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pathogenesis of emphysema of smokers. 

Preparations that digest elastin, in- 
cluding papain (1), polymorphonuclear 
leukocyte homogenates (2), and pancre- 
atic elastase (3), alter the connective tis- 
sue framework of the lung in experimen- 
tal animals, yielding lesions similar to 
those of emphysema. It has been specu- 
lated that elastase activity is important in 
the pathogenesis of human emphysema. 
Alveolar macrophages (AM) and poly- 
morphonuclear leukocytes (PMN) are 
the most likely sources of elastase which 
may affect human lung tissues. 

The presence of elastase (E.C. 
3.4.21.-) in PMN's is well established 
(4), but studies to demonstrate elastase 
in alveolar macrophages have been in- 
conclusive (5-7). Most reports of alveo- 
lar macrophage elastase have relied on 
measurements of whole cell homoge- 
nates or cell components. Recently, 
however, Werb and Gordon (8) demon- 
strated that peritoneal macrophages in 
culture release an enzyme with elastolyt- 
ic activity. Their finding of elastase as a 
secretory product is consistent with oth- 
er data indicating that macrophages are 
capable of secreting a variety of sub- 
stances (9). In the present investigation 
we have observed elastase release from 
human alveolar macrophages in culture. 
Notably, elastase activity was detected 
in cell cultures from smokers, but was 
not detected in cultures from non- 
smokers. 

Alveolar macrophages were obtained 
by lung lavage from 12 healthy volun- 
teers (seven males and five females) 
whose ages ranged from 24 to 33 years. 
Five of the subjects smoked more than 
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30 cigarettes daily; the others did not 
smoke. Lung lavages were performed 
through a fiber-optic bronchoscope 
placed in a right lower lobe subsegmental 
bronchus. Five or six equal volumes of 
warm (37?C) sterile saline (0.9 percent 
NaCl, weight to volume) were instilled 
through the bronchoscope from a sterile 
50-ml syringe. The fluid was removed by 
gentle suction. 

The yield of alveolar macrophages 
ranged from 1 to 2.2 x 107 in non- 
smokers and 15 to 28 x 107 in smokers. 
As noted by others, the material from 
smokers was dark brown in contrast to 
the ivory-colored material obtained from 
nonsmokers. The fluid recovered (ap- 
proximately 60 percent of the instilled 
volume) was placed in sterile, plastic, 
conical centrifuge tubes, chilled to 4?C, 
and centrifuged at 500g for 10 minutes. 
The supernatant was decanted. The cells 
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Fig. 1. The effects of reconstituted culture me- 
dia upon elastin agarose. The activity was de- 
termined by calculating the area of lysis. 
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Fig. 1. The effects of reconstituted culture me- 
dia upon elastin agarose. The activity was de- 
termined by calculating the area of lysis. 

were washed twice in an equal volume of 
Neuman and Tytell medium (serum 
free); a portion of this cell suspension 
was counted in a hemocytometer, and 
the remaining cells were suspended in 
the same medium to a final concentration 
of 3 x 106 cells per milliliter. Portions (1 
ml) of the cell suspension were placed in 
35-mm culture dishes (Falcon). After 2 
hours of incubation at 37?C in a humidi- 
fied incubator under 5 percent carbon 
dioxide and 95 percent air, the culture 
medium was removed. The cultures 
were washed three times with fresh me- 
dium to remove nonadherent cells and 
then 1 ml of fresh medium was added to 
each dish. The cells were reincubated for 
48 hours. Cell viability was assessed by 
examining representative cells for exclu- 
sion of supravital dye and by measuring 
the distribution of lactic acid (LDH; 
E.C. 1.1.1.27) dehydrogenase and 3- 
glucuronidase (E.C. 3.2.1.31) activities 
between the media and the cells. In some 
experiments the culture period was 
extended for as long as 14 days. In the 
prolonged experiments, the medium 
was removed and replaced at various 
intervals. 

Medium removed from the cultures 
was centrifuged at 500g for 10 minutes at 
4?C and dialyzed for 24 to 48 hours 
against cold 10 mM tris-HCl, pH 7.6, 
containing 1 mM CaCl2. This solution 
was lyophilized and the product stored at 
-70?C. Prior to enzymatic analysis, dia- 
lyzed lyophilized medium was reconsti- 
tuted with cold distilled water to 0.5 per- 
cent of its original volume. 

Cell lysates were prepared by expos- 
ing freshly washed cultures to 1 percent 
Triton X-100 for 20 minutes. These cells 
were scraped from the plates and sub- 
jected to sonication at 2500 amp for 15 
seconds. Complete cell disruption was 
confirmed by light microscopy. 

Elastolytic activity was measured by 
solubilization of elastin particles (< 400 
mesh) suspended in agarose (8), and by 
the hydrolysis of succinyl-L-alanyl-L-ala- 
nyl-L-alanine-p-nitroanilide (SLAPN), a 
synthetic substrate with a high degree of 
specificity for elastases (10). 

The medium from three of the 
smokers' cultures showed easily detect- 
able activity against elastin suspended in 
agarose, whereas culture medium from 
four of the nonsmokers' AM failed to 
show activity even after prolonged in- 
cubation (Fig. 1). At 48 hours, more than 
80 percent of the cells excluded dye. En- 
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zyme partition studies demonstrated that 
15 percent of the total /-glucuronidase 
and 50 percent of the total LDH activity 
was extracellular. Elastolytic activity 
was demonstrable in the media of 
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Elastase Release from Human Alveolar Macrophages: 

Comparison Between Smokers and Nonsmokers 

Abstract. Alveolar macrophages from smokers, in contrast to those of non- 
smokers, release elastase into serum-free culture medium. Since enzymes that digest 
elastin produce pulmonary emphysema in experimental animals, release of elastase 
by alveolar macrophages from smokers suggests that these cells are important in the 
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smokers' AM (Fig. 2) for as long as 2 
weeks; however, after 72 hours the ma- 
jority of the cells showed morphological 
and biochemical deterioration, suggest- 
ing that the cells were no longer viable. 
Table 1 summarizes the activities of the 
media from three of the smokers and 
four of the nonsmokers against SLAPN. 
Medium from smokers hydrolyzed the 
substrate, whereas medium from non- 
smokers failed to show any activity with- 
in the standard 30-minute assay or with 
prolonged incubation up to 24 hours. 
Similar results were obtained from the 
culture media of two additional smokers' 
and three additional nonsmokers whose 
AM were sampled and assayed at dif- 
ferent times and at concentrations from 
those in Fig. 1 and Table 1. Elastolytic 
activity was not affected by 1 percent 
Triton X-100. 

Leukocytes were rare contaminants of 
the bronchial lavage fluids even from 
smokers. Moreover, the majority of non- 
adherent cells were removed after the 
initial 2-hour culture period. The fact 
that PMN's do not survive in culture 
past 48 hours, and that fresh media in- 
troduced more than a week after bron- 
chial lavage contained elastase argues 
strongly against the presence of leuko- 
cytes being the source of the elastase in 
the cultures. The present data do not, 
however, distinguish between elastase of 

macrophage and leukocyte origins. 
Thus, it is possible that the elastase ac- 
tivity released by the macrophages could 
represent internalized leukocyte elastase 
(11). 

Elastase was not detectable in cell ho- 
mogenates from either smokers or non- 
smokers. These results suggest that elas- 
tase is not stored. The possible presence 
of cytoplasmic inhibitors of elastase, 
such as alpha-l-antitrypsin, may influ- 
ence measurement of elastase on cell ho- 
mogenates (5, 12). 

Trace amounts of elastolytic activity 
might not be detected by the methods 
currently available. We cannot, there- 
fore, exclude the possibility that some 
elastolytic activity is released by AM 
from the nonsmokers. This study in- 
dicates, however, that more elastolytic 
activity is released by the alveolar mac- 
rophages of smokers than by those of 
nonsmokers. This difference becomes 
even more impressive when one consid- 
ers that the lungs of cigarette smokers 
contain a much greater number of AM 
than the lungs of nonsmokers. The quan- 
tity of elastase released in the lungs of 
smokers might exceed that of non- 
smokers by 20-fold or more. Variations 
in the amount of elastase between the 
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constituted culture media 
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mm well was filled with 50 ,L 
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Phagocytosis of nondigestible parti- 
cles increases the release of elastase 

..iA;! i from peritoneal macrophages (8). Macro- 
;;:/j_ i.,E! --~iphages from smokers contain inorganic 
10 14 crystalline residues including kaolinite, 

that can also be identified in cigarette to- 

lyophilized, re- bacco (15). We postulate that the non- 
n lyophilized, re- 
at various times digestible residues of cigarette smoke act 
jbject 2). Each 5- as a stimulus to AM for the production 
1 of culture medi- and release of elastase. These events and 
ated for 4 days at the subsequent destruction and remodel- The wells con- 
from the time pe- ing of the lung elastin network may be 
lad been changed important factors in the pathogenesis of 

emphysema. 

smokers may reflect differences between 
the subjects' smoking habits, environ- 
ments, or other factors. 

These data may implicate the AM in 
the pathogenesis of emphysema related 
to smoking. Indeed, several lines of evi- 
dence have already associated macro- 
phages with the chain of events linking 
smoking and emphysema. Smokers' 
macrophages have significantly greater 
levels of esterase and proteases than do 
those of nonsmokers (5). The increased 
numbers of AM in the sputum of heavy 
smokers appears to be related to the 
number of cigarettes smoked (13). Histo- 

logical studies have shown collections of 
macrophages in the respiratory bron- 
chioles of young smokers, in precisely 
those sites which commonly develop em- 

physematous lesions (14). Macrophages 
also appear in early lesions of emphyse- 
ma (13). 

Table 1. Cells recovered by lavage and elas- 
tase activity of cell culture media. Elastase 
activity is expressed in terms of nanomoles of 
p-nitroanilide released from SLAPN per 
50 gl of medium in 30 minutes of incuba- 
tion. The cells were cultured at a density 
of 3 x 106/ml for 48 hours at 37?C in a humidi- 
fied incubator (5 percent CO,). The media were 
then removed, dialyzed, and lyophilized. As- 
says for elastase activity were routinely con- 
ducted for 30 minutes on 50-,1 of reconsti- 
tuted medium. For comparison, 0.02 unit of 
pancreatic elastase will give an absorbance of 
0.6 at 410 nm of hydrolyzed SLAPN. This 
is equivalent to 64 nmole of p-nitroanilide. 

Cells obtained Elastase 
Subject by lavage activity 

(x 10-6) of media 

Smokers 
1 150 117 
2 158 261 
3 286 48 

Nonsmokers 
4 18 0 
5 28 0 
6 22 0 
7 15 0 
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