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To address the role of neutrophil elastase in pulmonary
emphysema, neutrophil elastase-deficient mice and
wild-type littermate controls were exposed to long-term
cigarette smoke. Compared to wild-type littermates,
mice that were deficient in neutrophil elastase were
significantly protected (59%) from the development of
emphysema. Previously, we demonstrated complete
protection from emphysema in the absence of macro-
phage elastase. Further analysis revealed several inter-
actions between these two elastases. Each elastase inac-
tivated the endogenous inhibitor of the other, with
neutrophil elastase degrading tissue inhibitor of metal-
loproteinase-1, and macrophage elastase degrading �-1-
antitrypsin. Cigarette smoke-induced recruitment of
both neutrophils and monocytes was impaired in the
absence of neutrophil elastase. Moreover, there was less
macrophage elastase activity secondary to decreased
macrophage accumulation in neutrophil elastase-defi-
cient mice. This study demonstrates a direct role for
neutrophil elastase in emphysema and highlights the
interdependence of the proteinases and inflammatory
cells that mediate lung destruction in response to ciga-
rette smoke. (Am J Pathol 2003, 163:2329–2335)

Pulmonary emphysema is a main component of chronic
obstructive pulmonary disease (COPD), currently the
fourth leading cause of death in the United States and the
only leading cause still increasing in prevalence. As cig-
arette smoking, the major risk factor for COPD, continues
to be rampant worldwide, a major epidemic of COPD is
looming.1

According to the “elastase:antielastase” hypothesis,
cigarette smoke causes inflammation and subsequent
release of proteolytic enzymes into the lung in excess of
their natural inhibitors. In the absence of normal repair,
proteolysis leads to tissue destruction and airspace en-
largement. This elastase:antielastase hypothesis has
dominated COPD research for nearly four decades. In

1963, Laurell and Eriksson2 reported their observation
that patients lacking �-1-antitrypsin (�1 AT), the major
inhibitor of neutrophil elastase (NE), developed early on-
set emphysema. Soon thereafter, Gross et al3 instilled the
elastase papain into rat lungs, resulting in emphysema.
Subsequently, investigators were able to induce emphy-
sema by instilling other elastolytic enzymes, including
human neutrophil elastase,4–6 into the airways of exper-
imental animals. Together, these observations firmly es-
tablished NE as the proteinase most likely responsible for
tissue destruction in emphysema.

NE is a potent serine proteinase with a primary trans-
lational product of 267 amino acids and variable glyco-
sylation, migrating with a molecular mass of 28 to 31 kd.7

NE is synthesized in the promyelocytic stage of myeloid
development and stored in large quantities in its active
form in neutrophil azurophil granules.8 Catalytic activity is
conferred by the His-Asp-Ser triad which forms a charge
relay system, resulting in a powerful nucleophile capable
of attacking peptide bond substrates. NE has potent
catalytic activity against a broad array of extracellular
matrix substrates, including the highly resistant elastin
that imparts structural stability to the lung.

However, macrophages are the primary inflammatory
cell in the lower airspace under normal conditions, and
particularly in response to long-term cigarette smoking.
Macrophages also contain elastolytic enzymes, and we
have previously demonstrated that gene-targeted mice
deficient in macrophage elastase (MMP-12) are entirely
protected from cigarette smoke-induced emphysema.9

Taken together, the prominence of macrophage protein-
ases and the inconsistent linkage of NE to the “garden
variety” emphysema10 associated with cigarette smoking
led some investigators to question the role of NE in this
disease process.

To directly address the role of NE in emphysema, we
generated mice deficient in NE by gene targeting,11 and
subjected them and their wild-type littermates to long-
term cigarette smoke exposure. NE-deficient (NE�/�)
mice were significantly protected from the development
of emphysema. Further analysis revealed many interac-
tions between NE and MMP-12, as well as between neu-

Supported by the National Heart Lung and Blood Institute (S.D.S. and
A.B.) and Glaxo Smith Kline Research Fellowship (to N.M.G.).

Accepted for publication August 25, 2003.

Address reprint requests to Steven D. Shapiro, M.D., Parker B.
Francis Professor of Medicine, Brigham and Women’s Hospital,
Harvard Medical School, 15 Francis Street, Boston, MA 02115. E-mail:
sshapiro@rics.bwh.harvard.edu.

American Journal of Pathology, Vol. 163, No. 6, December 2003

Copyright © American Society for Investigative Pathology

2329



trophils and macrophages, which lead to enzymatic lung
destruction.

Materials and Methods

NE and MMP-12 Gene-Targeted Mice

Both NE11 and MMP-1212 gene-targeted mice were pre-
viously generated in this laboratory, each by replacement
of sequence from intron 1 and exon 2 with neomycin
phosphotransferase cDNA driven by the phosphoglycer-
ate kinase promoter (PGK-neo). These constructs under-
went homologous recombination in RW4 ES cells, and
correctly targeted clones were injected into C57BL/6J
blastocysts and transmitted into the germlines of mice as
previously described.11,12 Mice homozygous for these
mutations in a 129/Sv-C57BL/6J mixed background
back-crossed at least eight generations into the
C57BL/6J background were used for the current studies.
The NE mutation did not alter expression of the closely
linked gene encoding proteinase 3, nor did the MMP-12
mutation affect expression of neighboring MMP genes.

Cigarette Smoke Exposure

Twenty-six NE�/� mice, 20 wild-type (NE�/�) littermates,
and 12 MMP-12�/� mice, all 12 weeks of age, were
subjected to two unfiltered cigarettes per day (University
of Kentucky), 6 days per week for 6 months, with the use
of a smoking apparatus as described.9 Mice tolerated
smoke exposure without toxicity; carboxyhemoglobin lev-
els after two cigarettes were �10%. Twenty-four sham
and non-smoke-exposed age-matched littermates were
used as controls. Here and previously, sham chamber-
exposed mice were equivalent to non-smoke-exposed
mice.

Tissue Processing

Following smoke exposure, each mouse was killed and
saline was perfused through the right ventricle to remove
blood. The left lung was ligated and removed for protein
and RNA analysis. The right lung was inflated by instilling
3% gluteraldehyde in 0.1 mol/L cacodylate buffer to 25
cm H20 (for 15 minutes), and then ligated and removed.
Inflated lungs were fixed for 48 hours before embedding
in paraffin. Serial sagittal sections were obtained for mor-
phological studies and histological analysis.

Morphometry

Mid-sagittal sections stained with hematoxylin and eosin
(H&E) were used to calculate the chord length as previ-
ously described.9,13 All measurements were performed
by a blinded investigator (S.D.S.), who calculated an
average point count from 10 random fields at �200 using
NIH Image software.13 Magnitude of changes were
identical comparing manual intercepts [9] to NIH image
results.

Immunohistochemistry

Alveolar and interstitial macrophages were quantified by
counting macrophages identified by murine mac-3 (rat
antibody to mouse at 1:500 dilution; Pharmigen, San
Diego, CA) immunostaining, using the avidin-biotin
horseradish peroxidase technique with 3,3�-diaminoben-
zadine as the chromogenic substance.9,12 Neutrophils
were identified by H&E stain. Cell counts were deter-
mined by averaging the counts of five high-powered
fields of mid-sagittal slices.

Bronchoalveolar Lavage

Separate groups of smoke-exposed mice were used for
these studies. Three separate 1-ml aliquots of saline were
administered through an intravenous catheter placed in
the trachea, and removed sequentially. Cell pellets were
isolated and used to determine the total cell count, and
aliquots were subjected to cytospin to determine differ-
ential cell counts. Bronchoalveolar lavage (BAL) is most
reliable for quantifying neutrophil abundance, as neutro-
phils migrate directly from capillaries into the alveolar
space, but less reliable for evaluating macrophage abun-
dance, since many macrophages remain in the interstitial
space.

Protein Analysis

Lungs were removed en bloc, perfused with saline until
free of blood, then frozen and homogenized in 1 ml of 50
mmol/L Tris (pH 7.2), 5 mmol/L CaCl2, and 150 mmol/L
NaCl. Samples were normalized for total lung protein
content for further analysis. A monospecific polyclonal
antibody directed against human �1AT (DiaSorin Ins.,
Stillwater, MN), but which also reacted against and was
specific for mouse �1AT, was used at a 1:500 dilution for
Western blot analysis with enhanced chemilumines-
cence. Findings among mice of similar genotypes and
treatment showed similar results. Data from three pooled
samples loaded with equal protein content are shown.

Zymography and Reverse Zymography

Total lung tissue extracts were prepared by perfusing (as
above), removing the lungs en bloc, freezing them, and
homogenizing them in 5 ml of 50 mmol/L Tris, 10 mmol/L
CaCl2, and 150 mmol/L NaCl buffer. Following centrifu-
gation, lyophilization, and equalization for total lung pro-
tein content, the samples were subjected to substrate
10% polyacrylamide gel electrophoresis using casein for
zymography as described12 and gelatin (1 mg/ml) for
reverse zymography. After gel electrophoresis was per-
formed at 4°C, gels were incubated in 2.5% (v/v) Triton
for 30 minutes, then overnight in 50 mmol/L Tris (pH 8.0),
5 mmol/L CaCl, and 1 �mol/L ZnCl2 at 37°C. For reverse
zymography, rat uterine explant conditioned medium was
added to the Tris-Ca-Zn overnight buffer. As this medium
has spontaneous gelatinase activity, proteinase inhibitors
capable of blocking gelatin activation appear as dark
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blue bands following staining with 0.125% Coomassie
blue. Again, results for mice of similar genotypes and
treatment were equivalent. Data from pooled (three mice
per lane) samples equally loaded by protein content are
shown.

Results

NE-Deficient Mice Are Significantly Protected
from Emphysema in Response to Long-Term
Cigarette Smoke

To determine the contribution of NE to cigarette smoke-
induced emphysema, we exposed groups of NE�/� and
NE�/� to cigarette smoke for a period of 6 months. (Note:
19 of 20 wild-type controls survived the cigarette smoke
exposure protocol. There was no mortality in the other
groups.) Age-matched sham and non-smoke-exposed
littermates were used as controls. At the end of the 6
months, the mice were killed; their lungs were inflated to
a fixed pressure, and H&E stained mid-sagittal sections
were used to determine airspace enlargement. NE�/�

smoke-exposed mice exhibited less airspace enlarge-
ment in response to cigarette smoke than NE�/� mice
(Figure 1). Quantification of chord length, a measure of
airspace size and hence emphysema, demonstrated
59% protection (P � 0.002) against emphysema in NE�/�

mice compared to wild-type littermates (Table 1). Similar
to our previous findings,9 a group of 12 MMP-12�/� mice
(in the same genetic background as NE mice) failed to
develop airspace enlargement in response to 6 months of
cigarette smoke exposure (Table 1).

NE Is Required for Neutrophil and Monocyte
Recruitment in the Lungs in Response to
Cigarette Smoke

While macrophages are far more prevalent than neutro-
phils both at baseline and in response to cigarette
smoke, we did observe a fivefold increase in neutrophil
counts in the BAL fluid of wild-type mice following acute
(not shown) and long-term cigarette smoke exposure. In
contrast, there was no excess accumulation of neutro-

Figure 1. NE�/� mice have less cigarette smoke-induced emphysema than wild-type mice. Lungs from wild-type mice (NE�/�) and NE-deficient mice (NE�/�)
were exposed to cigarette smoke for 6 months. Lungs from these mice and age-matched non-smoke-exposed control mice were inflated to 25 cm H2O and
mid-sagittal slices stained with H&E as described in “Materials and Methods.” Note airspace enlargement in response to cigarette smoke exposure in NE�/� mice
and partial protection in NE�/� smoke-exposed mice.

Table 1. Air-Space Enlargement in Response to Cigarette Smoke Exposure

Group n
CL*

(S.E.)
% Increase

with Sm
P value
(vs NS)

P value
(vs WT Sm)

WT (NS) 24 30.2 (0.5) — — �0.0001
WT (Sm) 19 36.8 (0.8) 22 �0.0001 —
NE�/� (NS) 14 30.4 (0.5) — —
NE�/� (Sm) 26 33.0 (0.6) 9 (0.1) 0.002
MMP-12�/� (NS) 12 29.9 (0.4) — —
MMP-12�/� (Sm) 12 29.8 (0.5) 0 (0.5) 0.001

*Chord Length (CL) measures alveolar diameter. Values shown are the mean and standard error (in parentheses). Groups of mice, with the number
of mice in each group identified (n), were either non-smoke-exposed (NS) or exposed to cigarette smoke (Sm). Wild-type mice (WT) were
129/SvXC57BL/6, the background of both mutant genotypes. P values comparing different groups were derived from two-tailed Student’s t-test.
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phils in the BAL fluid of smoke-exposed NE�/� mice
(Figure 2A). Notably, total lung neutrophil abundance
following smoke exposure was similar in NE�/� and
NE�/� mice. However, in mice lacking NE, most neutro-
phils remained in the blood vessels, unable to egress
from the vasculature despite perfusing the right ventricle
with saline before fixation (data not shown). This sug-
gests a defect in neutrophil migration into the lung pa-
renchyma in the absence of NE. With respect to macro-
phages, baseline numbers were unaffected by the
genetic absence of NE. However, accumulation of mac-
rophages in the lungs in response to long-term cigarette
smoke was impaired �60% in NE�/� mice compared to
wild-type NE�/� mice (Figure 2B). As previously shown,9

macrophage accumulation was markedly decreased fol-
lowing cigarette smoke exposure in MMP-12�/� mice
(Figure 2B).

NE Is Required for the Presence and Activation
of MMP-12

As shown by casein zymography (Figure 3, lanes 1 and
2), and confirmed by Western blot (not shown), the fully
processed, active 22-kd catalytic domain of MMP-12 was
induced with smoking in the lungs of wild-type mice. In
comparison, less active MMP-12 was present in lung
homogenates of NE�/� mice (Figure 3, lanes 3 and 4).
This was due to decreased macrophage accumulation,
as well as to less proteolytic activation of pro-MMP-12 (55
kd, Figure 3, lane 4) in the absence of NE, and suggests
that NE proteolytically activates MMP-12 in vivo.

Neutrophil and Macrophage Elastase Enhance
Each Other’s Potency by Degrading Each
Other’s Inhibitor

We also observed interactions between the proteinases
and their endogenous inhibitors. The tissue inhibitors of
metalloproteinases (TIMPs), of which there are four, are
the major endogenous inhibitors of MMP activity. Multiple
cell types produce TIMPs locally within tissues, including
the lung. Previously, it was demonstrated that NE de-
grades TIMP-1 in vitro.14 To evaluate TIMP activity, we
applied reverse zymography to lung tissue, and found
enhanced TIMP activity only in smoke-exposed NE-defi-
cient mice (Figure 4). While the protected TIMP band at
�28 kd could correspond to either TIMP-1 or glycosy-
lated TIMP-3, RT-PCR demonstrated the production of
only TIMP-1 in these samples. Of note, there are no
mouse TIMP antibodies developed to distinguish the two.
However, these findings are consistent with NE-mediated
destruction of TIMP-1 in smoke-exposed lungs.

Figure 2. Neutrophil elastase is involved in inflammatory cell recruitment in
response cigarette smoke. A: Neutrophils that underwent transvascular mi-
gration to the alveolar space were quantified by bronchoalveolar lavage.
Note, NE and MMP-12 did not affect recruitment in non-smoke-exposed mice
(solid bars). However, NE but not MMP-12 is required for neutrophil
migration in response to cigarette smoke (hatched bars). Statistically, there
were more neutrophils in wild-type (WT) non-smoke-exposed (NS) versus
smoke exposed (Sm)(P � 0.01), and in MMP-12�/� NS versus MMP-12�/�

Sm (P � 0.01), but not NE�/� NS versus NE�/� Sm. However, NE Sm had
significantly fewer neutrophils than WT Sm (P � 0.01). B: Tissue macro-
phage counts were assessed by immunhistochemical (mac-3) staining of
mid-sagittal sections and equalized for alveolar tissue density. Note, cigarette
smoke exposure increased macrophages in WT mice (WT NS versus WT Sm,
P � 0.001) and NE�/� mice (NE�/� NS versus NE�/� Sm, P � 0.04), but not
MMP-12�/� mice (MMP-12�/� NS versus MMP-12�/� Sm, P � 0.5). How-
ever, macrophage accumulation in response to cigarette smoke was inhibited
60% in NE�/� mice (WT Sm versus NE�/� Sm, P � 0.05), and 85% in
MMP-12�/� mice (WT Sm versus MMP-12�/� Sm, P � 0.01). At least 10 mice
were used for each group. Bars represent SE.

Figure 3. Proteinase activity in lungs of mice exposed to cigarette smoke.
Perfused whole lung homogenates were subjected to casein zymography as
described. Each lane represents equally pooled samples from three lungs of
the given group. Note enhanced activity of fully processed MMP-12 (�22 kd)
in wild-type (WT) mice exposed to cigarette smoke (Sm) compared to
non-smoke-exposed (NS). In the absence of NE (NE�/�), mice had markedly
less active 22-kd MMP-12 and somewhat more pro-MMP-12 (migrating at
�54 kd) in response to cigarette smoke than did wild-type mice (NE�/�).
Also visible is a band migrating at �78 kd in all lanes that is likely an aspartyl
proteinase based on inhibition pattern.

Figure 4. TIMP activity in response to cigarette smoke: evidence for NE-
mediated TIMP degradation. Perfused whole lung extracts were subjected to
reverse zymography. Protection from proteolytic activity is indicated by
presence of gelatin (dark bands) at molecular migration of TIMPs on the
blot. Note the presence of larger amounts of a 27.5-kd inhibitor, TIMP-1, in
mice lacking NE. Again, each lane represents equally pooled samples from
three lungs of the given genotype and exposure.
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�1AT is produced predominantly in hepatocytes, re-
leased into the bloodstream, and deposited into extracel-
lular spaces, including those in the lung, to protect
against NE damage. In response to cigarette smoke,
�1AT protein levels were at least as prominent in serum
following cigarette smoke exposure in both wild-type and
MMP-12-deficient mice (Figure 5, bottom). In the lung,
however, �1AT levels were elevated in MMP-12�/� mice,
but reduced by 50% in wild-type mice, following expo-
sure to cigarettes (Figure 5, top).

Discussion

The role of NE in emphysema has been a cornerstone of
the elastase:antielastase hypothesis. However, studies in
humans have inconsistently shown an association of neu-
trophils and NE with emphysema. While some groups
have found NE localized in destructive areas,15 others
have demonstrated an inverse correlation between NE
levels and airspace enlargement.10 Indeed, it is difficult
to determine the cause of a dynamic process when lim-
ited to static “snapshots” of the disease, often years after
initiation.

One method to determine the relative contribution of an
individual proteinase to the development of emphysema
is to apply gene-targeted mice to a model that replicates
the human disease. While humans and mice may differ
considerably, exposure of mice to long-term cigarette
smoke results in the inflammation and airspace enlarge-
ment characteristic of human emphysema. Using this
model, we previously demonstrated that mice lacking
the matrix metalloproteinase macrophage elastase
(MMP-12) were entirely protected from airspace en-
largement following cigarette smoke exposure.9 These
mice also had reduced macrophage accumulation in
the lungs. Thus, in mice, macrophage accumulation
and MMP-12 expression are sufficient to cause air-
space enlargement.

Human COPD is more complicated, with recurrent air-
way infections and hence greater neutrophil involvement.
However, we did not expect neutrophils and NE to play
prominent roles in a model of emphysema characterized
by cigarette smoke-induced chronic low-grade inflamma-
tion in mice that are housed in a sterile barrier facility. Yet,
our findings demonstrate a significant role for NE in the
development of emphysema in mice. This effect is multi-
factorial, involving NE in inflammatory cell recruitment,
extracellular matrix proteolysis, inactivation of TIMP-1,
and likely activation of MMP-12. In fact, we observed
significant interactions between the NE and MMP-12
proteolytic systems, with each augmenting the other’s
destructive capacity.

With respect to endogenous inhibitors, we observed
disappearance of the serine proteinase inhibitor �1AT by
an MMP, and disappearance of the MMP inhibitor TIMP-1
by a serine proteinase, in cigarette smoke-exposed
lungs. On cleavage of a suicide bond by NE, �1AT
changes from a stressed to a relaxed conformation,
thereby trapping and inactivating NE.16 This action ac-
counts for �90% of the natural inhibition of NE, particu-
larly in the lower airspace of the lung. MMPs also attack
the reactive site of �1AT; however, in this case the mol-
ecule is inactivated without affecting MMP activity.17,18

We have previously shown in vitro that MMP-12 is the
most efficient MMP at degrading �1AT, being 10-fold
more efficient than MMP-7 and over 100-fold more effi-
cient than other MMPs.19 Of note, as opposed to exper-
iments in a test tube (with discrete, pure reagents and
limited time of exposure) where discrete MMP-12-medi-
ated �1AT breakdown products can be visualized, in vivo
one can best appreciate disappearance of the intact
�1AT (Figure 5).

In a mouse model of bullous pemphigoid character-
ized by neutrophil inflammation, neutrophil-derived
MMP-9 inactivated �1AT, allowing NE to cause blister
formation.20 In the cigarette smoke-exposed mouse lung,
where macrophage MMP-12 is the primary MMP and
�1AT is abundant, MMP-12-mediated degradation of
�1AT is dominant. It follows, therefore, that loss of �1AT
would enhance NE-mediated lung destruction. Similarly,
the serine proteinase NE is capable of cleaving and
inactivating the MMP inhibitor TIMP-1 in vitro.14 The cur-
rent study demonstrates that TIMP-1 is the predominant
TIMP expressed in the lung in response to cigarette

Figure 5. �1AT expression in response to cigarette smoke: evidence for
MMP-12-mediated �1AT degradation. Serum and saline perfused (through
right ventricle) lung tissue extracts were obtained following 6 months of
cigarette smoke exposure (Sm). Age-matched sham or non-smoke-exposed
(NS) mice were used as controls. Again, each lane represents equally pooled
samples from three lungs. Equal amounts of protein were then subjected to
Western analysis using an antibody specific for �1AT. Top: Blood serum
�1AT levels were at least as prominent in cigarette smoke-exposed (Sm)
lungs compared to non-smoke-exposed (NS) in both wild-type and MMP-
12�/� mice. Bottom: Lung �1AT levels are decreased (by 50%) in response
to cigarette smoke in wild-type as compared to MMP12�/� mice.
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smoke and disappearance of TIMP-1 in the presence of
NE supports the concept that NE can degrade TIMP-1 in
vivo, since enhanced TIMP-1 activity was only observed
in smoke-exposed mice lacking NE.

NE also had dramatic effects on both neutrophil and
macrophage accumulation in the lungs in response to
cigarette smoke. In the absence of NE, neutrophils had
difficulty escaping the capillary to the lung interstitium
and alveolar space. This was not due to an inability of
neutrophils to penetrate basement membranes in the
absence of NE, for we have previously demonstrated
normal chemotaxis and Matrigel invasion in NE�/�

mice.21 Importantly, others have failed to inhibit neutro-
phil migration using proteinase inhibitors of all class-
es.22,23 Our results are consistent with a previously pro-
posed concept that NE is required to dissociate the
CD11/CD18-ICAM-1 complex tethering the neutrophil to
the endothelium.24

We also observed marked suppression of macro-
phage accumulation in the lungs in NE�/� mice exposed
to cigarette smoke. In contrast to the neutrophil, the
NE�/� peripheral blood monocyte does have impaired
Matrigel penetration compared to wild-type controls
(data not shown). This is consistent with previous findings
that pro-inflammatory monocytes, those destined for
transvascular migration into tissues, express significant
amounts of NE.25 It is plausible that surface-bound NE is
required for the migration of these monocytes into the
smoke-exposed lung. Here and previously,9 we found
that MMP-12-deficient mice also had reduced monocyte
recruitment following smoke exposure. The attenuation
of this response, however, was due not to the inability
of monocytes to egress from the vasculature, but rather
to the absence of chemotactic stimuli in the lung. This,
we believe, is at least in part due to reduced MMP-12-
mediated generation of elastin fragments, which are
known monocyte chemokines.4,26 A similar mechanism
may be at work in NE�/� mice. That is, NE may gen-
erate or activate other, as yet undefined, chemokines
responsible for monocyte migration in response to cig-
arette smoke.

In part due to the requirement of NE for macrophage
accumulation in the lung, and in part to NE-mediated
proteolytic activation of pro-MMP-12, there is less active
MMP-12 in the lungs of smoke-exposed NE-deficient
mice. Thus, protection from emphysema in NE�/� mice is
likely secondary to NE’s elastolytic activity, and attribut-
able to the requirement of NE for recruitment of mono-
cytes and their proteinases. The combination of a model
of cigarette smoke exposure with gene-targeted mice
has allowed us to determine the contribution of both
neutrophil elastase and macrophage elastase to emphy-
sema, and identify interactions between these protein-
ases. While mouse models may not entirely predict dis-
ease pathways in humans, the data suggest that if one
could safely inhibit either of these classes of proteinases,
one may be able to prevent further lung destruction in
many patients with emphysema.
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