major lung damage from emphysema are only effective
in a very small and carefully selected part of  the pa-
tient population (Mehran and deslauriers 1995; naun-
heim et al 2006). finally, substitution therapy with hu-
man A1At in non-smoking patients with low A1At
serum levels (<0.8 g/l) is performed for about ten
years in a small number of  countries. in addition to

the high cost of  this therapy, the evidence for its effi-
cacy is limited (Köhnlein and Welte 2008). the devel-
opment of  elastase inhibitors has significantly in-
creased our knowledge. in the last 15 years, elastase in-
hibitors have been used in many animal studies.
Among the inhibitors are chloromethylketone, iCi-
200,355, L-658,758, ono-5046, and SC-39026. how-
ever, SLPi is easy to produce synthetically. in addition,
when delivered by aerosol SLPi is retained in the ep-
ithelial lining fluid of  the lungs with a sufficient long
half-life of  12 hours. A third advantage is the insensi-
tivity to MMP-8, a factor generally abundant at sites
with high elastase concentrations (fitch et al 2006).
delivery of  exogenous proteinase inhibitors might
thus have many advantages in the treatment of
CoPd, and SLPi seems to be a promising candidate.

ConCLUSionS

in general, we might say that the major proteinases in-
volved in the pathogenesis of  CoPd include those
produced by neutrophils (elastase, cathepsin G and
proteinase-3) and macrophages (cathepsins), and vari-
ous metalloproteinases. the major anti-proteinases in-
volved in the pathogenesis of  CoPd include alpha-1-
antitrypsin, secretory leukocyte proteinase inhibitor,
and the tissue inhibitors of  MMPs. As soon as the
fragile equilibrium is disturbed by external or internal
factors, the individual is prone to the development of
chronic and destructive lung disease, leading to disabil-
ity, and ultimately death.

Conflicts of  interest: the authors declare no conflict of  interest in
relation to this article.

referenCeS

Abe t, Kobayashi n, yoshimura K, trapnell BC, Kim h,
hubbard rC, Brewer Mt, thompson rC, Crystal rG.
expression of  the secretory leukoprotease inhibitor gene
in epithelial cells. J Clin invest 1991; 87: 2207-15.

Ayad MS, Knight Kr, Burdon JGW, Brenton S. Secretory
leukocyte proteinase inhibitor, alpha-1-antitrypsin defi-
ciency and emphysema: Preliminary study, speculation
and an hypothesis. respirology 2003; 8: 175-80.

Babusyte A, Stravinskaite K, Jeroch J, Lötvall J, Sakalauskas
r, Sitkauskiene B. Patterns of  airway inflammation and
MMP-12 expression in smokers and ex-smokers with
CoPd. respir res 2007; 8: 81.

Barrett AJ. Leukocyte elastase. Methods enzymol 1981; 80:
581-8.

Belvisi MG, Bottomley KM. the role of  matrix metallopro-
teinases (MMPs) in the pathophysiology of  chronic ob-
structive pulmonary disease (CoPd): A therapeutic role
for inhibitors of  MMPs? inflamm res 2003; 52: 95-100.

Berry MJ, rejeski WJ, Adair ne, Zaccaro d. exercise rehabil-
itation and chronic obstructive pulmonary disease stage.
Am J respir Crit Care Med 1999; 160: 1248-53.

Boudier C, Bieth JG. oxidized mucus proteinase inhibitor: A
fairly potent neutrophil elastase inhibitor. Biochem J
1994; 303: 61-8.

Brantly M, nukiwa t, Crystal rG. Molecular basis of  alpha-
1-antitrypsin deficiency. Am J Med 1998; 84: 13-31.

Bruch M, Bieth JG. influence of  elastin on the inhibition of
leuco cyte elastase by alpha 1-proteinase inhibitor and bron -
chial inhibitor. Potent inhibition of  elastin-bound elastase
by bronchial inhibitor. Biochem J 1986; 238: 269-73.

eUroPeAn JoUrnAL of MediCAL reSeArChnovember 4, 2010 31

S. I-X, 1-78_Layout 1  22.10.10  14:48  Seite 31



Burdon JGW, Knight Kr, Brenton S, Cook L. Antiproteinase
deficiency, emphysema and replacement therapy. Aust nZ
J Med 1996; 26: 769-71.

Burnett d, Abrahamson M, devalia JL, Sapsford rJ, davies
rJ, Buttle dJ. Synthesis and secretion of  procathepsin B
and cystatin C by human bronchial epithelial cells in vitro:
modulation of  cathepsin B activity by neutrophil elastase.
Arch Biochem Biophys 1995; 317: 305-10.

Campbell eJ, Campbell MA, Boukedes SS, owen CA. Quan-
tum proteolysis by neutrophils: implications for pul-
monary emphysema in alpha 1-antitrypsin deficiency. J
Clin invest 1999; 104: 337-44.

Campbell eJ, Senior rM, Welgus hG. extracellular matrix in-
jury during lung inflammation. Chest 1987; 92: 161-7.

Cao Z, henzel WJ, Gao X. irAK: A kinase associated with
the interleukin-1 receptor. Science 1996; 271: 1128-31.

Chang yP, Mahadeva r, Chang WS, Shukla A, dafforn tr,
Chu yh. identification of  a 4-mer peptide inhibitor that
effectively blocks the polymerization of  pathogenic Z al-
pha1-antitrypsin. Am J respir Cell Mol Biol 2006; 35:
540-8.

Chapman Kr, Mannino dM, Soriano JB, Vermeire PA, Buist
AS, thun MJ, Connell C, Jemal A, Lee tA, Miravitlles M,
Aldington S, Beasley r. epidemiology and costs of
chronic obstructive pulmonary disease. eur respir J 2006;
27: 188-207.

Chrystyn h, Mulley BA, Peake Md. dose response relation
to oral theophylline in severe chronic obstructive airways
disease. Br Med J 1988; 297: 1506-10.

Chung Kf. Cytokines in chronic obstructive pulmonary dis-
ease. eur respir J 2001; 34: 50s-9s.

Churg A, dai J, tai h, Xie C, Wright JL. tumor necrosis fac-
tor-alpha is central to acute cigarette smoke induced in-
flammation and connective tissue breakdown. Am J
respir Crit Care Med 2002; 166: 849-54.

Churg A, Wang rd, tai h, Wang X, Xie C, dai J, Shapiro Sd,
Wright JL. Macrophage metalloelastase mediates acute
cigarette smoke-induced inflammation via tumor necrosis
factor-alpha release. Am J respir Crit Care Med 2003a;
167: 1083-9.

Churg A, Wang rd, Xie C, Wright JL. Alpha-1-antitrypsin
ameliorates cigarette smoke-induced emphysema in the
mouse. Am J respir Crit Care Med 2003b; 168: 199-207.

Churg A, Wang rd, tai h, Wang X, Xie C, Wright JL. tumor
necrosis factor-alpha drives 70% of  cigarette smoke-in-
duced emphysema in the mouse. Am J respir Crit Care
Med 2004; 170: 492-8.

Churg A, Wang X, Wang rd, Meixner SC, Pryzdial eL,
Wright JL. Alpha 1-Antitrypsin suppresses tnf-alpha and
MMP-12 production by cigarette smoke-stimulated
macrophages. Am J respir Cell Mol Biol 2007; 37: 144-51.

Crystal rG. the alpha-1-antitrypsin gene and its deficiency
states. trends Genet 1989; 5: 411-7.

davies M, Barrett AJ, travis J, Sanders e, Coles GA. the
degradation of  human glomerular basement membrane
with purified lysosomal proteinases: evidence for the
pathogenic role of  the polymorphonuclear leucocyte in
glomerulonephritis. Clin Sci Mol Med 1978; 54: 233-40.

de Backer WA, Amsel B, Jorens PG, Bossaert L, hiemstra
PS, van noort P, van overveld fJ. n-Acetylcysteine pre-
treatment of  cardiac surgery patients influences plasma
neutrophil elastase and neutrophil influx in bronchoalve-
olar lavage fluid. intensive Care Med 1996; 22: 900-8.

de Serres fJ. Worldwide racial and ethnic distribution of  al-
pha1-antitrypsin deficiency: summary of  an analysis of
published genetic epidemiologic surveys. Chest 2002; 122:
1818-29.

decramer M, rutten-van Mölken M, dekhuijzen Pn, troost-
ers t, van herwaarden C, Pellegrino r, van Schayck CP,
olivieri d, del donno M, de Backer WA, Lankhorst i,
Ardia A. effects of n-acetylcysteine on outcomes in chron-

ic obstructive pulmonary disease (Bronchitis randomized
on nAC Cost-Utility Study, BronCUS): A randomised
placebo-controlled trial. Lancet 2005; 365: 1552-60.

demedts iK, Morel-Montero A, Lebecque S, Pacheco y,
Cataldo d, Joos Gf, Pauwels rA, Brusselle GG. elevated
MMP-12 protein levels in induced sputum from patients
with CoPd. thorax 2006; 61: 196-201.

eriksson S. Studies in alpha 1-antitrypsin deficiency. Acta-
Med Scand 1965; 432: 1-85.

fagerholm MK, Laurell CB. the polymorphism of  "prealbu-
mins" and alpha-1-antitrypsin in human sera. Clin Chim
Acta 1967; 16: 199-203.

finkelstein r, fraser rS, Ghezzo h, Cosio MG. Alveolar in-
flammation and its relation to emphysema in smokers.
Am J respir Crit Care Med 1995; 152: 1666-72.

finlay GA, o'driscoll Lr, russell KJ, d’Arcy eM, Master-
son JB, fitzgerald MX, o’Connor CM. Matrix metallo-
proteinase expression and production by alveolar
macrophages in emphysema. Am J respir Crit Care Med
1997; 156: 240-7.

fitch PM, roghanian A, howie SeM, Sallenave JM. human
neutrophil elastase inhibitors in innate and adaptive im-
munity. Biochem Soc trans 2006; 34: 279-82.

Gadek Je, fells GA, Wright dG, Crystal rG. human neu-
trophil elastase functions as a type iii collagen "collage-
nase". Biochem Biophys res Commun 1980; 95: 1815-22.

Ganrot Po. Variation of  the alpha-2-macroglobulin homo-
logue with age in some mammals. Scand J Clin Lab invest
1968; 21: 177-81.

Geraghty P, rogan MP, Greene CM, Boxio rM, Poiriert t,
o’Mahony M, Belaaouaj A, o’neill SJ, taggart CC,
Mcelvaney nG. neutrophil elastase up-regulates cathep-
sin B and matrix metalloprotease-2 expression. J im-
munol 2007; 178: 5871-8.

Gettins PG. Serpin structure, mechanism, and function.
Chem rev 2002; 102: 4751-804.

Gronski tJ, Jr., Martin rL, Kobayashi dK, Walsh BC, hol-
man MC, huber M, Van Wart he, Shapiro Sd. hydroly-
sis of  a broad spectrum of  extracellular matrix proteins
by human macrophage elastase. J Biol Chem 1997; 272:
12189-94.

Gross nJ, Petty tL, friedman M, Skorodin MS, Silvers GW,
donohue Jf. dose response to ipratropium as a nebu-
lized solution in patients with chronic obstructive pul-
monary disease. A three-center study. Am rev respir dis
1989; 140: 1188-91.

Gross P, Pfitzer eA, tolker e, Babyak MA, Kaschak M. ex-
perimental emphysema: its production with papain in nor-
mal and silicotic rats. Arch environ health 1965; 11: 50-8.

Guyatt Gh, Berman LB, townsend M, Pugsley So, Cham-
bers LW. A measure of  quality of  life for clinical trials in
chronic lung disease. thorax 1987; 42: 773-8.

halbert rJ, natoli JL, Gano A, Badamgarav e, Buist AS,
Mannino dM. Global burden of  CoPd: Systematic re-
view and meta-analysis. eur respir J 2006; 28: 523-32.

hautamaki rd, Kobayashi dK, Senior rM, Shapiro Sd. re-
quirement for macrophage elastase for cigarette smoke-
induced emphysema in mice. Science 1997; 277: 2002-4.

higgins BG, Powell rM, Cooper S, tattersfield Ae. effect of
salbutamol and ipratropium bromide on airway calibre
and bronchial reactivity in asthma and chronic bronchitis.
eur respir J 1991; 4: 415-20.

hill At, Bayley dL, Campbell eJ, hill SL, Stockley rA. Air-
ways inflammation in chronic bronchitis: the effects of
smoking and alpha-1-antitrypsin deficiency. eur respir J
2000; 15: 886-90.

hill At, Campbell eJ, Bayley dL, hill SL, Stockley rA. evi-
dence for excessive bronchial inflammation during an
acute exacerbation of  chronic obstructive pulmonary dis-
ease in patients with alpha-1-antitrypsin deficiency (PiZ).
Am J respir Crit Care Med 1999; 160: 1968-75.

eUroPeAn JoUrnAL of MediCAL reSeArCh32 november 4, 2010

S. I-X, 1-78_Layout 1  22.10.10  14:48  Seite 32



hoidal Jr. Genetics of  CoPd: Present and future. eur
respir J 2001; 18: 741-3.

hollander C, Westin U, Wallmark A, Piitulainen e, Sveger t,
Janciauskiene SM. Plasma levels of  alpha-1-antichy-
motrypsin and secretory leukocyte proteinase inhibitor in
healthy and chronic obstructive pulmonary disease
(CoPd) subjects with and without severe alpha-1-antit-
rypsin deficiency. BMC Pulm Med 2007; 7: 1.

imai K, dalal SS, Chen eS, downey r, Schulman LL, Gins-
burg M, d’Armiento J. human collagenase (matrix metal-
loproteinase-1) expression in the lungs of  patients with
emphysema. Am J respir Crit Care Med 2001; 163: 786-
91.

Janciauskiene SM, Larsson S, Larsson P, Virtala r, Jansson L,
Stevens t. inhibition of  lipopolysaccharide-mediated hu-
man monocyte activation, in vitro, by alpha-1-antitrypsin.
Biochem Biophys res Commun 2004; 321: 592-600.

Janciauskiene SM, nita iM, Stevens t. Alpha-1-antitrypsin,
old dog, new tricks. Alpha-1-antitrypsin exerts in vitro
anti-inflammatory activity in human monocytes by elevat-
ing cAMP. J Biol Chem 2007; 282: 8573-82.

Janoff  A, Sloan B, Weinbaum G, damiano V, Sandhaus rA,
elias J, Kimbel P. experimental emphysema induced with
purified human neutrophil elastase: tissue localization of
the instilled protease. Am rev respir dis 1977; 115: 461-
78.

Jeffery PK. remodeling in asthma and chronic obstructive
lung disease. Am J respir Crit Care Med 2001; 164: 28S-
38.

Kalsheker n, Morley S, Morgan K. Gene regulation of  the
serine proteinase inhibitors alpha-1-antitrypsin and alpha-
1-antichymotrypsin. Biochem Soc trans 2002; 30: 93-8.

Köhnlein t, Welte t. Alpha-1-antitrypsin deficiency: Patho-
genesis, clinical presentation, diagnosis, and treatment.
Am J Med 2008; 121: 3-9.

Kueppers f, Miller rd, Gordon h, hepper nG, offord KP.
familial prevalence of  chronic obstructive pulmonary
disease in a matched pair study. Am J Med 1977a; 63: 336-
42.

Kueppers f, Utz G, Simon B. Alpha1-antitrypsin deficiency
with M-like phenotype. J Med Genet 1977b; 14: 183-6.

Kusano K, Miyaura C, inada M, tamura t, ito A, nagase h,
Kamoi K, Suda t. regulation of  matrix metalloproteinas-
es (MMP-2, -3, -9, and -13) by interleukin-1 and inter-
leukin-6 in mouse calvaria: Association of  MMP induc-
tion with bone resorption. endocrinology 1998; 139:
1338-45.

Laurell CB, eriksson S. the electrophoretic alpha-1-globulin
pattern of  serum alpha-1-antitrypsin deficiency. Scand J
Clin Lab invest 1963; 15: 132-40.

Lowrey Ge, henderson n, Blakey Jd, Corne JM, Johnson
Sr. MMP-9 protein level does not reflect overall MMP
activity in the airways of  patients with CoPd. respir
Med 2008; 102: 845-51.

Luisetti M, Seersholm n. Alpha-1-antitrypsin deficiency. i:
epidemiology of  alpha-1-antitrypsin deficiency. thorax
2004; 59: 164-9.

Macnee W. Pathogenesis of  chronic obstructive pulmonary
disease. Clin Chest Med 2007; 28: 479-513.

McCawley LJ, Matrisian LM. Matrix metalloproteinases:
they're not just for matrix anymore. Curr opin Cell Biol
2001; 13: 534-40.

Mcdonald JA, Kelley dG. degradation of  fibronectin by hu-
man leukocyte elastase. release of  biologically active frag-
ments. J Biol Chem 1980; 255: 8848-58.

Mehran rJ, deslauriers J. indications for surgery and patient
work-up for bullectomy. Chest Surg Clin n Am 1995; 5:
717-34.

Molet S, Belleguic C, Lena h, Germain n, Bertrand CP,
Shapiro Sd, Planquois JM, delaval P, Lagente V.  in-
crease in macrophage elastase (MMP-12) in lungs from

patients with chronic obstructive pulmonary disease. in-
flamm res 2005; 54: 31-6.

Morrison hM, Kramps JA, Burnett d, Stockley rA. Lung
lavage fluid from patients with alpha-1-proteinase in-
hibitor deficiency or chronic obstructive bronchitis: Anti-
elastase function and cell profile. Clin Sci 1987; 72: 373-
81.

nadel JA. role of  mast cell and neutrophil proteases in air-
way secretion. Am rev respir dis 1991; 144: S48-S51.

nagasawa h, Sasaki h, Uto y, Kubo S, hori h. Association
of  the macrophage activating factor (MAf) precursor ac-
tivity with polymorphism in vitamin d-binding protein.
Anticancer res 2004; 24: 3361-6.

naunheim KS, Wood de, Mohsenifar Z, Sternberg AL,
Criner GJ, deCamp MM, deschamps CC, Martinez fJ,
Sciurba fC, tonascia J, fishman AP; national emphyse-
ma treatment trial research Group. Long-term follow-
up of  patients receiving lung-volume-reduction surgery
versus medical therapy for severe emphysema by the na-
tional emphysema treatment trial research Group. Ann
thorac Surg 2006; 82: 431-43.

ning W, Li CJ, Kaminski n, feghali-Bostwick CA, Alber SM,
di yP, otterbein SL, Song r, hayashi S, Zhou Z, Pinsky
dJ, Watkins SC, Pilewski JM, Sciurba fC, Peters dG,
hogg JC, Choi AM. Comprehensive gene expression pro-
files reveal pathways related to the pathogenesis of
chronic obstructive pulmonary disease. Proc natl Acad
Sci USA 2004; 41: 14895-900.

nita i, hollander C, Westin U, Janciauskiene SM. Prolastin, a
pharmaceutical preparation of  purified human alpha-1-
antitrypsin, blocks endotoxin-mediated cytokine release.
respir res 2005; 6: 12.

nocturnal oxygen therapy trial Group. Continuous or noc-
turnal oxygen therapy in hypoxemic chronic obstructive
lung disease: A clinical trial. Ann intern Med 1980; 93:
391-8.

ofulue Af, Ko M. effects of  depletion of  neutrophils or
macrophages on development of  cigarette smoke-in-
duced emphysema. Am J Physiol 1999; 277: L97-L105.

ohlsson K, tegner h. inhibition of  elastase from granulo-
cytes by the low molecular weight bronchial protease in-
hibitor. Scand J Clin Lab invest 1976; 36: 437-45.

ohnishi K, takagi M, Kurokawa y, Satomi S, Konttinen yt.
Matrix metalloproteinase-mediated extracellular matrix
protein degradation in human pulmonary emphysema.
Lab invest 1998; 78: 1077-87.

ongagna JC, Pinget M, Belcourt A. Vitamin d-binding pro-
tein gene polymorphism association with iA-2 autoanti-
bodies in type 1 diabetes. Clin Biochem 2005; 38: 415-9.

Pauwels rA, Buist AS, Calverley PMA, Jenkins Cr, hurd SS,
GoLd Scientific Committee. Global strategy for the di-
agnosis, management, and prevention of  chronic obstruc-
tive pulmonary disease: nhLBi Global initiative for
Chronic obstructive Lung disease (GoLd). Workshop
Summary. Am J respir Crit Care Med 2001; 163: 1256-76.

Petty tL. the national Mucolytic Study. results of  a ran-
domized, double-blind, placebo-controlled study of  iodi-
nated glycerol in chronic obstructive bronchitis. Chest
1990; 97: 75-83.

Poller W, Barth J, Voss B. detection of  an alteration of  the
alpha-2-macroglobulin gene in a patient with chronic lung
disease and serum alpha-2-macroglobulin deficiency.
hum Genet 1989; 83: 93-6.

Postma dS, Boezen hM. rationale for the dutch hypothesis.
Allergy and airway hyperresponsiveness as genetic factors
and their interaction with environment in the develop-
ment of  asthma and CoPd. Chest 2004; 126: 96S-104S.

report of  the Medical research Council Working Party. Long
term domiciliary oxygen therapy in chronic hypoxic cor
pulmonale complicating chronic bronchitis and emphyse-
ma. Lancet 1981; 1: 681-6.

eUroPeAn JoUrnAL of MediCAL reSeArChnovember 4, 2010 33

S. I-X, 1-78_Layout 1  22.10.10  14:48  Seite 33



november 4, 201034 eUroPeAn JoUrnAL of MediCAL reSeArCh

rogan MP, taggart CC, Greene CM, Murphy PG, o’neill SJ,
Mcelvaney nG. Loss of  microbicidal activity and in-
creased formation of  biofilm due to decreased lactoferrin
activity in patients with cystic fibrosis. J infect dis 2004;
190: 1245-53.

roughley PJ, Barrett AJ. the degradation of  cartilage proteo-
glycans by tissue proteinases. Proteoglycan structure and
its susceptibility to proteolysis. Biochem J 1977; 167: 629-
37.

russell re, Culpitt SV, de Matos C, donnelly L, Smith M,
Wiggins J, Barnes PJ. release and activity of  matrix met-
alloproteinase-9 and tissue inhibitor of  metallopro-
teinase-1 by alveolar macrophages from patients with
chronic obstructive pulmonary disease. Am J respir Cell
Mol Biol 2002; 26: 602-9.

Saetta M, di Stefano A, Maestrelli P, turato G, Mapp Ce,
Pieno M, Zanguochi G, del Prete G, fabbri LM. Airway
eosinophilia and expression of  interleukin-5 protein in
asthma and in exacerbation of  chronic bronchitis. Clin
exp Allergy 1996; 26: 766-74.

Saetta M, di Stefano A, Maestrelli P, turato G, ruggieri MP,
roggeri A, Calcagni P, Mapp Ce, Ciaccia A, fabbri LM.
Airway eosinophilia in chronic bronchitis during exacer-
bations. Am J respir Crit Care Med 1994; 150: 1646-52.

Saetta M, di Stefano A, turato G, facchini fM, Corbino L,
Mapp Ce, Maestrelli P, Ciaccia A, fabbri LM. Cd8+ t-
lymphocytes in peripheral airways of  smokers with
chronic obstructive pulmonary disease. Am J respir Crit
Care Med 1998; 157: 822-6.

Saetta M, turato G, Maestrelli P, Mapp Ce, fabbri LM. Cel-
lular and structural bases of  Chronic obstructive Pul-
monary disease. Am J respir Crit Care Med 2001; 163:
1304-9.

Sallenave JM, Shulmann J, Crossley J, Jordana M, Gauldie J.
regulation of  secretory leukocyte proteinase inhibitor
(SLPi) and elastase-specific inhibitor (eSi/elafin) in hu-
man airway epithelial cells by cytokines and neutrophilic
enzymes. Am J respir Cell Mol Biol 1994; 11: 733-41.

Sallenave JM, Si tahar M, Cox G, Chignard M, Gauldie J. Se-
cretory leukocyte proteinase inhibitor is a major leukocyte
elastase inhibitor in human neutrophils. J Leukoc Biol
1997; 61: 695-702.

Sampsonas f, Karkoulias K, Kaparianos A, Spiropoulos K.
Genetics of  chronic obstructive pulmonary disease, be-
yond alpha-1-antitrypsin deficiency. Curr Med Chem
2006; 13: 2857-73.

Sandford AJ, Joos L, Pare Pd. Genetic risk factors for chron-
ic obstructive pulmonary disease. Curr opin Pulm Med
2002; 8: 87-94.

Sandford AJ, Silverman eK. Chronic obstructive pulmonary
disease. i: Susceptibility factors for CoPd the genotype-
environment interaction. thorax 2002; 57: 736-41.

Senior rM, Bielefeld dr, Starcher BC. Comparison of  the
elastolytic effects of  human leukocyte elastase and
porcine pancreatic elastase. Biochem Biophys res Com-
mun 1976; 72: 1327-34.

Shamamian P, Schwartz Jd, Pocock BJ, Monea S, Whiting d,
Marcus SG, Mignatti P. Activation of  progelatinase A
(MMP-2) by neutrophil elastase, cathepsin G, and pro-
teinase-3: A role for inflammatory cells in tumor invasion
and angiogenesis. J Cell Physiol 2001; 189: 197-206.

Shapiro Sd. the macrophage in chronic obstructive pul-
monary disease. Am J respir Crit Care Med 1999; 160:
S29-S32.

Shapiro Sd. Animal models for chronic obstructive pul-
monary disease. Age of  klotho and marlboro mice. Am J
respir Cell Mol Biol 2000; 22: 4-7.

Shapiro Sd, Goldstein nM, houghton AM, Kobayashi dK,
Kelley d, Belaaouaj A. neutrophil elastase contributes to
cigarette smoke-induced emphysema in mice. Am J
Pathol 2003; 163: 2329-35.

Siafakas nM, tzortzaki eG. few smokers develop CoPd.
Why? respir Med 2002; 96: 615-24.

Sinha S, Watorek W, Karr S, Giles J, Bode W, travis J. Primary
structure of  human neutrophil elastase. Proc natl Acad
Sci USA 1987; 84: 2228-32.

Snider GL. Understanding inflammation in Chronic obstruc-
tive Pulmonary disease. Am J respir Crit Care Med 2003;
167: 1045-6.

Snider GL, Lucey eC, Christensen tG, Stone PJ, Calore Jd,
Catanese A, franzblau C. emphysema and bronchial se-
cretory cell metaplasia induced in hamsters by human
neutrophil products. Am rev respir dis 1984; 129: 155-
60.

Snider GL, Lucey eC, Stone PJ. Animal models of  emphyse-
ma. Am rev respir dis 1986; 133: 149-69.

Snider GL, Stone PJ, Lucey eC, Breuer r, Calore Jd, Se-
shadri t, Catanese A, Maschler r, Schnebli hP. eglin-c, a
polypeptide derived from the medicinal leech, prevents
human neutrophil elastase-induced emphysema and
bronchial secretory cell metaplasia in the hamster. Am
rev respir dis 1985; 132: 1155-61.

Sommerhoff  CP, nadel JA, Basbaum CB, Caughey Gh. neu-
trophil elastase and cathepsin G stimulate secretion from
cultured bovine airway gland serous cells. J Clin invest
1990; 85: 682-9.

Starkey PM, Barrett AJ, Burleigh MC. the degradation of  ar-
ticular collagen by neutrophil proteinases. Biochem Bio-
phys Acta 1977; 483: 386-97.

Steinberg J, fink G, Picone AL, Searles B, Schiller h, Lee
hM, nieman G. evidence of  increased matrix metallo-
proteinase-9 concentration in patients following car-
diopulmonary bypass. J extra Corpor technol 2001; 33:
218-22.

Stewart rJ, Marsden PA. Biologic control of  the tumor
necrosis factor and interleukin-1 signaling cascade. Am J
Kidney dis 1995; 25: 954-66.

Stockley rA. Proteolytic enzymes, their inhibitors and lung
diseases. Clin Sci 1983; 64: 119-26.

Stockley rA, Bayley dL, Unsal i, dowson LJ. the effect of
augmentation therapy on bronchial inflammation in al-
pha-1-antitrypsin deficiency. Am J respir Crit Care Med
2002; 165: 1494-8.

Stoller JK, Aboussouan LS. Alpha-1-antitrypsin deficiency.
Lancet 2005; 365: 2225-36.

taggart CC, Greene CM, Smith SG, Levine rL, McCray PB
Jr, o'neill S, Mcelvaney nG. inactivation of  beta-de-
fensins 2 and 3 by elastolytic cathepsins. J immunol 2003;
171: 931-7.

takahashi h, nukiwa t, Basset P, Crystal rG. Myelomono-
cytic cell lineage expression of  the neutrophil elastase
gene. J Biol Chem 1988; 263: 2543-7.

tegner h. Quantitation of  human granulocyte protease in-
hibitors in non-purulent bronchial lavage fluids. Acta
otolaryngol 1978; 85: 282-9.

tetley td. Proteinase imbalance: its role in lung disease.
thorax 1993; 48: 560-5.

the CoMBiVent inhalation Solution Study Group. rou-
tine nebulized ipratropium and albuterol together are bet-
ter than either alone in CoPd. Chest 1997; 112: 1514-21.

tunstall AM, Merriman JM, Milne i, James K. normal and
pathological serum levels of  alpha 2-macroglobulins in
men and mice. J Clin Pathol 1975; 28: 133-9.

van overveld fJ, demkow UA, Gorecka d, de Backer WA,
Zielinski J. new developments in the treatment of
CoPd: comparing the effects of  inhaled corticosteroids
and n-acetylcysteine. J Physiol Pharmacol 2005; 56: 135-
42.

Vathenen AS, Britton Jr, ebden P, Cookson JB, Wharrad hJ,
tattersfield Ae. high-dose inhaled albuterol in severe
chronic airflow limitation. Am rev respir dis 1988; 138:
850-5.

S. I-X, 1-78_Layout 1  22.10.10  14:48  Seite 34



Vignola AM, Bonanno A, Mirabella A, riccobono L,
Mirabella f, Profita M, Bellia V, Bousquet J, Bonsignore
G. increased levels of  elastase and alpha-1-antitrypsin in
sputum of  asthmatic patients. Am J respir Crit Care Med
1998; 157: 505-11.

Vogelmeier C, hubbard rC, fells GA, Schnebli hP, thomp-
son rC, fritz h, Crystal rG. Anti-neutrophil elastase de-
fense of  the normal human respiratory epithelial surface
provided by the secretory leukoprotease inhibitor. J Clin
invest 1991; 87: 482-8.

Williams Se, Brown ti, roghanian A, Sallenave JM. SLPi
and elafin: one glove, many fingers. Clin Sci 2006; 110:
21-35.

Witko-Sarsat V, halbwachs-Mecarelli L, Schuster A, nus-
baum P, Ueki i, Canteloup S, Lenoir G, descamps-
Latscha B, nadel JA. Proteinase-3, a potent secretagogue
in airways, is present in cystic fibrosis sputum. Am J
respir Cell Mol Biol 1999; 20: 729-36.

Wright JL, Churg A. Current concepts in mechanisms of  em-
physema. toxicol Pathol 2007; 35: 111-5.

yoshida t, tuder rM. Pathobiology of  cigarette smoke-in-
duced chronic obstructive pulmonary disease. Physiol rev
2007; 87: 1047-82.

Zhang J, Kew rr. identification of  a region in the vitamin
d-binding protein that mediates its C5a chemotactic co-
factor function.  J Biol Chem 2004; 279: 53282-7.

Zheng t, Zhu Z, Wang Z, homer rJ, Ma B, riese rJ Jr,
Chapman hA Jr, Shapiro Sd, elias JA. inducible target-
ing of  iL-13 to the adult lung causes matrix metallopro-
teinase- and cathepsin-dependent emphysema. J Clin in-
vest 2000; 106: 1081-93.

Address for cor respondence:
frans J. van overveld
4Clinics
drève richelle 161, bât. G
B-1410 Waterloo
Belgium
Phone: +32-488-822-224
frans.vanoverveld@telenet.be 

Urszula demkow
dept. Lab. diagn. & Clin. immunol.
Warsaw Medical University
24, Marszalkowska St.
00-576 Warsaw
Poland
Phone: +48-50-1588782
urszula.demkow@litewska.edu.pl

35november 4, 2010 eUroPeAn JoUrnAL of MediCAL reSeArCh

S. I-X, 1-78_Layout 1  22.10.10  14:48  Seite 35




