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Summary
The spent medium of cultured inflamed synovial tissue contains
a potent inhibitor of leukocyte elastase. This leukocyte elastase
inhibitor has no effect on leukocyte cathepsin G and pancreatic
elastase is only marginally affected. The inhibitor is a glycopro-
tein, stable to heat, acid and reductive alkylation. Pretreatment
of the inhibitor with either trypsin or chymotrypsin results im its
inactivation.
Introduction
Studies from several laboratories (1-4) have suggested that the degradation
of cartilage proteoglycans observed in inflammatory joint diseases is cata-
lyzed, at least in part, by neutral proteases secreted by the polymorphonuclear
leukocytes that are present in the synovial fluid. These leukocytes contain at
least two neutral proteases, elastase and cathepsin G, which in vitro, can de-
grade the protein core of cartilage proteoglycans. Degradation of cartilage
proteoglycans has also been observed upon intraarticular administration of these

enzymes into joints of normal animals, suggesting that these enzymes can poten-

tially contribute to the destruction of the cartilage matrix (5).

In inflammatory joint disease, studies by Barrett (6) indicate that at any
time the synovial fluid contains at least 108 leukocytes. Since these cells sur-

vive approximately 3-4 hrs in the joint fluid, it has been suggested that approxi-
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mately 8 mgs/day of neutral proteases can be potentially present in the inflamed
synovial fluid. This large concentration of neutral proteases can very rapidly
degrade the cartilage matrix. However, this does not occur because the synovial
fluid contains a; macroglobulin and oy antitrypsin, known inhibitors of leuko-

cyte neutral proteases (6).

The present studies indicate that the inflamed synovial tissue contains a
potent inhibitor of leukocyte elastase but not of leukocyte cathepsin G. The in-

hibitor has been partially purified and its properties are described.

Materials and Methods

Inflamed synovial tissue from rabbits that had been immunized with bovine
serum albumin was removed by surgery (7), coarsely minced and incubated in serum-
free Minimal Essential Medium (MEM) containing glutamine and streptomycin/neomycin.
After 48 hours, the medium was harvested and used as the source of the leukocyte
protease inhibitor.

The inhibitor present in the spent medium was adsorbed on Concanavalin A
Sepharose (0.9%x7 cm) and eluted with 50 mM cacodylate buffer, pH 7.4 containing
5 mM CaCly and 1 M a-methyl mannoside. This eluate after dialysis (50 mM Tris~Cl
pH 8.0, 5 mM CaCly) was concentrated and fractionated on DEAE~cellulose (0.9x10 cm).
After gradient elution with the above buffer containing 0.2 M NaCl, column fractions
that contained the inhibitor were pooled and stored frozen.

SDS gel electrophoresis was conducted by the method of Weber and Osborne (8).
Crude leukocyte neutral proteases were prepared from human leukocytes by the
method of Barg et al (9). Pure human leukocyte elastase and partially purified
leukocyte cathepsin G were prepared by the method of Baugh and Travis (10).

The assay system for protease activity wusing 35s-1abeled proteoglycans
(1.5x10% cpm/ms dry beads) trapped in polyacrylamide beads has been described (9).
Inhibitory activity in either the spent medium of the inflamed synovial cultures
or in the partially purified inhibitor preparation was determined by adding ali-
quots to the assay system described (9). One unit of inhibitor represents the
amount of protein required for 50 percent inhibition of enzyme activity and was
determined by titrating the inhibitor with the enzyme in the above assays. Colla-
genase assays were conducted using [140]—labe1ed collagen as described (11). Pro-
tein concentrations were determined by the method of Lowry et al (12) using bovine
serum albumin as the standard.

Results
The spent medium of cultured inflamed synovial tissue was examined for pro-
teolytic activity using [33S]-labeled proteoglycans. Results shown in Table I

indicate that the spent medium was completely devoid of protease activity. Mixing
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Table T

The Effect Of The Spent Medium Of Inflamed Synovial Tissue
On Crude Human Leukocyte Neutral Proteases

cpm[3SS] Percent
Released Activity
Synovial tissue spent medium
(20 ug protein) 0 0
Crude leukocyte neutral proteases
(8.6 ug protein) 3,961 100
Plus synovial tissue spent medium
(20 ug protein) 2,572 65
(100 ug protein) 830 21

experiments of the spent medium with crude leukocyte neutral proteases indicated

the presence of an inhibitor of proteolysis.

The inhibitor in the spent medium was purified by chromatography on Concana-
valin A Sepharose and on DEAE-cellulose (Table II). SDS~polyacrylamide gel elec-
trophoretic analysis (Figure 1) of the inhibitor (8) indicated that the material
was not homogenous, one major and two faint bands were detected on staining with
Coomassie Blue. To determine which of the enzymes in the crude leukocyte homog-
enate was susceptible to inhibition by the partially purified inhibitor, experi-
ments were carried out with pure leukocyte elastase and partially puri-
fied cathepsin G. Using pure elastase, addition of the inhibitor to the assay sys

tem resulted in almost complete loss of enzymatic activity (Figure 2A). The mech-

Table II

Purification Of The Leukocyte Neutral Protease Inhibitor
From The Spent Medium Of Inflamed Synovial Tissue

Total Specific
Protein Activity Total
Volume | mg Protein/ml (mg) Units/mg Units
Spent Medium 92 4.0 368 36 13,248
Con A Sepharose Pool| 105 0.385 40.4 226 9,130
DEAE Cellulose Pool 42 0.440 18.5 376 6,974

1 unit of inhibitory activity represents the amount of protein required to
inhibit crude leukocyte neutral protease activity (8.6 ug protein) by 50
percent. Other details of the assay are described in the text.
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Figure 1 SDS gel electrophoretic analysis of Left crude spent
medium of inflamed synovial tissue, Middle partially purified
elastase inhibitor. Right Proteins of known molecular weight
(Phosphorylase b M 94,000; Bovine serum albumin M, 67,000;
Ovalbumin M, 43,000; Carbonic anhydrase My 30,000; Soy bean
trypsin inhibitor Mr 20,000 and @ Lactalbumin M, 14,400).
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Figure 2 The effect of varving concentrations of the partially
purified inhibitor on (A) pure leukocyte elastase (0.02 ug),

(B) pure pancreatic elastase (0.2 ug) and (C) crude mammalian
collagenase (10 ug).
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Table III

The Effect Of Various Treatments Of The Inhibitor On Purified
Leukocyte Elastase Activity

Relative Activity
(Percent)
0.03 pug Elastase 100
Plus native inhibitor (12.5 ug) 10
Plus heat treated inhibitor
(60°, 15 min) 12
Plus acid treated inhibitor
(pH 2.0 and neutralized) 25
Plus reduced alkylated inhibitor 22

Using the assay conditions described, 0.03 ug of leukocyte elastase
releases approximately 4,000 cpm of [35S] radioactivity from the
labeled proteoglycans entrapped in polyacrylamide beads. Other
details of the assay are described in the text.

anism of this inhibition is not known at the present time. The addition of the
inhibitor to an assay system containing pancreatic elastase, indicated marginal
inhibition (Figure 2B). The inhibitor had no effect on mammaliam collagenase ac~
tivity (Figure 2C). In results not shown, the inhibitor had no effect on leuko-

cyte cathepsin G activity.

Using pure human leukocyte elastase, the properties of the partially purified
inhibitor were examined (Table III). The inhibitor was stable to heat and acid
treatment. On reduction of the inhibitor with 0.1 M mercaptoethanol followed by
alkylation with 0.2 M iodoacetamide (and subsequent dialysis) inhibitory activity

was retained.

In results not shown, preincubation of the partially purified inhibitor
(12.5 ug protein) with either trypsin (0.4 ug) or chymotrypsin (0.04 ug) for
15 minutes at 37°C resulted in the loss of inhibitory activity when assayed with

pure elastase (0.02 ug) suggesting that the imhibitor is a protein.

When inflamed synovial tissue was incubated in MEM containing 10 ug/ml of
cycloheximide, the amount of elastase inhibitor (units) in the medium was similar
to that of control cultures not containing cycloheximide. These observations

suggest that protein synthesis is not a requirement and that the inhibitor is pres-
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ent in the inflamed tissue and released into the medium on incubation. Suppore-
ing this observation, inhibitory activity of leukocyte elastase could be detected

in the homogenates of inflamed synovial tissue.

The possible relationship of the partially purified inhibitor to ¢y macro-
globulin and oy antitrypsin, the two known leukocyte protease inhibitors, was
examined. Using immunological techniques, the inhibitor did not cross react with
either oy macroglobulin antisera or a; antitrypsin antisera (rabbit). The stabil-
ity of the inhibitor to acid treatment confirms that the inhibitor is distinct
from oy macroglobulin or oj antitrypsin. Both of these inhibitors are inacti-
vated on acid treatment. TFurthermore, the inhibitor does not effectively decrease

pancreatic elastase activity indicating that it is not related to o antitrypsin.

The relationship of the inflammatory state of the synovial tissue to the
concentration of the inhibitor was examined. Synovial tissue with minimal inflam-
mation (Grade 1) in tissue culture secretes neglible amounts of the elastase in-
hibitor. Highly inflamed synovial tissue (Grade 3 to 4) secretes significant
amounts of the inhibitor (approximately 300 units/mg synovial tissue-wet weight).
Inflamed synovial tissue contains dendritic cells, fibroblasts, giant cells, mac~-
rophages and lymphocytes and we believe that one of these cell types contains the

elastase inhibitor.

Discussion

The present studies indicate that the spent medium of inflamed synovial tis~
sue is completely devoid of any neutral protease activity. However, the medium
contains a potent inhibitor of leukocyte elastase, an enzyme that has been viewed
to be largely responsible for the degradation of proteoglycans of the articular
cartilage in inflammatory joint diseases. Under conditions in which the leukocyte
elastase is maximally inhibited, the partially purified inhibitor has only a mar-
ginal effect on pancreatic elastase and has no effect on cathepsin G, the other
leukocyte enzyme that can degrade cartilage proteoglycans. These observations

suggest some degree of specificity to the inhibitor.

503



Vol. 96, No. 1, 1980 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

The destruction of the cartilage connective tissue matrix, collagen and pro-
teoglycans, involves collagenase, and, at least in part, leukocyte elastase, re-
spectively. Collagenase inhibitors have been isolated from a variety of tissues
(13) and it has been suggested that the rate of destruction of collagen in normal
and diseased tissue may depend on the ratio of the concentrations of collagenase
and its inhibitor. From the present studies, a similar type of control mechanism
is also suggested for the degradation of proteoglycans. The degradation of pro-
teoglycans by elastase may be regulated by at least three components, namely, as
macroglobulin, @7 antitrypsin and the inhibitor secreted by the inflamed synovial

tissue.
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