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Potential role of recombinant secretory
leucoprotease inhibitor in the prevention of
neutrophil mediated matrix degradation

Carol G Llewellyn-Jones, David A Lomas, Robert A Stockley

Abstract
Background - Neutrophil elastase is able
to degrade connective tissue matrices
and is thought to be involved in the patho-
genesis of destructive lung diseases.
Methods - The ability of recombinant
secretory leucoprotease inhibitor (rSLPI)
to inhibit neutrophil mediated degradation
of fibronectin in vitro is demonstrated
and its efficacy compared with native
alpha-l-proteinase inhibitor (nox,-PI),
recombinant alpha-1-proteinase inhibi-
tor (ral-PI), and the chemical elastase
inhibitor ICI 200 355.
Results - When preincubated with neu-
trophils both rSLPI and ral-PI were
effective inhibitors of fibronectin degra-
dation although nm;-PI and ICI 200 355
were less effective. Recombinant SLPI
was the most effective inhibitor when the
cells were allowed to adhere to fibronec-
tin before the addition of the inhibitors.
Preincubation of rSLPI (0-1 ,umol/l) with
the fibronectin plate resulted in almost
total inhibition of fibronectin degrada-
tion (reduced to 3-3 (SE 0 9)% of control).
Pretreating the fibronectin plate with
1 ,umol/l rSLPI, rm;-PI and ICI 200 355 fol-
lowed by thorough washing before the
addition of cells resulted in no inhibition
of fibronectin degradation with rot,-PI
and the ICI inhibitor, but rSLPI retained
its inhibitory effect. This effect could be
reduced by adding rSLPI in high pH
buffer or 2 mol/l NaCl.
Conclusions - It is postulated that rSLPI
binds to fibronectin to form a protective
layer which prevents its degradation by
neutrophil elastase. It may prove to be
the most useful therapeutic agent in the
prevention of neutrophil mediated lung
damage.

(Thorax 1994;49:567-572)

Neutrophil elastase has been implicated in the
pathogenesis of several chronic destructive
lung diseases because of its ability to produce,
in vitro and in vivo, many of the pathological
features associated with these conditions. The
enzyme is able to damage ciliated epithelium,'
reduce ciliary beating,2 induce mucus gland
hyperplasia3 and mucus secretion,4 all of which
are features of chronic bronchitis. Further-
more, it can digest lung connective tissue 56 and
this is thought to be responsible for the devel-

opment of emphysema in animal models7 and
man.8
The exact mechanisms involved in the de-

velopment of these diseases are unknown, al-
though neutrophil recruitment and the release
of elastase near the connective tissues and into
the airways plays an important part. Neutro-
phils also secrete other proteinases such as
cathepsin G and proteinase C which are able to
degrade connective tissues. Previous studies
have shown, however, that fibronectin solu-
bilisation by neutrophils is largely caused by
neutrophil elastase and not cathepsin G.9
Because of this central role of neutrophil elas-
tase in the development of chronic lung disease
there has been increasing interest in the devel-
opment and potential therapeutic role of elas-
tase inhibitors in the prevention of progressive
lung damage.

Native and recombinant proteinase inhibi-
tors have been used for preliminary studies
and have been shown to inhibit elastase activ-
ity within the airways.'0'3 In addition, chem-
ical inhibitors of neutrophil elastase have been
developed which influence the development of
chronic bronchitis and emphysema in animal
models,'415 and therapeutic studies with these
inhibitors are under way.
For any agent to be a realistic therapeutic

option it must be capable of influencing the
elastase load in the lung in a way which will
alter the pathogenesis of the disease. The in-
troduction of an effective inhibitor into the
airways should reduce the elastase load on
the epithelium thereby reducing bronchial
damage. The inhibitor should interact irrever-
sibly with neutrophil elastase, however, since
reversible neutrophil elastase/inhibitor com-
plexes may increase interstitial damage leading
to emphysema.'5 16
Once in the lung the neutrophil becomes

tightly adherent to connective tissues and can
release neutrophil elastase into the microenvir-
onment between the cell and substrate. Tissue
destruction in this privileged site is remarkably
resistant to the effects of proteinase inhibitors.6
Previous in vitro studies suggest that secretory
leucoprotease inhibitor (SLPI) may be the
most effective inhibitor as it is able to gain
access to this privileged site, probably because
of its relatively small molecular size (12 kDa),
and it is therefore more effective at inhibiting
proteolysis by adherent neutrophils.'718 Stud-
ies have shown that SLPI is associated with
lung elastin and thus may protect it against
digestion by neutrophil elastase.'9
The aim of the present study, therefore, was

to assess the potential role of rSLPI in the
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prevention of progression of chronic destruct-
ive lung diseases by, firstly, comparing its
efficacy with other proteinase inhibitors -

native and recombinant alpha-i -proteinase
inhibitor (a,-PI) and the synthetic elastase
inhibitor ICI 200 355 - and, secondly, by
clarifying further the mechanism by which
rSLPI inhibits neutrophil mediated degrada-
tion of connective tissue.

Methods
FUNCTION OF INHIBITORS
The specific activities of the inhibitors rSLPI
(gift from Dr R Thompson, Synergen,
Boulder, USA), not,-PI purified from human
plasma,20 rot,-PI (gift from Dr H P Schnebli,
Ciba-Geigy), and ICI 200 355 (gift from DrM
Glass, ICI, USA) were confirmed by their
ability to inhibit neutrophil elastase of known
activity. In brief, 30 1l samples of inhibitors
at increasing concentration were incubated
with an equal volume of neutrophil elastase
(0 33 jimol/l) for 30 minutes at 37°C before the
addition of elastase substrate (succinyl-ala-ala-
ala-pNa, Sigma Chemicals, Dorset, UK) at
1 mg/ml. Following an incubation period of
one hour the absorbance at 410 nm was

measured. The decrease in enzyme activity
was compared with inhibitor concentration
and a regression line constructed. The inter-
cept was taken as the amount of inhibitor
required to inhibit all of the neutrophil elas-
tase. Assuming a 1:1 enzyme/inhibitor com-

plex, the amount taken to inhibit each micro-
mol of neutrophil elastase was taken as the
micromolar activity of the inhibitor. This
value was used for all subsequent assays.

ISOLATION OF BLOOD NEUTROPHILS
Neutrophils were isolated using the method of
Jepsen and Skottun.2' Briefly, venous blood
from normal healthy subjects was collected
into lithium heparin tubes. Each sample was

diluted with an equal volume of 0 15 mol/l
sodium chloride and layered onto a Percoll
gradient (Sigma Chemicals, Dorset, UK). The
top layer consisted of 2 ml 54% Percoll (den-
sity 1 075 g/ml) and the lower layer of 3 ml
78% Percoll (density 1 096 g/ml). The tubes
were centrifuged for 25 minutes at 200 g at
room temperature. The neutrophils (>96%
pure, > 98% viable) were harvested from the
interface of the 54% and 78% layers, washed
twice in 0 15 mol/I saline solution, counted,
and resuspended at the required concentration
in RPMI 1640 medium for assessment of
extracellular proteolysis (Flow Laboratories,
Rickmansworth, UK). All reagents were con-

firmed to contain less than 20 ng/l endotoxin
activity using the KabiVitrum Coat test (Flow
Laboratories, Rickmansworth, UK).

EXTRACELLULAR PROTEOLYSIS

Degradation of fibronectin was assessed using
the method of Campbell et at modified by

Burnett et al.22 Purified human fibronectin was
obtained from the Sigma Chemical Co (Poole,
Dorset, UK) and iodinated by the chloramine-
T method with sodium '25iodide (ICN Flow,
High Wycombe, Bucks, UK). The radio-
labelled fibronectin was diluted with unlabelled
fibronectin in 0 05 mol/l carbonate/bicarbon-
ate buffer (pH 9 6) to give 2000 cpm/pg fibro-
nectin and dispensed into the wells of micro-
titre plates at 30,ug/well. The plates were
allowed to dry at 37°C and then washed three
times with phosphate buffered saline (pH 7 2).
The isolated neutrophils suspended in RPMI
medium (3 x 105 cells/well) were dispensed
into the wells and the plates incubated at 370C
in a humidified atmosphere of 5% carbon
dioxide/95% air for three hours. After incuba-
tion the supernatant was collected from the
wells and the degraded fibronectin was
assessed by counting with an LKB Multi-
gamma II gamma counter. The 1251 counts in
the supernatants of wells containing RPMI
medium alone (blank) were deducted from
those containing neutrophils. All experiments
were performed in the absence (resting) and
presence (stimulated cells) of 1 ,umol/l F-Met-
Leu-Phe (FMLP) and the result for each assay
was determined from the mean value for three
replicate wells.
The experiments were performed in three

ways: (1) cells were preincubated with the
inhibitors at varying concentrations for 30
minutes before being added together onto the
fibronectin plate (preincubation); (2) cells and
inhibitors were added to the fibronectin simul-
taneously (coincubation); and (3) the cells were
allowed to adhere onto the fibronectin for 30
minutes followed by the inhibitors (adherent
cells). The results obtained for the adherent
cells were corrected for the 30 minutes before
the addition of the inhibitors.
The effect of pretreating the fibronectin

plates with the inhibitors before the addition
of cells was also assessed. This was again
performed in three ways: (1) the inhibitors at
0 1 pmol/l concentration in RPMI medium
were added to the fibronectin and incubated at
37°C for 30 minutes before the addition of
cells; (2) the inhibitors rSLPI, ra,-PI, and ICI
200 355 (0 1 ,umol/l and 1 0 pmol/l) were added
to the fibronectin, incubated at 37°C for one
hour, washed three times with RPMI medium,
followed by addition of the neutrophils; and
(3) rSLPI at 1 jmol/l concentration was dis-
solved in either RPMI medium of increasing
pH from pH 7 4 to 12 5, or in 2 mol/I NaCl
solution. The rSLPI in the varying buffers was
pipetted onto the fibronectin plate and incu-
bated for one hour at 37°C followed by three
washes with RPMI medium at pH 7-4 to
restore neutral pH. Following the washes and
restoration of neutral pH the neutrophils were
dispensed onto the fibronectin plates and the
assay performed as usual. All experiment wells
were repeated with three replicates and the
value for each experiment taken as the mean.
The effect ofpH on the subsequent function of
rSLPI was assessed by returning the solution
to neutral pH and assessing the inhibitory
activity as above.
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Effect of SLPI on neutrophil function

Table 1 Inhibition offibronectin degradation, by resting and stimulated neutrophils,
in the presence of rSLPI (p < 0 0001), na,-PI (p < 0 0002), and rac,-PI (p < 0 0001)
when preincubated with neutrophils or added to adherent neutrophils. The mean (SE)
data are the remaining amount offibronectin degraded presented as a percentage of
control values, where control is the amount offibronectin degraded in the absence of
inhibitor

Preincubated with cells Adherent cells

Resting Stimulated Resting Stimulated

rSLPI
0-01 smol/1 46-7 (9-4) 89-9 (2-7) 80-8 (7-7) 79-0 (5-7)
0-1 mol/l 18-7 (3-3) 30-1 (7-1) 51-0 (6-2) 49-0 (11 1)
1 0 sLmol/l 16-1 (3-2) 29-0 (2-0) 23-0 (3-9) 23-0 (2-5)

ra,-PI
0-01 smol/l 47-0 (16-0) 79 5 (4-3) 76-4 (2-9) 75-0 (6-6)
0-1 pmol/1 20-0 (5-8) 35.0 (2-9) 71-0 (3-4) 55-0 (4-3)
1 0 jsmol/1 16-1 (6 3) 18 7 (4-9) 45-0 (4-3) 49-0 (2-1)

na,-PI
0-01 jmol/1 71-4 (6-4) 81-8 (5-8) 71-7 (4-6) 86-9 (5-2)
0-1 jmol/1 59-6 (6-6) 66-0 (7-9) 63-5 (6-5) 69-2 (9-8)
1 0 jnol/I 51-9 (4-9) 55-0 (5-5) 66-9 (3-8) 63-9 (3-5)

Table 2 Inhibition offibronectin degradation by resting and stimulated neutrophils in
the presence of ICI 200 355 when preincubated with neutrophils (p < 0-0001) or added
to neutrophils adherent to fibronectin (p < 0-0001). Mean (SE) data are the
remaining amount offibronectin degraded presented as a percentage of control values,
where control is the amount offibronectin degraded in the absence of inhibitor

ICI 200 355 Preincubated with cells Adherent cells
concentration

Resting Stimulated Resting Stimulated

10-' mol/I 82-0 (7-4) 86-0 (2-2) 95-0 (3-0) 84-9 (7-7)
10 7mol/1 813 (5 8) 81 3 (6-1) 90 3 (4 9) 79-5 (6-6)
10 6mol/I 66-0 (2-1) 67-0 (4-7) 76-5 (6-9) 55 4 (7-5)
105 mol/l 37-5 (3-8) 43-5 (3-8) 37-0 (6-9) 38-5 (7-0)
10-4mol/I 28-0 (3-6) 31-0 (1-9) 28-5 (6-5) 37-0 (5-2)
10-3mol/l 23-5 (3-9) 30-8 (1-9) 31-0 (4-4) 29-8 (5-1)
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Figure I Relation between the molecular size of
recombinant SLPI, recombinant o,-PI and native a,-PI
and their ability to inhibit fibronectin degradation by
resting and stimulated neutrophils adherent to
fibronectin. Data are presented as percentage of control
values in the absence of inhibitor.

Table 3 Comparison of the effects of elastase inhibitors at 0- 1 glmol/l on fibronectin
degradation by resting cells when added to neutrophils adherent to fibronectin
(adherent cells), preincubated with neutrophils before the assay (preincubation), or
when added to fibronectin before the neutrophils (pretreatment). Mean (SE) data are
the remaining fibronectin degradation presented as a percentage of control values,
where control is the amount offibronectin degraded in the absence of inhibitors

Inhibitor Adherent cells Preincubation Pretreatment

nal-PI 67-9 (3-8) 60-6 (6-6) 37-6 (6-9)
ra -PI 71-0 (3-4) 20-0 (5-8) 36-0 (9-5)
rSLPI 51-0 (6-2) 18-0 (3-3) 3-3 (0-89)
ICI 200 355 90-6 (4-6) 82-5 (6-3) 71-0 (3-3)

DATA ANALYSIS
Statistical analyses of the effect of the elastase
inhibitors on neutrophil degradation of fibro-
nectin were performed using ANOVA and
analyses comparing inhibitors performed
using the Student's t test.

Results
CELL VIABILITY
The viability of the neutrophils was not altered
following incubation with any of the inhibitors
- that is, > 98% viable - as assessed by exclu-
sion of trypan blue solution.

FIBRONECTIN PROTEOLYSIS
All four inhibitors inhibited fibronectin degra-
dation (by resting cells and by cells stimulated
by 1 ,umol/l FMLP) in a dose dependent man-
ner when preincubated with neutrophil, coin-
cubated with neutrophils (added to fibronectin
at the same time), or when added to neutro-
phils adherent to the fibronectin. The results
are summarised in tables 1 and 2. The effects
of preincubation and coincubation were sim-
ilar and therefore only the preincubation re-
sults have been included. When the inhibitors
were preincubated with neutrophils similar
results were achieved with rSLPI and ra,-PI,
but both were more effective than na,-PI and
ICI 200355 (p<00001) at comparable molar
concentrations. When the inhibitors were
added to neutrophils adherent to fibronectin,
however, rSLPI was significantly more effec-
tive at inhibiting fibronectin degradation than
the equivalent concentrations of both na,-PI
and ra,-PI (p<0-01). Figure 1 shows the re-
lation between the molecular size of the natural
proteinase inhibitors and efficiency at inhibit-
ing fibronectin degradation by adherent neu-
trophils (n= 4 for each point).

In a further series of experiments the inhibi-
tors (at 01 jImol/l) were added to the fibronec-
tin plates for 30 minutes before the addition of
the cells (pretreatment). Table 3 summarises
the results gained from this latter experiment
and compares the results obtained with those
when the inhibitors were added to cells already
adherent to the fibronectin or preincubated for
30 minutes with neutrophils before the assay.
The effect of pretreatment of the fibronectin

with 0 1 and 1-0 pmol/l concentrations of ral-
PI, rSLPI, and the ICI inhibitor followed by
extensive washing is shown in fig 2. Despite
the washing rSLPI was still able to inhibit
fibronectin degradation to 20-8 (SE 5 3)% of
control (resting cells) at 0 1 iimol/l rSLPI and
to 8-7 (0-84)% at 1-0 mol/l.
The effect of pretreating the fibronectin

plates with 1 g4mol/l rSLPI in RPMI of
increasing pH, and 2 mol/l NaCl solution (fol-
lowed by washing and restoration of neutral
pH before the addition of neutrophils) is
shown in fig 3. As the pH of the original buffer
was increased and when rSLPI was dissolved
in 2 mol/I NaCl solution the subsequent ef-
ficiency of the rSLPI to inhibit fibronectin
degradation by neutrophils was reduced.

,LV Id-
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II1

.U

Figure 2 Effect of 0 1 mol/l and 10l-mol/l rSLPI, ra,-PI, and ICI 200 355
pretreatment offibronectin (followed by extensive washing) on fibronectin degradation
by resting cells and cells stimulated with 1 ,umol/l FMLP. Data are expressed as a

percentage of control values where control is the amount offibronectin degradation by
neutrophils in wells pretreated with RPMI medium. Each histogram represents the
mean (SE) of three replicates.

100r
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Figure 3 Effect of pretreatingfibronectin wells with
1 ,umol/l rSLPI in buffer of increasing pH (pH 7-4 to
12 5) or 2 molll NaCl solution on neutrophil
degradation offibronectin. The rSLPI was incubated
with the fibronectin for one hour followed by washing
and restoration of neutral pH before the addition of
neutrophils. Data are presented as a percentage of the
control values, control being neutrophil degradation of
fibronectin following pretreatment offibronectin with
buffer alone. Each histogram represents the mean (SE)
offour experiments.

Discussion
This study evaluated the potency of rSLPI,
compared with na,-PI, ra,-PI, and the syn-
thetic ICI inhibitor, to inhibit neutrophil
extracellular proteolysis of fibronectin. The
results presented show that rSLPI is the most
potent inhibitor of neutrophil mediated fibro-
nectin degradation, and is able to inhibit the
process in a dose dependent manner whether
preincubated with cells or added to adherent
cells. The recombinant form of a,-PI (ral-PI)
is also an effective inhibitor of fibronectin

degradation by neutrophils when preincubated
with the cells before the assay, but when the
cells had become adherent ra,-PI was less able
to reduce fibronectin degradation.
The native form of a,-PI purified from hu-

man plasma was relatively ineffective at limit-
ing fibronectin degradation by neutrophils
when preincubated with them, and was even
less effective when the neutrophils were
allowed to become adherent. Although other
workers6 have reported greater levels of inhibi-
tion using not,-PI in a similar assay system with
up to 79 8 (SD 6 3)% inhibition of fibronectin
degradation by adherent neutrophils com-
pared with 33 1% inhibition in our assay, this
can be explained by differences in the concen-
trations used (1 pmol/l in our assay v a calcu-
lated concentration of > 4 pmol/16). We cannot
fully explain why the na,-PI was less effective
than rao-PI at inhibiting fibronectin proteo-
lysis as the concentrations used (0 01-1 ,umol/l)
were based on functional activity. It may be
partly related, however, to the smaller size of
ra,-PI (due to lack of glycosylation). Alpha,-
PI is thought to be excluded from the privi-
leged site between neutrophils and fibronectin
into which the neutrophil elastase is released
and where proteolysis occurs.6 Our studies
showing a reduction in the efficacy of a,-PI
when cells are allowed to adhere first would
support this concept. It may be, therefore, that
the smaller size of rai-PI (45 000 Da) enables it
to penetrate this privileged site more effect-
ively than the native protein (54 000 Da).
This concept is partly supported by the

results with rSLPI. Recombinant SLPI has an
even smaller molecular mass (12 000 Da) and
may be able to gain access to the subcellular
space of the adherent neutrophils more easily,
thus explaining its comparable effectiveness at
1 gmol/l in limiting fibronectin degradation by
both non-adherent and adherent cells. Other
workers have also shown that rSLPI, unlike
a,-PI, is able to protect connective tissue from
degradation by adherent neutrophils.17 18 In
particular, Rice and Weiss'7 reported that
rSLPI was able to protect subjacent substrates
from degradation by adherent neutrophils
whereas plasma (containing a,-PI) was in-
effective. When the neutrophils were pre-
vented from becoming adherent, however,
both inhibitors were equally effective. Using
high concentrations of rSLPI (8 5 pmol/l) the
authors were able to obtain 93% inhibition of
fibronectin degradation and 88-5% inhibition
of degradation of elastin by adherent neutro-
phils. The authors suggested that rSLPI may
be exerting a protective effect by gaining ac-
cess to proteolytic zones inaccessible to other
inhibitors. Stolk et al,'8 in a more recent study,
have shown that in a cell free system native
SLPI and a,-PI were of equal potency at
inhibiting neutrophil elastase, yet when cells
were adherent to fibrinogen SLPI was more
effective.
The results of these studies and those pre-

sented here suggest that the molecular size of
the inhibitor is a determinant of its efficacy
when neutrophils are tightly adherent to a
substrate as illustrated in fig 1. The molecular
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size of the inhibitor is clearly not the only
factor, however, as the small synthetic ICI
inhibitor (685 Da) which should be most able
to penetrate the cell substrate interface was less
effective than even the larger protein inhibitors
at limiting degradation of fibronectin by ad-
herent neutrophils. These results suggest that
the efficacy of rSLPI may not be simply a

feature of its small molecular size.
Neutrophils are capable of releasing pro-

teinases other than neutrophil elastase, such as

cathepsin G and proteinase 3, into the sub-
cellular space. The ICI inhibitor is a specific
elastase inhibitor without any inhibitory effect
on cathepsin G and proteinase 3. If these
enzymes were contributing to the degradation
of fibronectin the ICI inhibitor would there-
fore be expected to appear less effective than
rSLPI and rac-PI. Previous studies character-
ising the degradation of fibronectin by neutro-
phils have found similar degradation products
to those produced by pure neutrophil elastase.9
In addition, specific cathepsin G chloromethyl-
ketones were unable to inhibit neutrophil
mediated fibronectin degradation, suggesting
that cathepsin G was not important in proteo-
lysis. Recent studies have shown that SLPI
does not have any inhibitory effect on protein-
ase 323 and, since SLPI inhibits fibronectin
degradation by neutrophils, this provides
further indirect support for the conclusion that
fibronectin degradation by neutrophils is
largely due to elastase. The ICI inhibitor
would therefore be expected to be at least as

effective as SLPI at inhibiting neutrophil
mediated degradation of fibronectin if the size
of the inhibitor is a critical factor in its efficacy.
The relative ineffectiveness of the ICI inhi-

bitor suggests that factors other than size are

also of major importance. This was confirmed
by the experiments in which we showed that
rSLPI was even more effective when added to
the fibronectin plate before the cells, achieving
> 96% inhibition, whereas there was no

further increase in inhibition by ra,-PI or the
ICI inhibitor (see results).

Previous studies have suggested that rSLPI
can associate with elastin'9 and act as an

inhibitor coat which prevents degradation by
neutrophil elastase bound to the elastin.24 In
order to investigate the possibility that rSLPI
was binding to the fibronectin we designed a

further series of experiments in which fibro-
nectin plates were incubated with 0 1 and
1 jmol/l solutions of rSLPI, ral-PI, or the ICI
inhibitor for one hour followed by extensive
washing. Following the washing the wells that
had received roa,-PI and the ICI inhibitor were
unable to inhibit fibronectin degradation by
neutrophils, indicating that the inhibitor had
been removed (fig 2). The rSLPI wells still
showed >90% inhibition at 1 gmol/l, how-
ever, suggesting that rSLPI had bound to the
fibronectin. Recombinant SLPI is a highly
cationic protein with a high isoelectric point
(>9), so binding to connective tissue matrix
such as fibronectin is likely to involve ionic
bonds. To investigate this possibility we

designed experiments to interfere with ionic
bonding. RPMI medium of increasing pH

containing 1 gmol/l rSLPI or rSLPI in 2 mol/l
NaCl solution reduced the effectiveness of
rSLPI, presumably by preventing binding to
the fibronectin (fig 3). The negative charges in
the alkaline buffer would interfere with bind-
ing of rSLPI by neutralising its positive
charges and thus inhibiting ionic bonding. A
similar effect was seen with rSLPI in high salt
solution, where there was also a reduction in
the efficacy of rSLPI in the prevention of
fibronectin degradation by neutrophils sug-
gesting a reduction in rSLPI binding to fibro-
nectin (by the negative chloride ions). To
exclude the possibility that the high pH buffer
was denaturing rSLPI and thereby reducing
its inhibitory function we incubated the inhi-
bitor for one hour in buffers of increasing pH
as above. After restoration of neutral pH the
activity of the inhibitor was titrated against
pure neutrophil elastase as previously de-
scribed and confirmed to be fully functional
(data not shown). Finally, to investigate the
remaining possibility that rSLPI bound to
fibronectin could have interfered with adher-
ence of neutrophils onto the fibronectin (and
hence its degradation) we performed an adher-
ence assay comparing untreated fibronectin
with fibronectin pretreated with rSLPI. Neu-
trophils were allowed to adhere to fibronectin
for 30 minutes followed by thorough washing
and counting. The experiments were per-
formed six times and cell adherence was con-
firmed to be unaltered by rSLPI (data not
shown).
The results presented here have shown a

unique advantage of rSLPI over the other
inhibitors studied. Although SLPI is a rever-
sible inhibitor, kinetic measurements have
shown that it very rapidly forms a highly
stable complex with neutrophil elastase
(ka s= 6-4 x 106/M/s; kdiSs= 2 3 x 10- 3/s) and
thus it is termed a pseudoreversible inhibitor
of neutrophil elastase. We postulate, in accord-
ance with other workers, that rSLPI is better
able to gain access to the interface between
neutrophils and extracellular matrix when the
neutrophils are adherent,61718 but further that
they are able to coat connective tissue matrices
such as fibronectin by ionic binding thus pre-
venting their degradation by neutrophil elas-
tase. This would support the suggestions of
other workers that SLPI plays a part in pro-
tecting elastin fibres from elastase mediated
degradation.'9 This inhibitor may therefore
have a major advantage over the others if the
therapeutic aim is to prevent connective tissue
degradation in diseases such as emphysema.
However, a recent study has shown that native
al-PI is able to bind in vitro to extracellular
matrix composed of 51% glycoproteins, 37%
collagen, and 12% elastin."5 The authors re-
port that the a,-PI was not binding to the
glycoproteins as removal of these from the
matrix did not affect the binding to the rest of
the matrix. It seems probable that the a,-PI
was binding to the collagen (as previous stud-
ies have found SLPI but not a,-PI in associ-
ation with elastin'9) thereby preventing its
breakdown by neutrophil elastase. This work
would be consistent with our data showing
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that rac-PI is unable to bind to the glycopro-
tein fibronectin.
Recombinant SLPI and rac-PI were both

effective inhibitors of fibronectin digestion
when preincubated with neutrophils (as in the
circulation), but when cells are adherent to
connective tissue (as in the interstitium)
rSLPI was the best inhibitor, probably
because of its ability to form a protective layer
thus denying active neutrophil elastase access
to connective tissues. Our data suggest an
important role for rSLPI as a therapeutic
agent in the protection of lung connective
tissues. Further studies in vivo with this inhi-
bitor are therefore required.
There has been much interest in augmen-

tation therapy with a,-PI for subjects with ac -

PI deficiency by systemic administration'0 and
by inhalation in patients with cystic fibrosis."
Our results show that rSLPI may be a more

effective inhibitor in this situation and also in
the prevention or treatment of smoking related
emphysema and bronchitis in the absence of
al-PI deficiency.
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