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Tissue inhibitor of metalloproteinases and collagenase
inhibitory activity in lung secretions from patients
with chronic obstructive bronchitis: effect of
corticosteroid treatment
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ABSTRACT Tissue inhibitor of metalloproteinases (TIMP) and collagenase inhibitory activity were

measured in the sputum from nine subjects with chronic bronchitis before and five days after
treatment with corticosteroid (oral prednisolone, 40mg daily). The mean sputum TIMP concen-

trations for eight of the nine subjects increased from 3-1 (SD 0-87) ,ug/ml to 5-8 (1 9) ,ug/ml (2p <
0005). Similarly, the mean collagenase inhibitory activity in the sputum of eight of the nine subjects
increased from 1 53 (1 1) U/ml to 2 69 (092) U/ml (2p < 0 05). The TIMP concentrations in sputum
exceeded the collagenase inhibitory activity, suggesting that a proportion of the TIMP was inactive.
TIMP inactivity was not due to prior complexing with enzyme since the molecular weight of sputum
TIMP (27 500) was similar to that described for the purified protein (28 000-28 500). Preliminary
studies showed the presence of TIMP in bronchoalveolar lavage samples (range of six specimens
045 ng/ml-2.1 jug/ml, median 53 ng/ml). Collagenase inhibitory activity was detected in only two of
these six lavage samples, suggesting that the TIMP was totally inactive in the other four samples.
The significance of the metalloproteinase-inhibitor balance in the pathogenesis of chronic lung
disease requires further study.

The pathogenesis of acute and chronic lung diseases is
poorly understood but evidence suggests that pro-
teolytic enzymes derived from leucocytes or patho-
gens play a part in causing lung destruction.' 2 The
"proteinase-antiproteinase" theory of lung disease
proposes that the proteinase inhibitors of the normal
lung prevent tissue digestion by extracellular pro-
teinases. Should the proteinases overwhelm the
inhibitors, however, tissue destruction occurs.
Specifically, neutrophil serine elastase activity is
thought to be important in the pathogenesis of
emphysema since (a) elastases cause, in experimental
animals, pathological changes characteristic of
emphysema3 and (b) inherited deficiency of a, anti-
trypsin, the major serum inhibitor of serine pro-
teinases, is associated with the early development of
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spontaneous emphysema.4 Consequently, most stud-
ies of the biochemical basis of several lung diseases
have been concerned with elastases and antielastases.

Several metalloproteinases, including metallo-
elastase,56 collagenase,7 and enkephalinase,8 have
been described in lung secretions and tissue. These
enzymes are thought to be pathologically important
since it has been suggested that the lung is relatively
deficient in metalloproteinase inhibitors.9 Little is
known, however, of the inhibitors of metallo-
proteinases within the lung.

Tissue inhibitor of metalloproteinases (TIMP) is a
protein of molecular weight 28 000, which has been
described in several body fluids and connective tissue
culture media.'0 TIMP is synthesised by several cell
types, including epithelial cells,'0 fibroblasts," and
alveolar macrophages,'2 and is thought to be the
major connective tissue inhibitor of metallo-
proteinases. The distribution of TIMP in the human
lung has not been studied and it is not known whether
it is present or active in lung secretions.
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Tissue inhibitor of metalloproteinases and collagenase inhibitory activity in lung secretions
The purpose of the present study was to investigate

the presence and activity of TIMP in sputum from
patients with chronic obstructive bronchitis. Bron-
choalveolar lavage samples were also investigated to
determine whether active TIMP is present in the
lower respiratory tract. Corticosteroids have been
reported to increase the synthesis of TIMP by con-
nective tissue cells in culture'3 and may therefore
influence the in vivo production of TIMP by
lung tissues. In this paper we report the effect of
corticosteroid treatment on sputum levels of TIMP
and collagenase inhibitory activity.

Methods

RADIOIMMUNOASSAY OF TIMP

TIMP concentrations in sputum samples were mea-

sured by a solid phase radioimmunoassay. Sigma cell
microcrystalline beads (20 gm; Sigma S3504 type 20)
were activated with cyanogen bromide and bound to
sheep antibodies to human TIMP, in a manner simi-
lar to that described for binding to Sepharose.'0 A
maximum sample volume of 50 pl was incubated with
the antibody coated beads in l0 ml of Tris/HCl
(buffer), pH 7 3, containing 0 15 M NaCl, 0 05% (v/v)
NP40 (Calbiochem), mg/ml ovalbumin (Cal-
biochem), 5mmol/l Nal, 0-02% Na azide, and 50pl
of TIMP labelled with iodine 125 (about 40000
counts/min). The mixture was rotated for 18-24
hours and centrifuged, and the supernatant removed
and washed twice with 015 mol/I NaCl containing
0 1% NP40. After further centrifugation the 1251
TIMP in the pellet was measured with a Packard
Multi-Prias 4 gamma counter. The method was cali-
brated by known dilutions of pure TIMP.'4 Dupli-
cate assays gave results within 5%; the lower limit of
detection was 1Ong TIMP/ml.

COLLAGENASE INHIBITORY ACTIVITY
The collagenase inhibitory activity of samples was
assayed by their ability to inhibit the digestion of rat
skin collagen, labelled with carbon 14, by rabbit skin
collagenase, as described previously.'4 Results were

expressed as units/ml with reference to the activity
of pure TIMP (4200 units/mg). The lower limit of
detection was 0 05 U/mI.

DAILY VARIATION OF SPUTUM TIMP AND
COLLAGENASE INHIBITION
Sputum samples were collected from six patients with
chronic obstructive bronchitis15 on five consecutive
days over a four hour period (early morning, after
they had got up). The patients were clinically stable
with no overt evidence of an infective exacerbation.
The mean age of the subjects was 58 (SD 4-9) years;

four were men. The mean ratio of forced expired

volume in one second to forced vital capacity
(FEV,/FVC) was 51-3% (SD 18 5%); three were cur-
rent smokers and three ex-smokers of more than a
year's duration. The sputum samples were ultra-
centrifuged at 50000 g (4°C) for 90 minutes and the
supernatants assayed for TIMP and collagenase
inhibitory capacity as described above. The
coefficients of variation for TIMP and collagenase
inhibition were calculated for each subject over the
five days of study.

EFFECT OF CORTICOSTEROIDS ON SPUTUM TIMP
AND COLLAGENASE INHIBITION
Nine subjects (six of them men) with chronic obstruc-
tive bronchitis were studied while in hospital for the
assessment of a trial of corticosteroid treatment
(40mg oral prednisone daily). All patients were stud-
ied at least four weeks after any infective episode.
Their mean age was 53 (SD 7 8) years and the range
46-64. The mean FEV1/FVC was 42-9% (SD 11 7%).
All were current smokers. Sputum was collected dur-
ing four hours early morning, as above for several
days while the patients were having placebo treatment
and then on each day of steroid treatment. Sputum
from each patient collected on the last day of placebo
treatment and the fifth day of corticosteroid treat-
ment was assayed for TIMP concentration and col-
lagenase inhibitory activity. Differences in TIMP and
collagenase inhibitory activity were analysed with
Student's t test for paired data.

BRONCHOALVEOLAR LAVAGE SAMPLES
TIMP and collagenase inhibitory activity were mea-
sured (as above) in bronchoalveolar lavage samples
obtained from six further subjects who were under-
going fibreoptic bronchoscopy in the investigation of
suspected neoplasia. The radiographically normal
lung was lavaged; premedication consisted of 600 ig
atropine sulphate intramuscularly and 5-10mg
diazepam intravenously. Lignocaine was used for
topical anaesthesia and the bronchoscope was
wedged in the middle lobe or lingula. A total of
120 ml of physiological saline was instilled in six ali-
quots, each aliquot being aspirated by gentle suction
before introduction of the next one. Excess mucus
was removed by filtering the lavage fluid through
gauze and cells were removed by centrifugation at
400g. The lavage samples were concentrated fivefold
by ultrafiltration and stored at - 70°C until they were
analysed.

GEL FRACTIONATION OF SPUTUM
A pool of mucoid sputum (10 ml) was applied to a 59
x 1-5 cm column packed with Sephacryl S300 (Phar-

741

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://thorax.bm

j.com
/

T
horax: first published as 10.1136/thx.41.10.740 on 1 O

ctober 1986. D
ow

nloaded from
 

http://thorax.bmj.com/


742
macia). Blue dextran and cytochrome c were added to
the sputum as reference substances for column cali-
bration. The column was eluted with 01 mol/l
Tris/HCI buffer, pH 8-0, containing 0.5 mol/I NaCl at
a rate of 36 mi/h and 6 ml fractions were collected.
Blue dextran and cytochrome c concentrations in the
fractions were determined by spectrophotometry at
615 and 413 nm respectively. TIMP concentrations in
the fractions were measured as above, a, antitrypsin
and antileucoprotease by enzyme linked immuno-
sorbent assay,16 and albumin by rocket immuno-
electrophoresis.
The column elution curves were plotted for blue

dextran and the above proteins. The curves were tri-
angulated to give peak elution volume (Ve) and the
column was calibrated on the basis of the known
molecular weight of the reference proteins-namely,
cytochrome c 11 700; cx, antitrypsin 54000; albumin
64 500; antileucoprotease 10 500. The Ve blue dextran
represented the void volume of the column. The
molecular weight ofTIMP in the fractionated sputum
was calculated.

TIMP
(pg/mi)
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Results

DAILY VARIATION OF TIMP AND COLLAGENASE
INHIBITORY ACTIVITY
TIMP and collagenase inhibitory activity were
detected in all sputum samples collected from the six
subjects over five consecutive days. The TIMP values
ranged from 1 0 to 7-2pg/ml (mean 3-76, SD
1-5 pg/ml). The average value for each day was rela-
tively constant. The between subject coefficient of
variation on each day ranged from 18X1% to 63%
(mean 33-8%). The within patient coefficient of vari-
ation over the five days ranged from 22-5% to 53-7%
(mean 37 4%).
The collagenase inhibitory activity in the sputum

from the six subjects over the five days ranged from
0-9 to 12-4 U/ml (mean 2-70 (SD 2 1) U/mi). The
between subject coefficient of variation on each day
ranged from 24f9% to 105-3% (mean 58 6%). The
within patient coefficient of variation over the five
days for collagenase inhibitory activity ranged from
6-3% to 84-3% (mean 28 4%).

CIA
(U/mi)

41 0I

3

2

1

After Before After
Fig 1 Individual values of tissue inhibitor ofmetalloproteinases (TIMP) and collagenase inhibitory activity (CIA) in sputum
from nine patients with chronic bronchitis before and after treatment with oral prednisolone, 40 mg daily.
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Tissue inhibitor of metalloproteinases and collagenase inhibitory activity in lung secretions

Concentration
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Fig 2 Elution profiles ofalbumin ( x x ), tissue
inhibitor ofmetalloproteinases (TIMP) (0 0), and
antileucoproteinase (0 O) obtained afterfractionation
ofsputum on Sephacryl S300. The void volume (Vo) ofthe
column is shown. Concentrations shown are albumin mg/dl,
antileucoproteinase pg/ml, and TIMPugl/JO ml.

EFFECT OF CORTICOSTEROIDS
TIMP was present in the sputum from all nine
patients with chronic bronchitis before and after cor-
ticosteroid treatment. The mean concentration before
treatment was 3 1 (SD 0-87) jg/ml.
The sputum TIMP concentration increased in eight

(fig 1) of the nine patients after five days' treatment
(mean 5-8 (SD 1 9) jg/ml; 2p < 0 005). Collagenase
inhibitory activity was observed in seven of the nine
sputum samples before corticosteroid treatment
(mean 1 53 (1 1) U/ml) and was present in all samples
after five days' treatment (mean 2-69 (0.92) U/ml),
having increased in eight of the nine patients (fig 1).
Statistical analysis of the data for all nine subjects
showed the results to be significant (2p < 0 005).

BRONCHOALVEOLAR LAVAGE SAMPLES
TIMP was detected in all six bronchoalveolar lavage
samples studied, the range of values being
0 45 ng/ml-2- 1 Mg/ml (median 53 ng/ml). Collagenase
inhibitory activity was observed in only two of the six
samples (0- 17 and 0-75 U/ml).

COMPARISON OF TIMP AND COLLAGENASE
INHIBITORY ACTIVITY
In the assay system described here 4-2 U/ml of col-
lagenase inhibitory activity represents the potential
inhibitory activity of 1 mg/ml purified TIMP. The
mean collagenase inhibitory activity of all the sputum
samples collected (n = 48 from variability and corti-
costeroid studies combined) when calculated from the
TIMP concentrations is 16 9 (SD 7 5) U/ml; but the
measured collagenase inhibitory activities in the sam-
ples were less than would be predicted from the TIMP
concentrations, with a mean of 2 5 (1 8) U/ml. Simi-
larly, the collagenase inhibitory activities of the bron-
choalveolar lavage samples were lower than would
be predicted from the amount of TIMP present and
four of the lavage specimens showed no apparent
inhibitory activity despite the presence of TIMP.

MOLECULAR WEIGHT OF SPUTUM TIMP
After the gel filtration of sputum on Sephacryl S300
TIMP was detected in fractions representing a single
elution peak (fig 2). The calculated molecular weight
of the sputum TIMP was 27 500.

Discussion

Human lung secretions have been reported to contain
metalloproteinase activity.5`8 The role of these
enzymes in contributing to connective tissue damage
associated with chronic obstructive lung disease
remains obscure; their action would depend on
disturbance of the usual balance between the extra-
cellular release of the enzymes and their inhibitors.
The nature of metalloproteinase inhibitors in the lung
secretions has not been investigated, although a2
macroglobulin, a potential inhibitor of these

17 _ienzymes, is present in sputum'" and broncho-
alveolar lavage samples.'9 The a2 macroglobulin, in
lung secretions, is, however, largely derived from the
blood by transudation"8 and, since it is a large
protein, secretion concentrations are relatively low.
TIMP appears to be a major inhibitor of metal-

loproteinases in connective tissues'0 and the present
study shows that this protein is present in most spu-
tum samples from patients with chronic obstructive
bronchitis. Similarly, most of the samples showed the
ability to inhibit metalloproteinase activity. The daily
variation of sputum TIMP and collagenase inhibitory
activity were similar to that described for other pro-
teins.20
The theoretical capacity of the observed sputum

TIMP to inhibit the collagenase activity in our assay
system exceeded the actual inhibitory capacity of the
samples as determined by comparison with the
specific activity of the pure TIMP we used for stan-
dardisation. Sputum metalloproteinase inhibitors
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other than TIMP would be present; but even so the
results suggest that the TIMP in the secretions was
not fully active. This conclusion is supported by the
absence of collagenase inhibitory capacity in some
samples that were shown immunologically to contain
TIMP. There are several possible explanations for
this observation. Firstly, the specific activity of
"lung" TIMP may differ from that of the purified
protein. Secondly, since TIMP inhibits metallo-
proteinases by the formation of stable complexes,21 a
proportion of the sputum TIMP may be in the form
of inhibitor-enzyme complexes. The results from the
gel filtration of sputum, however, suggested that the
TIMP was largely in its native molecular form and
not complexed. Thirdly, the sputum TIMP may be
altered or inactivated by proteolytic cleavage in a
manner perhaps similar to that described for a, anti-
trypsin.' 2 Nothing is currently known about this
potential mechanism with regard to TIMP but the
calculated molecular weight of TIMP in sputum was
27 500, a value similar to that reported for the active
purified protein (28 000-28 500).1214 The difference
in molecular weight of only 500-1000 might represent
limited proteolysis of sputum TIMP, but such a small
difference could also be explained by the varying
accuracy of the techniques for estimation of molecu-
lar weight. Other mechanisms for inactivation of
TIMP may exist. For instance, the serine proteinase
inhibitor a, antitrypsin (al proteinase inhibitor) is
inactivated if a methionine residue at its active site is
oxidised.22 The active site of TIMP, however, is not
yet characterised and the effects of oxidants are
unknown. Further studies on TIMP derived from the
lung will be necessary to explain why it is less effective
than expected at inhibiting metalloproteinases. Nev-
ertheless, the results of the two assays moved in paral-
lel and do indicate that the balance between
metalloproteinases and their inhibitors in sputum
from patients with chronic bronchitis usually favours
the inhibitors.
The source of TIMP in lung secretions is likely to

include fibroblasts,'01" epithelial cells,10 and macro-
phages.'2 The relative contributions of these various
cell types to the TIMP concentrations in lung secre-
tions remain to be established.

Corticosteroid treatment is of potential benefit for
correcting the balance between proteinases and their
inhibitors in the lung. It has been shown that corti-
costeroid treatment is accompanied by an increase in
the inhibitory capacity of a, antitrypsin in the sputum
of patients with chronic bronchitis,23 as well as a
reduction in the transudation of plasma proteins from
the blood to the secretions.24 Since al antitrypsin in
lung secretions is derived from the blood,25 its
increased inhibitory capacity was thought to repre-
sent reduced serine proteinase activity rather than a

Burnett, Reynolds, Ward, Afford, Stockley
direct increase in a, antitrypsin concentration in
secretions.23 The present study has shown that corti-
costeroids increase the capacity of sputum to inhibit
collagenase. In parallel, TIMP concentrations in spu-
tum were increased. Thus, although corticosteroids
may have resulted in reduced extracellular release
of metalloproteinases, the increased collagenase
inhibition does appear to reflect an increased concen-
tration ofTIMP in the secretions. The reasons for the
increased TIMP concentration and collagenase
inhibitory activity in the sputum of patients receiving
corticosteroids are not clear. Possibly corticosteroids
reduced the volume or degree of hydration of the lung
secretions. Alternatively, the steroid treatment may
have directly stimulated TIMP synthesis by lung tis-
sues. This hypothesis is supported by the observation
that corticosteroids can increase the production of
TIMP as well as reducing collagenase secretion by
connective tissues in vitro.'3 Further studies will be
required, but these results suggest a beneficial effect of
corticosteroids in increasing the concentration of
metalloproteinase inhibitor in lung secretions.

Studies of sputum do not fully clarify the role of
TIMP at the bronchoalveolar level, where the release
of metalloproteinase could have a role in the devel-
opment of emphysema. We therefore performed a
preliminary study of the TIMP concentration and
collagenase inhibitory activity in bronchoalveolar
lavage samples from six patients undergoing diagnos-
tic bronchoscopy for carcinoma of the bronchus.
TIMP was detected in all but collagenase inhibitory
activity was observed in only two of the six lavage
samples. These results indicate that bronchoalveolar
lavage fluid also contains inactive TIMP, and further
studies of the balance between metalloproteinases
and their inhibitors in the lower respiratory tract are
clearly indicated. It would also be fruitful to
investigate the major source or sources of TIMP and
collagenase in the lung by their immunolocalisation in
pulmonary tissue.
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