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We report here that human plasma x,-antitrypsin (x,-ATHinhibited human ncutrophit Oy relosse elicited by a vaniety of stimutants. in comparison,

the inhibitory capacition of two wrine protease inhibitors, L-d-tosylamide 2phenylethyl chloromethyt ketone (TRCK ) anw soybean trypain inhibitor

(SBT1). and the human recomdinant 2, AT mutant, 2 AT-A1g™ wore in the otde: 20AT « TPCK 2 2, AT-Arg™ » SBT1 when colhy were

stimutatod with concanavalin A plus cytochatasin E. These data suggest that, in human inffammatory fluids comaining refauvely high concentrations

of 2,-AT (such a» theumatoid anhatis synovial Gkl G) 2T may downtegulate the inRammatory process by inhibiting the pewrophit
respiratory burat and () serpin onidation by neutrophil-rcioused reactive avygen specics is ualikely 1© owur,

a-Antitrypuin; Serine protease inhibitor: Neutrophdd eespiratory burst Superanide anion radical: Inflammation: Human

t. INTRODUCTION

Human plasma &,-° “teypsin (2,-AT) is an acute
phase protcin, which is synthosizey in  increased
amounts by the liver during inflammation. and is a
member of the serpin (serine protease inhibitor) super.
family of proteins (reviewed in {1]). Although 2,-AT is
an inhibitor of both trypsin and neutrophil clastase,
ncutrophil elastase is the physiological target for a,-AT.
The release of neutrophil ¢lastase has been implicated
in the tissue damage associated with chronic inflam-
matory diseases such as pulmonary emphysema and
rheumatoid arthritis [2]. Cigarette smoking is 2 major
risk factor for pulmonary emphysema {1} and brox-
choalveolar lavage fluids from smokers. along with
knec-inint synovial fiuide from rheumatoid arthritis
paticnts, show a reduction in anti-clastolvtic activity
compared with that exp. sted from the o - AT concentm-
tion {3-3), containing oxidised and proteolyvucally frag-
mented forms of a,-AT [2.6.7].

Exposure of neutrophils to a variety of stimuli (in-
cluding concanavalin A plus cytochalasin E) activates
a membrane-bound NADPH-oxidase to catalyse the
generation of the superoxide amion radical (O.7)
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(reviewed in (8] This radical species dismutes to H,Q,
which is in turn converted to hypochlorous a~id (HOCH
in & reaction catalysed by neutrophil myeloperoxide.
[8). In vitro experiments have suggested that the mecha-
nism of &,-AT inactivation involves oxidation of the
rerctive centre { Met*™) residue by neutrophils or macro-
phage-derived oxidants, such as HOCt (8.9]. However,
the proteolytic inactivation of &,-AT by neutrophil col-
lagenase [8.10.11). as well as connective tissue metal-
toproteinases {12-14], may also play a role in the in-
activation process.

During the course of experiments designed to study
the mechanisms of a,-AT inactivation by isolated
humaa acutrophils. we noted that the amount of de-
tectable O, released by cells stimulated with a vartety
of agents {sermar-ircated zyvmosan. calcium ionophore
or convaavalin A {Con & dus cytuchatcan € (Cyic
E}) was lowerad in the prosence of @-AT. Earlier stud-
ies. which were largely performed with Con A + Cyto
E as the stimulus, showed that L-1-tosylamide 2-phenyi-
cthyl chloromethyl ketone (TPCK), soybean trypsin in-
hibitor (SBT1) and other serine protease inhibitors have
the ability to inhibit O, production by neutrophils ([15]
and references therein) and by other cell types [15.16].
Thercfore. the dose-dependent inhibition by a-AT of
Con A + Cyto E-stimulated neutrophil O, production
was compared with the dose responses for TPCK., SBTI
and a,~AT-Arg**, The latter is a human recombinant
2,-AT variant in which the reactive centre Met™ has
becn replaced oy an arginine residue [17]. This single
amino acid substitution results in a 10.000-fold de-
crease in anti-clastolytic activity and a 10.000-fold in-
creaze in rthrombin inhibitory capacity.
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3, MATERIALS AND METHODS

Concanavalin A (Type L1V-8), cytochalasin E (from Aspergifhe
clavatis), cytochrome ¢ (Type 11, from horse heart), teypsin inhibitor
(Type 15, from soybean), superoxide dismutnse (from bovine eey-
throcytes),  Leletosylumbde  2-phenylethyl chloromethyl  ketone,
caleium ionophore A 23187, zymosan A, N-suecinyl-Ala-Ala-Als p-
niteoanilive and clustase (Type 1V, from poreine pancrens, 130 Unng
protein): werd:purchusedzthom: Sigmn: (Poole, Dorset, - UK) Human
plasing o, =AT: wus obliined fFom:Novablochem (Nottingham, UK).
The purity of thiy prepatation wis >93% by SDS-PAGE. The elastase
Inhibitory capacity-of'the &= AT butches used in these experiments was
nssessexd by w kineticapectrophotometric détermination of the ability
ol &-AT toinhibit the cleavage of i synthetic substeate for porcing
pancreatic elastaye [18). The antisclastolytic netivity of the two batches
was 1.06 20,10 und: 1R 2:0.08 imemn £ 1 S.D., 1 = §) mol of a,-AT
required to inhibit 1 mol of clistnse, Recombinant ot -AT-Arg™™, exe
pressid dn yeost, was kindly provided by Dr, Michuel Courtney, Deltn
Bivtechnology Lid, Nottinghum, UK.

Protein concentrations were determingd by the Bradtord nssuy {19},
TPCK . cytochutusin E and A 23187 were dissolved in dimethyl sul-
phoxide and diluted with. Hanks' datuneed sult solution (Gibwo,
Uxbridge. Middlesex, UK) immedintely before use. Serumetrented
zymozan wis prepared aceording 10 Goldsteln et al, (200,

2.1 Preparation of cells

Human peripheral blood neutrophily were isolated from (resh he-
parinised blood obtnined from healthy adult volunteers by dextran
sedimentation followed by density gradient centrifugution and hypo-
tonie lysis of the remaining red blood cells (211 Finally, the vells were
resuspended fn Hanks' balanced salt solution without Pheno! ved,
counted and dituted to aconventeation of' § x 10 cellvml, Coll vinbility
was nssessesd by Trypan blue exelusion,

2.2 Meuswrement of O production

Superoxide anion production was measured by superoxide dis.
mutase inhibitable reduction of cytochrome ¢ using & reconding double
beamy  spectrophotometer  (Uvikon 860, Kontron  Instruments,
Watlord, UK) equipped with o thermostated 6-cuvette holder,

The celts (5 x 10%) were pre-ineubated for 3 min at 37°C with various
amounts of inhibitors (TPCK, SBT, &;-AT. a~AT-Ar2"") in Hunks'
(final volume, 700 a1). Cyiochrome ¢ (100 gl finut concentration, 100
#M) was added to both sample and reference cuvettes and in the
sample cuvettes the neutrophils were stimulated with Con A + Cyto
E (200 ¢l + 100 ul; final concentrations, 100 and 10 2N, vespectively),
serumetreated zymosan (2 mp/ml final concentration) or A2387 (30
HM, final concentration). Beth sampie and reference euvettes cons
tained the same concentrations of Colls and dimethyl suiphoxide. The
basal release of O, was automatically subtracted and the absorbance
changes recorded were due solely 1o the Con A + Cyvio E-indneed
respivatory bursi. The reduction of cytochromie ¢ was monitored w
550 nm at | min intervals for 15 min at 37°C. Six sumples were
monitored simultancously, one acting as a positive control (eells +

Table 1

Inhibitory effect of' @ =AT, TPCK and SBTL on neutrophil O, reteuse
clicited by various stimulants

Inhibitor Con A % Inhibition A 238
+ Cyvto E'  Serume-treated
zvmosan®
AT (11.5 uM) 98.1 28 62.0 67.1
TPCK (10 uM) 96.2 + 6.7 }.7 90.2
SBT! (500 uM) 949 + 4.1 61.6 928

: Results are expressed as the mean value + 1 S.D. (n = §)
Results are expressed as the mean valuc (n = 2)
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stitmulntory agents only) and one as a negative control (cclls + stimu-
latory agents + superoxide dismutase),

The amount of 02" produced (nmol O, /10" cells) was caleulated
using an extinetion coefficiemt of 21 x 10" M~"em™* and plotted as o
function of time after addition of stimulants to obtain the initial rute
of cuch reaction. The inhibitory capuacity was calculated as the %
inhibition of the initiyl rate of the positive control.

3. RESULTS

o,»AT, TPCK and SBTI showed various degrees of
inhibition of the neutrophil O™ production clicited by
serum-treated zymosan, calcium ionophore A 23187
and Con A plus Cyto E (Table 1). Whatever the trigger-
ing agent, significant amounts of inhibition ‘were ob-
tnined with both aAT and TPCK at similar molar
concentrations (11.5 and 10.0 uM, respectively). How-
ever, for SBTI, the molar concentration required to give
similar extents of inhibition was about 50-fold higher
(Table 1).

a,~AT at a concentration of 0.6 mg/mi (11.5 M)
wlmost completely inhibited Oy~ release from human
neutrophils stimulated with Con A + Cyvto E. Fig. |
shows the results of a typical experiment. The inhibition
was dosc-dependent and was still significant at ¢.2 mg/
ml (3.8 uM).

;- AT-Arg"™ showed no effect over the effective dose
range of &~AT. At high concentrations &,-AT-Arg*"
produced sotne inhibition (115 uM gave a 65% inhibi-
tion) (Fig. J). Two scrinc protease inhibitors (TPCK
and SBT1) tested showed dosc-response effects similar
to thosc previously obtained by Kitagawa and co-
workers [15] (Fig. 2). The concentration range used was
0.2-10 uM for TPCK and 100-500 4M for SBTI. Table
Il shows the X, values (concentration required for 50%
inhibition of O, production) for the four scrine pro-
tease inhibitors, o,-antitrypsin has a K fower than SBT1
and similar to TPCK.

The sering protease inhibito~ tested had = eytotoxic
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Fig. 1. Tite-course of the inhibitory effect of uy-antitrypsin on O,
production by stimulated human neutrophils. (1) Con A + Cyto E
alone: (@) 3.8 uM a,-AT; (@) 5.7 4M a,-AT; (A) 11.5 4M a-AT.
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Fig. 2. Dose-response curves showing the inhibitory offevs of serine

protease inhibitors on Oy production by stimulatedtCon A « Cyto

E) human neutrophils. {4) TPCK: (@) 3,-AT: () & AT-Arg"™ ¢}

SBTL. Each Jdala poinl represents the mean value of - 8 experiments
(2 1SD wieren2z N

cflect as assessed by Trypan blue exclusion tests per.
formed at the end of activation experiments. In addi-
tion, at the conces . ations used in * ¢ ncutrophil experi-
ments, none of these inhibitors pocsesed O, scaveng-
ing activity in a xanthinc-xanthine oxidase system
coupled with the ¢ytochrome ¢ assay (data not shown),
which also shows that the a,-AT preparation was not
contaminated with superoxide dismutase.

4. DISCUSSION

We have shown that at sub-phystological concentra-
tions a,~-AT inhibits the oxidative burst of stimulated
neutrophils. For comparison. the concentration of a,-
AT ir both normal human plasma and knce-joint sy-
noviai finid from rheumatoid arthritis patients is about
3.5 myg'usl, although on average ahout 40% of the a,-
AT in rheumatoid rthritis synovial ffuid is inacuve (5]

a,-AT-Arg™*, which has relatively weak anti-clastasc
activity compared with ¢,-AT. only inhibited neutrophil
O, production at high concentrations, suggesting that
this effect was related to protease inhibitory capacity.
This interpretation is further sustained by the lack of

Table H
K, (concentration required for 50% inhibition of O, production) of
serine protease inhibitors in Con A + Cyto E-triggered O, release by
human neutrophils. Values were calculated form Fig. 2.

Serine protease inhibitor K, (uhi}

a-AT 5.1 (M)
a,-AT-Arg"™ 93.6 (L)
TPCK 4.7 (uM)
SBTI 207.0 (uM)
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0O, scavenging capacit) of all the inhibitors tested. In
agreement with previous results {15], serine protease
inhibitors which arc not members of the serpin protein
superfumily also inhibited neutrophil O, production.
The high molecular weight inhibitor of trypsin (SBTI
and the low molecular weight inhibitor of chymotrypsin
(TRCK) act by inhibiting a neutrophil plasma
membrane trypmnfchymmrypmn—hke protease [18). -

Recently, Kilpatrick et al. 122] reported the inhibition
of human neutrophil 0, gchcrauon by a,-antichymo-
trypsin.  These workers mention that a commercial
preparation of &,-AT (Sigma) had no inhibitory effect
at concentrations ranging from 0.1 to 100 gM. This
dnscmpancy might be accounted for by a difference in
the activities of the &,-AT preparation used in this study
and that used by Kilpatrick and co-workers.

in many of the carlier studies in which neutrophil/
macrophage-mediated oxidative inactivation of 2,-AT
was demonstrated in vitro (for example [9.23]), the con-
centrations of 2,-AT would have been too low to signif-
icantly inhibit O," production. The a,-AT concentra-
tions used in these experiments reflected the concentra-
tion range in bronchoalveolar lavage fluids (up to 100
Hg'mi). However. in some inflammatory exudates the
a,~AT concentration is much higher. ¢.g. rheur~~id
arthritis synovial fluid. In cxperiments where o
trophils were incubated with @,-AT at concentrations in
this higher range, the a,-AT was cither not in direct
contact with the cells. ¢.g. compartmentalised in dialysis
tubing in the presence of external. stimulated neu-
trophils [24] or. the a,-At’ was inactivated by the addi-
tion of a supernatant which had been conditioned by
stimulated neutrophils {11.25].

We conclude that. in inflammatory fluids containing
relatively high concentrations of a,-AT. this serpin
might play a physiological role in dircctly inhibiting
neutrophil O, production. Although it might be
argued that the stimulus mainly used in ihis study (Con
A + (v1o E) is not physiclogicelly vt —ant. other stud-
s vsee referoncss ciied  : {US]) as weli as cur own resuis
obtained with serum-treated zymosan and calcium io-
nophore show that scrine protcasc inhibitors inhibit
neutrophil O, production in response to a variety of
stimuli. Elastase has been shown to prime neutrophil
O, release elicited by different stimulants [26.27]. Our
experimental system contained no added elastase to
prime the system prior to stimulant additton. suggesting
that @,-AT inhibited neutrophil O-" release by inhibit-
ing a membrane bound serine protease. However, in
vivo, inhibition of clastase may be an additional mcch-
anism by which a,-AT down-regulates the neutrophil
OiiGatIve Tesponse.

Our results also suggest that. in those inflammatory
fiuids where the a,-AT concentration is relatively high.
the oxidation of a,-AT by neutrophil-releascd reactive
oxy ECh species is unlikely to cccur. However, other ccnl
types may mediate the oxidation of a,-AT and it *

23
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possible that neutrophil metalloproteinases inactivate
o,-AT locally, thus permitting elastase activity,
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