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Macrophage elastase (MMP-12): a pro-inflammatory mediator?
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As many metalloproteinases (MMPs), macrophage elastase (MMP-12) is able to degrade extracellular matrix
components such as elastin and is involved in tissue remodeling processes. Studies using animal models of acute and
chronic pulmonary inflammatory diseases, such as pulmonary fibrosis and chronic obstrutive pulmonary disease
(COPD), have given evidences that MMP-12 is an important mediator of the pathogenesis of these diseases. How-
ever, as very few data regarding the direct involvement of MMP-12 in inflammatory process in the airways were
available, we have instilled a recombinant form of human MMP-12 (rhMMP-12) in mouse airways.

Hence, we have demonstrated that this instillation induced a severe inflammatory cell recruitment characterized
by an early accumulation of neutrophils correlated with an increase in proinflammatory cytokines and in gelatinases
and then by a relatively stable recruitment of macrophages in the lungs over a period of ten days. Another recent
study suggests that resident alveolar macrophages and recruited neutrophils are not involved in the delayed
macrophage recruitment. However, epithelial cells could be one of the main targets of rhMMP-12 in our model. We
have also reported that a corticoid, dexamethasone, phosphodiesterase 4 inhibitor, rolipram and a non-selective
MMP inhibitor, marimastat could reverse some of these inflammatory events. These data indicate that our rhMMP-
12 model could mimic some of the inflammatory features observed in COPD patients and could be used for the
pharmacological evaluation of new anti-inflammatory treatment.

In this review, data demonstrating the involvement of MMP-12 in the pathogenesis of pulmonary fibrosis and
COPD as well as our data showing a pro-inflammatory role for MMP-12 in mouse airways will be summarized.
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Chronic obstructive pulmonary disease (COPD) is one
of the major causes of mortality and morbidity across the
world and its prevalence is still increasing (Pauwels 2000,
Petty 2000). The major triggering factor is cigarette smok-
ing, which accounts for 80-90% of the COPD cases. How-
ever, in the population of smokers, only 15% of the sub-
jects develop chronic airflow limitation (Saetta 1999).

COPD is characterized by the presence of a partially
reversible airflow obstruction. This pathology is also as-
sociated with an airway inflammatory process character-
ized by an accumulation of inflammatory cells such as
macrophages and neutrophils. Indeed, it has been shown
that cigarette smoke consistently produces an increase in
the neutrophil number in bronchoalveaolar lavage fluid
and in tissue (Ludwig et al. 1985, Eidelman et al. 1990,
Finkelstein et al. 1995). Macrophage numbers are also el-
evated in the lungs of smokers and patients with COPD
where they accumulate in the alveoli, bronchioli and small
airways. Furthermore, there is a positive correlation be-
tween macrophage number in the alveolar walls and the
mild-to-moderate emphysema status in patients with
COPD (Tetley  2002). It is generally believed that the de-
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velopment of emphysema reflects a relative excess of cell-
derived proteases that degrade the connective tissue of
the lung and a relative paucity of antiproteolytic defenses.
This theory is often referred to as the “protease-
antiprotease imbalance” hypothesis and involves mainly
serine proteases like neutrophil elastase and matrix
metalloproteinases (MMPs).

MMPs is a family of structurally related extracellular
matrix (ECM)-degrading enzymes that are collectively ca-
pable of degrading essentially all ECM components and
that can further be subdivided in collagenases (MMP-1, -
8, -13), gelatinases (MMP-2, -9), stromelysins (MMP-3, -
10,  -11), matrilysin (MMP-7), macrophage metalloelastase
(MMP-12),membrane-type MMPs (MMP-14, -15, -16, -17)
and other MMPs (Shapiro 1998).

Among MMPs, MMP-12 is a 54 kDa proenzyme that
is processed into a 45 kDa and then a 22 kDa active forms.
The human gene, which is designated human macroph-
age metalloelastase, produces a 1.8-kb transcript encod-
ing a 470-amino acid protein that is 64% identical to the
mouse protein. Both the mRNA and protein were detected
in alveolar macrophages. As in the mouse, the predicted
human 54-kD protein is processed by loss of both N- and
C-terminal residues to a 22-kD mature form (Shapiro et al.
1993).

MMP-12 is mainly produced by macrophages and has
been shown to be associated with inflammatory skin dis-
eases (Saarialho-Kere et al. 1999, Vaalamo et al. 1999,
Suomela et al. 2001), atherosclerosis (Matsumoto et al.
1998), aneurysms (Curci et al. 1998) and cancers (Cornelius
et al. 1998, Kerkela et al. 2000, 2001). MMP-12 seems also
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to be clearly involved in acute and chronic pulmonary
inflammatory diseases associated with an intense airway
remodeling such as COPD. Indeed, it has been suggested
that MMP-12 gene polymorphism may account for this
disease variability and is one of the causative factors in
smoking related injury (Belvisi et al. 2003).

 The aim of this review is to summarize data exploring
the role of MMP-12 in inflammatory pulmonary diseases
and to delineate its involvement in the tissue remodeling
process and in the inflammatory events observed in COPD.
MMP-12 and inflammatory pulmonary diseases

The involvement of MMP-12 in inflammatory pulmo-
nary diseases has been mainly studied using animal mod-
els. It appears that this metalloelastase could be an impor-
tant mediator in the pathogenesis of acute lung injury
and chronic lung injury.

Pulmonary fibrosis corresponds to the end stage of
acute lung injury. The administration of bleomycin in ro-
dent airways causes similar inflammatory and fibrotic re-
sponses observed in patients with pulmonary fibrosis.
During the acute phase of this bleomycin-induced injury,
a significant activation of MMP-12 has been observed in
mice and rats (Koslowski et al. 1998, Swiderski et al. 1998).
It has also been shown that proMMP-12 is converted in
its active form early after bleomycin treatment during the
peak time of macrophage levels and is associated only
with areas of hemorrhage (Swaisgood et al. 2000). In an
immune complex-induced acute lung injury model using
mice containing a target disruption of the MMP-12 gene
(MMP-12 KO mice), neutrophil influx into the alveolar
space and lung permeability in KO mice has been reduced
by 50% of that observed in wild-type littermates. These
results has been correlated with histological evidence of
reduced injury in the MMP-12 KO mice (Warner et al.
2001).

In addition, MMP-12 seems to play a predominant role
in the pathogenesis of chronic lung injury and particu-
larly in emphysema. Indeed, MMP-12 is able to degrade
different substrates among which elastin (Gronski et al.
1997). Elastin represents about 2.5% (wt/wt) of the dry
weight of the lung and is distributed widely throughout
the lungs (Starcher 1986). This protein is vital for the elas-
tic recoil of the small airways and their ability to resist
negative pressure collapse. In emphysema, elastin con-
tent of the lung parenchyma is decreased (Wright 1995)
and ultrastructurally, elastic fibers are disorganized and
probably nonfunctional (Shapiro 2000). Moreover, elastin
degradation products, such as desmosine, are increased
in the urine of subjects with COPD (Stone et al. 1995) and
correlate with the rate of lung function decline (Gottlieb
et al. 1996). In vitro studies on alveolar macrophages col-
lected from COPD patients have shown their ability to
degrade more elastin than macrophages collected from
healthy volunteers (Russell et al. 2002). Using immunocy-
tochemistry, we have previously observed MMP-12-posi-
tive macrophages in both COPD and control samples.
However, the number of MMP-12 expressing-macroph-
ages together with the staining intensity was higher in
bronchoalveolar lavage (BAL) samples from COPD pa-
tients than in controls subjects. Similar results were noted

in bronchial biopsies with higher MMP-12 expression in
COPD subjects than in controls. Enhanced MMP-12 ac-
tivity was also shown in BAL fluids from patient with
COPD in comparison with control subjects. This study
demonstrated that COPD patients produce greater quan-
tities of MMP-12 than controls, which may be a critical
step in the pathogenesis of COPD and emphysema (Molet
et al. 2004).

Studies using MMP-12 KO mice have demonstrated
that macrophage recruitment in lungs and emphysema
induced by long-term exposure to cigarette smoke were
linked to MMP-12 (Hautamaki et al. 1997). MMP-12 KO
mice were subjected to cigarette smoke over a 6 months
period. In contrast to wild-type mice, MMP-12 KO mice
did not have increased numbers of macrophages in their
lungs and did not develop emphysema. The monthly in-
tratracheal instillation of monocyte chemoattractant pro-
tein (MCP)-1 in the lungs of MMP-12 smoke-exposed KO
mice caused an increase in macrophage recruitment. How-
ever, despite the presence of the macrophages, these
MMP-12 KO mice did not develop air space enlargement
in response to smoke exposure. These data suggest that
MMP-12 is probably sufficient for the development of
emphysema that results from chronic inhalation of ciga-
rette smoke (Hautamaki et al. 1997). The macrophage re-
cruitment observed in response to cigarette smoke could
be linked to the elastolytic properties of MMP-12. Indeed,
MMP-12 generates elastin-derived peptides and experi-
ments realized in modified Boyden chambers have shown
that these elastin-derived peptides are chemotactic for
monocytes (Senior et al. 1980). In a more recent study, it
was reported that inflammatory lesions in the lungs of
mice contained significantly more MMP-12 in macroph-
ages at 10, 20, and 30 days of cigarette smoke exposure
than in controls of mice exposed to 60 days (Valença et al.
2004). These results suggest that elastin degradation took
place during development of pulmonary change in mice
exposed to cigarette smoke and activation of MMPs spe-
cific to elastin may be a determining factor for susceptibil-
ity to emphysema (Valença et al. 2004).

Through a global analysis of pulmonary gene expres-
sion in the lungs of mice lacking integrin beta-6, using
oligonucleotide arrays, Kaminski et al. (2000), have identi-
fied a marked induction of MMP-12. More recently, Mor-
ris et al. (2003) have demonstrated that Itgb6-null mice
develop age-related emphysema that is completely abro-
gated either by transgenic expression of the beta-6 integrin
sub-unit that supports TGF-β activation, or by loss of
MMP-12. Furthermore, this study has showed that the
effects of Itgb6 deletion are overcome by simultaneous
transgenic expression of active TGF-β1. This suggests
that the loss of integrin-mediated activation of latent TGF-
β causes age-dependent pulmonary emphysema through
alterations of macrophage MMP-12 expression. Finally, a
functional alteration in the TGF-β activation pathway af-
fects the susceptibility to this disease.

 In an acute model of smoke exposure, neutrophils,
desmosine and hydroxyproline, markers for elastin and
collagen breakdown respectively, were examined in BAL
fluids of MMP-12 KO mice and wild-type mice at 24 h
after smoke exposure. None of these markers could be
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detected in MMP-12 KO mice, suggesting that acute
smoke-induced connective tissue breakdown, the initial
step to emphysema, requires both neutrophils and MMP-
12 and that the neutrophil influx is dependant on the pres-
ence of MMP-12 (Churg et al. 2002). In the same model,
compared to wild-type littermates, MMP-12 KO mice
showed impaired TNF-α release after acute smoke expo-
sure. Levels of E-selectine, a specific marker of endothe-
lial activation, were increased in wild-type mice but not in
MMP-12 KO mice after smoke exposure. Taken together,
these data indicate that MMP-12 could mediate smoke-
induced inflammation by releasing TNF-α from macroph-
ages, with subsequent endothelial activation, neutrophil
influx and proteolytic matrix breakdown (Churg et al. 2003).

The cross-talk between neutrophils and macrophages
and the relative involvement of neutrophil elastase and
MMP-12 were clarified in a long-term smoke exposure
model. After 6 months of smoke exposure, mice that were
deficient for neutrophil elastase (NE KO mice) were sig-
nificantly protected from the development of emphysema
and MMP-12 KO mice were totally protected, suggesting
a significant role of these proteases in the development
of emphysema in mice. Moreover interactions between
the neutrophil elastase and the MMP-12 proteolytic sys-
tems were observed, with each augmenting the other’s
destructive capacity. Indeed, MMP-12 may degrade the
serine protease inhibitor α1-antitrypsine and neutrophil
elastase may degrade the tissue inhibitor of MMP, (TIMP)-
1. Neutrophil elastase may also be required for the pro-
teolytic activation of pro-MMP-12. The absence of neu-
trophil elastase had dramatic effects on both neutrophil
and macrophage accumulation in the lungs in response
to cigarette smoke. MMP-12 KO mice had also reduced
monocyte recruitment following smoke exposure. Hence,
the protection from emphysema in smoke-exposed NE KO
mice could be linked to a decrease in the level of active
MMP-12 because of the requirement of neutrophil elastase
for macrophage accumulation in the lungs and because
of the activation of proMMP-12 by this serine protease
(Shapiro et al.  2003).

It has been hypothesized that some of the mediators
involved in the inflammatory process observed in emphy-
sematous tissues could directly induce emphysema. In-
terferon (IFN)-γ has been one of those candidates. In-
deed, CD8+ lymphocytes infiltration is a prominent fea-
ture of inflammation observed in COPD patients and these
cells are known to produce IFN-γ. In transgenic mice that
overexpress IFN-γ, a phenotype that mimics human em-
physema can be observed. In this model, the IFN-γ
overexpression induced an increase in macrophage, lym-
phocyte and neutrophil numbers in BAL fluids and in
lungs. Moreover, IFN-γ shifted the pulmonary protease/
antiprotease balance in a proteolytic direction via the in-
duction of MMP-12 and a variety of cathepsins. These
observations suggest that cigarette smoke may induce
MMP-12 via the induction of IFN-γ (Wang et al. 2000).

Transgenic mice that overexpress the interleukin (IL)-
13 mimic some of the features observed in COPD patients.
They develop a neutrophil, eosinophil, and macrophage
cell-rich lung inflammation associated with MMPs and
cathepsins induction, alveolar enlargement and enhanced

pulmonary compliance (Zhu et al. 1999, Zheng et al. 2000).
It has been demonstrated that IL-13 overexpression in-
duces all these events via a MMP-9 and MMP-12 depen-
dant mechanism. The induction of MMPs-2, -9,-13 , -14
induced by IL-13 is mediated, in part, by a MMP-12 de-
pendant pathway and MMP-12 makes a crucial contribu-
tion to the accumulation of eosinophils and macrophages
(Lanone et al. 2002).

Hence, taken together, these data show clearly that
MMP-12 play a pivotal role in the tissue remodeling pro-
cess in pulmonary inflammatory diseases. Despite evi-
dences concerning its ability to generate a chemotactic
signal for inflammatory cells such as monocytes/macroph-
ages, very few data regarding the inflammatory potential
of MMP-12 are available. In their study, Churg et al. (2003)
have suggested that macrophages could be one of the
target for MMP-12, that could release TNF-α from mac-
rophages and initiate a cascade of inflammatory process.
The direct involvement of MMP-12 in the development of
the inflammatory process in the airways has also been
explored in recent studies.
Proinflammatory properties of MMP-12

The direct effect of MMP-12 in the development of
inflammatory process in mouse airways has been evalu-
ated using a recombinant form of human MMP-12 (rhMMP-
12). A single instillation of rhMMP-12 in mouse airways
elicited an intense inflammatory response characterized
by the development of two successive phases. Indeed,
rhMMP-12 induced an acute, severe and specific recruit-
ment of neutrophils reaching a peak at 18 h. The number
of macrophages remained stable throughout this period
(Fig. 1) (Nénan et al. 2004a). The recruitment of neutro-
phils was associated with a very transient increase in
cytokine and chemokine levels (TNF-α, MIP-1α, MCP-1,
IL-6, and KC) in BAL fluids and in lung homogenate su-
pernatants. An increase in gelatinase (MMP-2 and MMP-
9) activities in BAL fluid during the early phase was also
observed. This increase in inflammatory mediators was
transient during the first 24 h with a maximum of activity
between 4 and 8h. Then, a delayed phase, from day 4 to

Fig. 1: time course of inflammatory cell recruitment (neutrophils
and macrophages) in bronchoalveolar lavage fluid of mice instilled
with rhMMP-12 (8x10-3U/mouse) during the early phase (4 h and
18 h) and during the late phase (day 7). Results are expressed as the
number of cells (mean ± SD). P-values less than 5% are considered
significant (# total cells; * neutrophils, $ macrophages). N = 5 to 8
animals per group.
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day 15 post instillation, was observed with a significant
and specific macrophage influx, stable over a period of 10
days without any other studied inflammatory signals.

The role played respectively by resident alveolar mac-
rophages, by recruited neutrophils and by epithelial cells
in the delayed recruitment of macrophages induced by
rhMMP-12 was investigated (Nénan et al. 2004b). Mice
depleted of circulating neutrophils, using a cytotoxic an-
tibody, did not present any increase in neutrophil num-
bers in BAL  fluids, 4 and 24 h after rhMMP-12 instilla-
tion. However, the macrophage recruitment was not modi-
fied as compared to control mice at day 7. Similar results
were obtained when the gene for neutrophil elastase was
knocked out in mice. Intranasal instillation of clodronate
liposomes, 72 h  prior to rhMMP-12 instillation, induced
macrophage depletion. This treatment did not modify the
macrophage recruitment at day 7. Moreover, the stimula-
tion of mouse macrophages by rhMMP-12 in vitro did not
elicit the release of cytokines in culture supernatants. In
contrast, the in vitro stimulation of A549 epithelial cells
induced the release of IL-8 (Nénan et al. 2004b). These
results suggest that resident alveolar macrophages and
recruited neutrophils do not play a role in the delayed
macrophage recruitment induced by rhMMP-12. However,
epithelial cells could be the initial target for rhMMP-12
leading to the inflammatory process observed in our model.
Pharmacological modulation of rhMMP-12-induced
inflammation

As lung inflammation induced by rhMMP-12 instilla-
tion in mouse airways partially mimics some of the COPD

features, drugs with a potential efficacy in COPD were
tested in this model (Nénan et al. 2004a). Hence the profile
of activity of two classes of anti-inflammatory agent, the
corticosteroid, dexamethasone, and the selective PDE4
inhibitor, rolipram, was determined. A non-specific MMP
inhibitor, marimastat, was also tested on neutrophil influx
associated with cytokine release and increase in MMP-9
activity and on the delayed macrophage recruitment.

Marimastat (100 mg/kg), dexamethasone (10 mg/kg),
and rolipram (0.1 and 0.3 mg/kg), administered orally 1 h
before rhMMP-12 instillation, were able to significantly
decrease neutrophil recruitment at 4 and 24 h. Only
marimastat (30 and 100 mg/kg) was effective on the mac-
rophage recruitment at day 7. In BAL fluids, marimastat
(100 mg/kg), dexamethasone (10 mg/kg) and rolipram (0.3
mg/kg) significantly decreased IL-6, KC (IL-8), macroph-
age inflammatory protein (MIP)-1α and MMP-9 levels.
Similar results were observed in lung homogenates ex-
cept for rolipram, which was ineffective.

Hence, a corticosteroid, a PDE4 inhibitor and a non-
selective MMP inhibitor were able to reverse some of
these inflammatory events. Taken together, these data
indicate that this MMP-12-induced inflammatory model
could highlight some of the inflammatory response seen
in COPD and could be used for the pharmacological evalu-
ation of new anti-inflammatory mechanism of action.
Concluding remarks

The underlying mechanisms of emphysema include
inflammatory and remodeling processes in the airways.
Because of its ability to induce an inflammatory response

Fig. 2: proinflammatory properties of matrix metalloproteinases-12 (MMP-12).
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and tissue remodeling, it may be possible to consider
MMP-12 as an essential component of the process lead-
ing to the development of the disease (Fig. 2). Hence,
MMP-12 could be pivotal in the two main hypotheses
that are proposed to explain the pathological process of
COPD i.e. the “elastase/antielastase imbalance” theory
and the “inflammation/repair” theory. Moreover, as sev-
eral drugs with a potential efficacy in COPD were able to
reverse some of the inflammatory events induced by
MMP-12, these observations emphasize that MMP-12
could be considered as a potential target in the COPD
treatment.

REFERENCES

Belvisi MG, Bottomley KM 2003. The role of matrix
metalloproteinases (MMPs) in the pathophysiology of
chronic obstructive pulmonary disease (COPD): a thera-
peutic role for inhibitors of MMPs? Inflamm Res 52: 95-
100.

Churg A, Wang RD, Tai H, Wang X, Xie C, Dai J, Shapiro SD,
Wright JL 2003. Macrophage metalloelastase mediates acute
cigarette smoke-induced inflammation via tumor necrosis
factor-alpha release. Am J Respir Crit Care Med 167: 1083-
1089.

Churg A, Zay K, Shay S, Xie C, Shapiro SD, Hendricks R,
Wright JL 2002. Acute cigarette smoke-induced connective
tissue breakdown requires both neutrophils and macroph-
age metalloelastase in mice. Am J Respir Cell Mol Biol 27:
368-374.

Cornelius LA, Nehring LC, Harding E, Bolanowski M, Welgus
HG, Kobayashi DK, Pierce RA, Shapiro SD 1998. Matrix
metalloproteinases generate angiostatin: effects on
neovascularization. J Immunol 161: 6845-6852.

Curci JA, Liao S, Huffman MD, Shapiro SD, Thompson RW
1998. Expression and localization of macrophage elastase
(matrix metalloproteinase-12) in abdominal aortic aneu-
rysms. J Clin Invest 102: 1900-1910.

Eidelman D, Saetta MP, Ghezzo H, Wang NS, Hoidal JR, King
M, Cosio MG 1990. Cellularity of the alveolar walls in
smokers and its relation to alveolar destruction. Functional
implications. Am Rev Respir Dis 141: 1547-1552.

Finkelstein R, Fraser RS, Ghezzo H, Cosio MG 1995. Alveolar
inflammation and its relation to emphysema in smokers.
Am J Respir Crit Care Med 152: 1666-1672.

Gottlieb DJ, Stone PJ, Sparrow D, Gale ME, Weiss ST, Snider
GL, O’Connor GT 1996. Urinary desmosine excretion in
smokers with and without rapid decline of lung function:
the Normative Aging Study. Am J Respir Crit Care Med
154: 1290-1295.

Gronski Jr TJ, Martin RL, Kobayashi DK, Walsh BC, Holman
MC, Huber M, Van Wart HE, Shapiro SD 1997. Hydroly-
sis of a broad spectrum of extracellular matrix proteins by
human macrophage elastase. J Biol Chem 272: 12189-12194.

Hautamaki RD, Kobayashi DK, Senior RM, Shapiro SD 1997.
Requirement for macrophage elastase for cigarette smoke-
induced emphysema in mice. Science 277: 2002-2004.

Kaminski N, Allard JD, Pittet JF, Zuo F, Griffiths MJ, Morris
D, Huang X, Sheppard D,  Heller RA 2000. Global analysis
of gene expression in pulmonary fibrosis reveals distinct
programs regulating lung inflammation and fibrosis. Proc

Natl Acad Sci USA 97: 1778-1783.

Kerkela E, Ala-Aho R, Jeskanen L, Rechardt O, Grenman R,
Shapiro SD, Kahari VM,  Saarialho-Kere U 2000. Expres-
sion of human macrophage metalloelastase (MMP-12) by
tumor cells in skin cancer. J Invest Dermatol 114: 1113-
1119.

Kerkela E, Bohling T, Herva R, Uria JA, Saarialho-Kere U 2001.
Human macrophage metalloelastase (MMP-12) expression
is induced in chondrocytes during fetal development and
malignant transformation. Bone 29: 487-493.

Koslowski R, Knoch KP, Wenzel KW 1998. Proteinases and
proteinase inhibitors during the development of pulmonary
fibrosis in rat. Clin Chim Acta 271: 45-56.

Lanone S, Zheng T, Zhu Z, Liu W, Lee CG, Ma B, Chen Q,
Homer RJ, Wang J, Rabach LA, Rabach ME, Shipley JM,
Shapiro SD, Senior RM, Elias JA 2002. Overlapping and
enzyme-specific contributions of matrix metalloproteinases-
9 and -12 in IL-13-induced inflammation and remodeling.
 J Clin Invest 110: 463-474.

Ludwig PW, Schwartz BA, Hoidal JR, Niewoehner DE 1985.
Cigarette smoking causes accumulation of polymorpho-
nuclear leukocytes in alveolar septum. Am Rev Respir Dis
131: 828-830.

Matsumoto S, Kobayashi T, Katoh M, Saito S, Ikeda Y, Kobori
M, Masuho Y, Watanabe T 1998. Expression and localiza-
tion of matrix metalloproteinase-12 in the aorta of choles-
terol-fed rabbits: relationship to lesion development. Am J
Pathol 153: 109-119.

Morris DG, Huang X, Kaminski N, Wang Y, Shapiro SD,
Dolganov G, Glick A, Sheppard D 2003. Loss of integrin
alpha(v)beta6-mediated TGF-beta activation causes
Mmp12-dependent emphysema. Nature 422: 169-173.

Molet S, Belleguic C, Léna H, Germain N, Bertrand CP, Shapiro
SD, Planquois JM, Delaval P, Lagente V 2004. Increase in
macrophage elastase (MMP-12) in lungs from patients with
chronic obstructive pulmonary disease. Inflamm Res, in
press.

Nénan S, Planquois JM, Hitier S, Berna P, Boichot E, Lagente
V, Bertrand CP 2004a. Modulation of MMP-12-induced
pulmonry inflammation in mice by rolipram, dexametha-
sone and marimastat. Fund Clin Pharmacol 18 (Supl. 1):
109.

Nénan S, Planquois JM, Hitier S, Berna P, Boichot E, Lagente
V, Bertrand CP 2004b. Involvement of epithelial cells, neu-
trophils and macrophages in the inflammatory response
induced by rhMMP-12 instillation in mouse airways. An
International Symposium on NO, Cytokines and Inflam-
mation, Rio de Janeiro, Brasil, June 2004.

Pauwels R 2000. COPD: the scope of the problem in Europe.
Chest 117: 332S-335S.

Petty TL 2000. Scope of the COPD problem in North America:
early studies of prevalence and NHANES III data: basis for
early identification and intervention. Chest 117: 326S-331S.

Russell RE, Thorley A, Culpitt SV, Dodd S, Donnelly LE,
Demattos C, Fitzgerald M, Barnes PJ 2002. Alveolar mac-
rophage-mediated elastolysis: roles of matrix
metalloproteinases, cysteine, and serine proteases. Am J
Physiol Lung Cell Mol Physiol 283: L867-L873.

Saarialho-Kere U, Kerkela E, Jeskanen L, Hasan T, Pierce R,



172172172172172 Macrophage elastase  • Soazig Nénan et al.

Starcher B, Raudasoja R, Ranki A, Oikarinen A, Vaalamo M
1999. Accumulation of matrilysin (MMP-7) and macroph-
age metalloelastase (MMP-12) in actinic damage. J Invest
Dermatol 113: 664-672.

Saetta M 1999. Airway inflammation in chronic obstructive
pulmonary disease. Am J Respir Crit Care Med 160: S17-
S20.

Senior RM, Griffin GL, Mecham RP 1980. Chemotactic activ-
ity of elastin-derived peptides. J Clin Invest 66: 859-862.

Shapiro SD 1998. Matrix metalloproteinase degradation of ex-
tracellular matrix: biological consequences. Curr Opin Cell
Biol 10: 602-608.

Shapiro SD 2000. Evolving concepts in the pathogenesis of
chronic obstructive pulmonary disease. Clin Chest Med 21:
621-632.

Shapiro SD, Kobayashi DK, Ley TJ 1993. Cloning and charac-
terization of a unique elastolytic metalloproteinase pro-
duced by human alveolar macrophages. J Biol Chem 268:
23824-23829.

Shapiro SD, Goldstein NM, Houghton AM, Kobayashi DK,
Kelley D, Belaaouaj A 2003. Neutrophil elastase contrib-
utes to cigarette smoke-induced emphysema in mice. Am J
Pathol 163: 2329-2335.

Starcher BC 1986. Elastin and the lung. Thorax 41: 577-585.

Stone PJ, Gottlieb DJ, O’Connor GT, Ciccolella DE, Breuer R,
Bryan-Rhadfi J, Shaw HA, Franzblau C, Snider GL 1995.
Elastin and collagen degradation products in urine of smok-
ers with and without chronic obstructive pulmonary dis-
ease. Am J Respir Crit Care Med 151: 952-959.

Suomela S, Kariniemi AL, Snellman E, Saarialho-Kere U 2001.
Metalloelastase (MMP-12) and 92-kDa gelatinase (MMP-
9) as well as their inhibitors, TIMP-1 and -3, are expressed
in psoriatic lesions. Exp Dermatol 10: 175-183.

Swaisgood CM, French EL, Noga C, Simon RH, Ploplis VA
2000. The development of bleomycin-induced pulmonary

fibrosis in mice deficient for components of the fibrinolytic
system. Am J Pathol 157: 177-187.

Swiderski RE, Dencoff JE, Floerchinger CS, Shapiro SD,
Hunninghake GW 1998. Differential expression of extracel-
lular matrix remodeling genes in a murine model of
bleomycin-induced pulmonary fibrosis. Am J Pathol 152:
821-828.

Tetley TD 2002. Macrophages and the pathogenesis of COPD.
Chest 121: 156S-159S.

Vaalamo M, Kariniemi AL, Shapiro SD, Saarialho-Kere U 1999.
Enhanced expression of human metalloelastase (MMP-12)
in cutaneous granulomas and macrophage migration. J
Invest Dermatol 112: 499-505.

Valença SS, Da Hora K, Castro P, Gonçalves de Moraes V,
Carvalho L, Moraes Sobrino Porto LC 2004. Emphysema
and metalloelastase expression in mouse lung induced by
cigarette smoke. Tox Pathol 32: 351-356.

Wang Z, Zheng T, Zhu Z, Homer RJ, Riese RJ, Chapman HA,
Jr, Shapiro SD, Elias JA 2000. Interferon gamma induction
of pulmonary emphysema in the adult murine lung. J Exp
Med 192: 1587-1600.

Warner RL, Lewis CS, Beltran L, Younkin EM, Varani J, Johnson
KJ 2001. The role of metalloelastase in immune complex-
induced acute lung injury. Am J Pathol 158: 2139-2144.

Wright JL 1995. Emphysema: concepts under change - A
pathologist’s perspective. Mod Pathol 8: 873-880.

Zheng T, Zhu Z, Wang Z, Homer RJ, Ma B, Riese Jr RJ,
Chapman Jr HA, Shapiro SD, Elias JA 2000. Inducible tar-
geting of IL-13 to the adult lung causes matrix
metalloproteinase- and cathepsin-dependent emphysema.
J Clin Invest 106: 1081-1093.

Zhu Z, Homer RJ, Wang Z, Chen Q, Geba GP, Wang J, Zhang Y,
Elias JA 1999. Pulmonary expression of interleukin-13
causes inflammation, mucus hypersecretion, subepithelial
fibrosis, physiologic abnormalities, and eotaxin production.
J Clin Invest 103: 779-788.


