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Physiological inlibitors were tested for their in vilre mteraction with neutrophil proteindse 3 (PR 3). The major plasma proleinase inhibitor of PR3

is @ AT, We have developed a radimmmunoassay (RIA) for quantilauve detecion of PR3-a,AT complexes lormed in vivo in inflammaiory

exudates such as synovial Tuid and plasina from patients with sepsis. Levels of PR3-x, AT complexes correlaled significantly with levels of human

neuirophil elasiase (HNE)-o, AT complexes. Thus, in vive 3, AT not only protects against excessive HME activily, but also againsl excessive PR3
activity.

Proteinase 3; a,-Anttrypsin: Inflammatory fluid

1. INTRODUCTION

Proteinase 3 (PR3) is a 29 kDa serine proteinase
which is biochemically distinct from human neutrephil
clastase (HINE) and cathepsin G [1]. PR3 is at lecast as
prominent in neutrophil azurophilic granules as HNE,
and comparison of the active site regions of both en-
zymes reveals a strong homology [2]. We have recently
compared the substrate and inhibitor reactivity of PR3
and HNE and revealed significant differences in the
extended substrate binding sites of both enzymes [3].
PR3 degrades a broad spectrum of extracellular matrix
proteins [4,5], induces emphysema upou intratracheal
instillation in hams:ers {1], and is the target antigen of
Wegener’s granulomatosis (WQG) autoantibodies [6-8].
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dihiodipyridine; PMN, pelymorphonuclear leucogyte; PR3, pro-
teinase 3, SBal, thiobenzy! ester, Sue, seecinyl; RA, rheumaltoid arthri-
tis; RIA, rudicimmunoassay; SF, synovial fluid; WG, Wegener's gran-
ulomatosis; Z, benzyloxycarbonyl.
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The most important physiological inhibitor of PR3 is
o -antitrypsin (o, AT) [5].

In the present study we have determined the in vitro
association constants for PR3 with several physiologi-
cal inhibitors, and compared the values with those pra-
viously reported [5]. We have also developed a radioim-
munoassay (RIA) for the detection of PR3-, AT com-
plexes in plasma and in inflammatory tissue exudates Lo
investigate the in vivo significance of inactivation of
PR3 by a,AT.

2. MATERIALS AND METHODS

2.1. Purification of PR3
PR3 was punfied according 1o the method of Kao et al. [1] from
neutrophil granule extract as described {3].

2.2, Active site titrations

Bovine panereatic lrypsin, chymotrypsin, and g-nitrophenyl 4'-gua-
mdinobensoate (NPGB) were purchased from Sigma Chemical Co.,
5t. Louis, MO, [Human plasma &, AT and a.-macroglobin (x.M) were
from Athens Research and Technology Inc., Athens, GA. @~Anliplas-
min (x,AP), @-antichymouypsul (@ ACT), and antithrombin 111
(ATI1) were obtained from Calbioghem, Sun Diego, CA. Cl inhibitor
(Cl-inh} was o kind gift from Behnng Werke AG, Muarburg Ger-
many. Substrates Z-Arg-SBzl, Sue-Val-Pro-Phe-pMA, and Boc-Ala-
Ala-1Nva-SBzl were synthesized as previously described [9-11]. Oxida-
uon of &, AT {a,AT-0x) was performed as described [12). Bovine
trypsin wis titrated with NPGB [13] and was found Lo be T0% acuve
with respect to iolal prateins. The trypsin sclution was used as a
primary standard to determine the active whibitor concentraucn of
o, AT. A constant amount of trypsin (0.12 M) was incubaied with
various amounls of @ AT (0.01-0.2 gM) in 0.5 ml of (.05 M Tri»-HCI,
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pH 8.0, a1 25°C for 5 nlin, and then a 10 gl aliquot was added to 2,175
ml of buller containing 8% dunethylsulfoxide (DMSO), 0 34 mM of
4.4’ cithiodipynidine (P3S) and 0.095 mM of Z-Arg-SBzl, The resid-
ual trypsin activity was monitored at 324 nm, The aclive inhibitor
coneentralion was determined from the plotof residual trypsin activity
va @ AT concentration. The @, AT solution was used as a secondary
stundard 1o determine the aclive enzyme congentration ol PR3 and
chymotrypsin usmg Boc-Alu-Ala-Nva-SBzl and Suc-Val-Pro-Phe-
PNA as substrates,

2.3, Interaction of physiologee inhibitors with PR3

Associalion rate constant of PR3 with &, AT was meusured under
second-order conditions. Equimolar concentrations of PR3 and a4, AT
(13.4 n¢ were incubated in 0.5 M NaCl, 0 1 M HEPES, pH 7.5, for
vaious periods of time. Residual activity of PR3 was delermined by
the addiion of PDS (0 34 mM) and Boc-Ali-Ala-Nva-SB.] (0 12
mM)., and measured spectrophotometncally at 324 nni. This assecia~
t1on was also measured by competition experiments using active site
titrated chymotrypsin as the second enzyme besides PR3 [14,15].

Equivalence titration of .M 1o PR3 was perfonmed i the presence
of o, AT. A comtant amount of PR3 (152 nM) was incubated wilh
mnereasing amounts of .M 10 0.33 ml of 0.5 M MNaCl, 0.1 M HEPES,
pll 7.5, w1 25°C for 10 min, Then 20 u! of 2, AT {1 36 pM) was added
to the reaction mixture and incubated for another 5 mun to inhibit the
tree PR3, Finally, an aliquot of 0.25 ml was added to 2.175 ml buffer
containing PBS (0.34 mM) and Bog-Alu-Ala-Nva-SBzl (0.1 mM) to
measure oM bound PR3 aetivity. This experiment was used to deter-
mine the .M concentiation assumung the molar binding ritio of PR3
10 2,M 15 11 [3,16]. The ussecianion rate constant of PR3 wil a.M
was megsured compelutively with o, AT [14.16], PR3 (11.5 nM) was
odded 1o a mixture of .M (12.8 nM) and various amounts of ¢y AT
(11.5-57.6 atM) in 0.5 M NaCl, 0 | M HEPES, pH 7.5, a1 25°C., Afler
18 omin, 150 &1 of 5 mM PDS and 25 4l of 10 mM Boe-Ala-Ala-Nva-
SBzl was added, and the residudl setvity of PR3 bound o .M was
measured at 324 nm. The association raie constant ol &M 10 PR3 wus
culculated according to the method deseribed previously [14,16).

Interaction of PR3 with ¢ ACT, AP, ATI1I, Cl-inh,und o AT-0x
was determined under similar conditions in u 1:10 molar excess al’
inhibitor.

2.4, Radiclabeling of MAh ATIS

For use in the RIA MAL ATLS (directed agamst complexed o, A1)
[17] was lubeled with '*3] (Radiochemical Centre, Ameisham, UK) by
the lodo-gen methed [18] at a specilic activity of (.30 MBq per ug of
protein.

2.5, Batlents

Two groups of patients with inflammatory disorders were selectea
for this study. The first group consisted of 18 patients with rheusmatoid
arthritis (RA), visiting the outpauent chinie of the Danigl den Hoed
Chinic 1n Rotterdam, The Natherlands, All pavients fulfilled the ARA
criteria for RA {19]. The patienis were part of a larger group that was
studied with respect to several infammatory parameters, including
neutrophil activation and deteiniination of HNE-a, AT camplexes in
thewr synovial Aud (SF) [17].

The second group consisted of 14 patients who were adinitted 1o the
Intensive Care Unit (ICU) of the Free University Hospital in Amster-
dam alter clinical diagnosis of severe sepsis. Previously, the levels of
HNE—a, AT complexes had been detected in the same plasma samples
of these pahienls [20]. Palients were selecled to cover a range of difter-
ent SF/plasma levels of HNE-& AT complexes.

2.6. SF samples

SF samples were laken [Tom the knee joint at therapeutical indica-
uon. The 8F was aspiraied into a plastic syringe and immediately
transferred to a sihconized Vacutloiner tubs, sontaining 0.05% (wiv)
Polybrene and 10 mM EDTA 1o prevent in vilro aclivation of the
complement and conlact systein. The samples were stored at -70°C
until the tests were performed
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2.7 Sepsis plaswa sconples

Blood from 14 patients with sepsis was oblauned, collected and
processed as desciibed [20]. Plasma was divided into aliquots and
store ! in polystyrene tubes at —70°C until the tests were performed.

28, RiAd for the detection of PRI-a,AT and HINE-0,AT comipfexes

[mununoglobulin-enriched lractions of rabbit antiserum against
HNE (RIA for HNE-&,AT) and ascitic Auid of MAb 12,8 direcled
against PR3 (R1A for PR3-o,AT) [6], were prepared by 50% ammo-
num sulphute precipitatior and were coupled to CNBr-activated
Sephaiose (20 mg of protein Lo 1 gof Sephatose). The Sepharose beads
were suspended in PBS containing 10 mM EDTA, 0.1% (v/v) Tween-
20, 0.05% (w/v) Polybrene (Janssen Chinuca, Beerse, Belgurm), 1.5
mM NaN,, 10 mM benzanudine (Janssen Chimuea, Beerse, Belgium)
and 0 01% (w/v) soybean trypsin inhibitor (SBT1, BDH Biochemicals
Lid,, Poole, UK), pH 7.4, at concenitrations of 2 mg/ml (Sephalose/
1abbit anti-HNE) and 4 my/ml (Sepharose/MABb 12 8), Sepharose
suspensions of 0.3 ml (RIA for HNE-@ AT) und of 1.0 ml (RIA for
PR3- AT) were icubated in 2 ml palystyiene tubes fo1 4 h by
hiead-over-head rotation at room emperature with samples diluted in
PB5-0.19% (v/v) Tween-20 (50 pl of SF samples (1:253), and sepsis
plasmia samples (1:5)). Sepharose beads were then washed with PBS
(5 times with 1.5 ml} and incubated for 16 h at rooin temperature with
50 4l of '*1)MAb ATIS (approximalely 2-3 ng) together with 0.5 ml
of PBS, 0.1% (viv) Tween-20 and 3% (v/v) bovine seium. Subse-
quently, the Sepharose was washed with PBS (4 times with 1.5 mlj and
the bound radioacuivity was measured. Results weie expressed as
percentage binding of the labeled anubodies added. Levels of PR3-
x AT and HNE-o, AT complexes were caleuldted by using a standard
dose-response curve of preformed compleses prepared by incubating
purified active site titraled PR3 und HNE with an excess of pooled
human plasma, Further details on the assay for the detection of HNE-
a AT complexes have been desenbed elsewhele [20]

3. RESULTS

3.1, Inreraction of physiological hibitors with PR3
The interaction of PR3 with &, AT and .M was mon-
itored using Bac-Ala-Ala-Nva-SBzl as the substrate
(Table I). The association rate constants for PR3 with
o; AT was measured under second-order conditions and
by competition experiments, and were found to be 4.4
x 10%and 5.7 x 10° M~ - 57!, respectively. These values
are one order of magnitude less than the reported value
of HNE (6.5 107 M~! - 57') and one order of magnitude

Table 1

Associstion riute canstunts for the interaction of physiclogical inhib-
itors with PR3

Inhibrior k(M7 4 Method
a=Antitrypsin 44 x 10° second-order conditions
5.7 % 108 competilion experiment

ax-Macroglobulin
a-Antchymotrypsin
ax-Antplasmin
Anutrombin 11
Cl-inhibitor

Oxidized op-antitrypsin

(L1 £0.1) % 107
no inibilion**
noe inhibiion**
no inhibition**
ne inhibiuen™
no whibnion*®

competilion assay
comprIlon Assuy
competition assay
competilion assay
competition assay
compelilon assay

*Assceintion rale constunty were measured in 05 M NaCl 0.1 M
HEPES, pH 7.5, and at 25°C,

®*PR 3 was incubated with inhibitor in a 1410 molar exeess of inhibitor
and no change in the enzyme aclivity was observed.



Yolume 314, number 2

higher than that of cathepsin G (4.1 x 10° M~ - s7")[15].
Using the £, values for PR3 with AT, we determined
the association rate constants of ¢,M to PR3 by a pre-
viously described competition assay [14.16}. The k&,
value for PR3 with a,M was 1.1 x 197 which is 4-fold
less than that of HNE (4.1 x 10" M~ - s7!) and 3-fold
higher than that of cathepsin G (3.7 x 10° M~ - s7') [16].
These association rate constants for PR3 with o, AT or
o.M were consistent with the previously reporied values
by Rao et al. [5].

PR3 was not inhibited by either ¢, ACT, a,AP, ATIII,
Cl-inh, or 2,AT-ox under the conditions employed.

3.3, Measurement of PR3-a,AT complexes in u RI{A
In Fig. | a dose-response curve is shown that was
obtained by testing different dilutions of preformed
PR3-a AT complexes. These complexes were prepared
by the addition of active site titrated PR3 either to an
excess of purified &, AT or to an excess of pooled human
plasma. As a contvol, PR3 was inactivated by DFP
prior to incubation with either &, AT or pooled human
plasma. The RIA appeared to be highly specific, sensi-
tive and reproducible: as few as .5 nM of PR3-, AT
complexes could be detected by this RIA, and intra-
assay as well as inte1-assay coefficients of variation were
less than 10%. The difference in the dosc-response
curves of PR3 mixed with either purified o ,AT or
plasma was only slight, indicating that virtually all PR3
added to plasma had formed a complex with its majer
inhibitor, o, AT, In addition, these experiments indi-
cated that an eacess of irrelevant plasma proteins did
not interfere with the detection of the PR3-, AT com-

60
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I —a= PRAanl
% 40 = 0= PRA-plisng
E A
% 30 —n= PRA/DEraal
*  ap »/ /. —8— PRA/DH plasma
10 N "
"_I/ a'_‘,/l___:/b
o ‘__..,_“_!J‘:_.—‘..n-—" N
[vI} 1 10 100

MICROLITER TESTED

Fig. 1. Detection of PR3-, AT complexes by R1A, PR3 (2 uM} was
incubuled with either 250 ul of pooled human plasma or 250 4l 20 ¢M
AT for 30 min at room temperature, These mixtures were diluted
(1:20) in PBS-0.19 {v/v) Tween-20, and subsequently 1ested in 2-fold
serial dilutions by RIA. The amounts of the original mixtures (1.20)
expressed as ul tesied, are indicaled on the abeissa. 1 ¢l 1es1ed contains
1 oM of PR3-, AT complexes (a,0). Control experiments were par-
fermed by intubiting PR3 with DFP {20 4M) prior to incubation with
gither plasma or o, AT. In these control experiments 1 21 lested con-
tains 1 n) of DFP treated PR (A,2), Resulls are eypressed as per-
centage of binding of the labeled antibodies added. The experiment
shown is representative of 5 experiments performed. The intra-assay
coefficient of vanation was less than 10%.
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Fig. 2. Relationship between levels of PR3-a,AT und HNE-a,AT
compleaes in inflamimatory fluids, In SF obtamned from 18 pauents
with RA (A), and in plasma from 14 patients with sepsms (B). PR3-
a, AT and HNE-w AT complexes were detected by RIA. The levels
of PR3- AT complexes were plotied against the corresponding levels
o HNE-—2,AT complexes, and are shown ol 4 loganihmic seale. The
dotted line represents the weighted linear regression Jine. 3F samples
r =094, P < 0.01; sepsis plasma samples: r = .88, P < 0.01.

plexes, In plasma to which DFP-treated PR3 was
added, a response corresponding to approximately 1
nM of PR3-a,AT complexes was measured. This re-
sponse was also observed in plasma without addition of
PR3 (not shown), and apparently was due to the pres-
ence of low levels of PR3-, AT complexes in pooled
normal plasma (see below). Preincubation of plasma
with methylamine to inactivate a,M. did not signifi-
cantly alter this dose-response curve, which indicated
that the formation of PR3-a,M did net detectabiy influ-
ence the formation of PR3- AT complexes in plasma.

3.3. Detection of PR3-, AT complexes formed in vive
m SF from arthritic joints and in plasma from pa-
tients with sepsis

To investigate whether formation of PR3-a,AT com-
plexes also occurs in vivo, we tested SF oblained from

18 patients with RA, and plasma samples from 14 pa-

tients with sepsis, In Fig. 2A the levels of PR3-, AT

complexes in these SF samples are ploited against the
corresponding HINE-a AT levels, A surong correlation
between these levels (r = 0.93, P < 0.01) was observed.

In addition, in plasma samples of patients with sepsis,
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PR3-, AT complexes could be detected and correlated
significantly with HNE-o AT levels (r = 0.83, P < 0.01)
{(Fig. 2B}, Levels of PR3- AT complexes in plasma
from hezlthy donors varied from 0.5-2.5 nM, compara-
ble Lo the levels of HNE-2 AT complexes [20]. Thus,
also under (patho-)physiolegical conditions in vivo
o, AT appears to be an inhibitor of PR3.

4. DISCUSSION

Prevention of excessive tissue damage by extracellu-
lar elastinolytic enzymes requires neuiralization of these
enzymes by proteinase inhibitors. We report here on the
interaction of PR3 with physiological proteinase inhib-
itors., We obtained association rate constants that sug-
gest that both o, AT and a,M are effective inhibitors of
PR3 in vitro. Qur kinetic data are in agreement with
those previously reported by Rao et al. [5]. [n addition,
detection of PR3-, AT complexes in the SF of RA
patients and in plasma of patients with sepsis indicates
that also in vive o /AT plays an important role as an
inhibitor of PR3. The detection of equal amounts of
PR3-t AT complexes in plasma and in methylamine-
treated plasma indicated that, compared to ¢, AT, o.M
is ol minor importance as an inhibitor of PR3 in plasma.

We have investipated the interaction of PR3 with
other plasma proteinase inhibitors, such as a,ACT,
®.AP, ATIIL, and Cl-inh. No inhibition of PR3 was
detected by these inhibitors. Also, ¢, AT-ox did not in-
hibit PR3, which can be of importance in the microenvi-
ronment of activated neutrophils where o, AT can be
inactivated by reactive oxypen derivatives [21].

Patients with o AT deficiency, an autosomal reces-
sive disorder characterized by reduced serum levels of
functional o, AT, are particularly susceptible to the de-
velopment of emphysema [22]. It is generally assumed
that these patients produce insufficient o, AT to protect
the alveolar walls from exposure to HNE, which results
in progressive destruction of lung tissue, culminating in
pulmonary emphysema [23]. Our finding that o, AT is
also the major plasma inhibitor of PR3 suggests that,
in a AT-deficient patients, in addition to HNE, PR3
may be an important factor in the development of em-
physema. This is further emphusized by the previous
observations that PR3 is even more abundant in neutro-
phils than HNE [2], and because it displays strong
elastinolytic and emphysema-causing properties [1,4].

PR3 is the antigen recognized by autoantibodies (C-
ANCA) that circulate in the blood of patients with WG
[6-8]. The possible role of these C-ANCA in the patho-
genesis of WG is still unclear. In vitro, these autoanti-
bodies induce primed PMN 1o degranulate [24]. Re-
cently, we nave aobtained evidence that binding of C-
ANCA to PR3 prevents the enzyme from being inac-
tivated by AT [25]. The resulting unbalanced activity
of PR3 may contribute to inflammatory tissue damage,
including necrosis and vasculitis. In vitro, neutrophils
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release HNE upon stimulation by various agonists [26].
High amounts of HNE in arthritic joints indicate that
neutrophils are activated and/or damaged in several
arthropathies [27]. We found corresponding levels of
PR3- AT and HWE-2,AT in SF of RA patients, as
well as in plasma of patients with sepsis, suggesting that
these complexes may serve as markers of neutrophil
activation. Studies on the levels of PR3-, AT com-
plexes in the plasma of WG patients and in other in-
flammatory diseases are now in progress. In conclusion,
we have demonstrated that both ¢,AT and «,M are
plasma inhibitors of PR3, and that o, AT also in vivo
is important for the regulation of PR3 activity. These
inhibitors should be taken into account in the explora-
tion of the possible role of PR3 in differant pathophys-
iolegical conditions.
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