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enzyme-linked immunosorbent assay; EVG, elastica van Gieson: < Glu-Pro-Val-pNA,
pyroglutamylprolylvalylparanitroanilide ; HAT, hypoxanthine-aminopterin-thymidine ; H,
E., hematoxylin eosine; HEPES, N-2-hydroxyethyl-piperazine-N’-2-ethanesulfonic acid;
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Fig. 1. Patterns of column chromatography
(a) Heparin-aminocellulofine chromatography.
The granular proteins were dialysed against
0.05 M Tris-HCl pH 7.6/0.05 M NaCl/5 mM
CaCl; and applied to a column of heparin-
aminocellulofine chromatography (2.5%3cm)
equilibrated with the same buffer. The
distribution of A () and elastase activi-
ty ( @) are shown. (b) Aprotinin-agarose
chromatography. The fractions with elastase
activity were combined and charged on a
column of aprotinin-agarose (1.5X 5¢m) equil-
ibrated with 0.05 M Tris-HCI pH 7.6/ 0.5M
NaCl. The elastase activity (@) was eluted
with 0.05 M sodium acetate buffer pH 5.0/1 M
NaCl.  Fractions were collected in tubes
containing 2 M Tris-HCl pH 8.0, to return
the pH immediately to the neutral range.
The distribution of Ax (), and elastase
activity (@) are shown. The fractions indi-
cated were combined for further purification.
(c) CMC chromatography. The pool from
aprotinin-agarose column was concentrated by
Amicon membrane (YM-10) to 10 ml, dialysed
against 0.05 M sodium acetate pH 5.5/0.15 M
NaCl, and charged on a column of CMC
(1.5X5cm) equilibrated with the same buffer.
The absorbed elastase activity (@) was eluted
by the salt gradient from 0.15 M to 0.3 M
NaCl in the same pH. The distribution of
Axl-+), and elastase activity (@) are shown.

NEM, N~et'hy1maleimide; PAGE, polyacrylamide gel electrophoresis: PBS, phosphate-
buffered saline ; PMSF, phenylmethanesulfonyl fluoride ; PN, polyarteritis nodosa ; RA,
rheumatoid arthritis; SBTI, soybean trypsin inhibitor ; SDS, sodium dodecylsulfate
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pH 5.5/0.15M NaCl E@i# iz T:EW L, REERT
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Fig.2. Gel slab electrophoresis of human
leukocyte granule extract fractions at each
stage of the purification of human granulocyte
elastase (s). The silver-stained patterns are
shown. Lane 1, granular proteins; 2, elastase
fraction from heparin-aminocellulofine
column; 3, elastase fraction from aprotinin-
agarose column ; 4, elastase fractions (28—37)
from CMC column; 5, elastase fractions
(38—50) from CMC column. T, top; F, front;
BSA, bovine serum albumin (67K); CTNG,
chymotrypsinogen (25K). :
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Table 1. Purification of human leukocyte elastase

Total Total Specific
Fraction step protein activity Recocovery activity Purification
(mg) (Units) %) (Units/mg)
Granular protein 202 906 100 4.5 1.0
Heparin-aminocellulofine 25 772 85 31 6.9
Aprotinin-agarose 0.75 419 46 560 124
CM-cellulose
El 0.10 92 10 920 204
E2 0.21 113 13 540 120

Table 2. Effect of inhibitors on purified
elastase (E2)

1. 9 T@EELT AF >
3N RAY—YE2 LA BNEZI A F

. . TS
Inhibitor Concentration Activity(%) MR R LTV B . RIS 2 B & TEARME S
Hﬁﬁl - Wmﬁ 17 5NTHY, 60ng (32.4mUnit) DT I A ¥ —HiZ k>
;131051;‘ enanthroline lgzM log 'C.iﬂ?:fff'aﬁi—if:'ﬁ S5ug DLIAFVYHBAHMEEIND I &
1 mM 0 LRV (WAL
DFP 10 mM 0 2. chI, I, I, IVBXUVREaT—5 >~
1 mM 0 Hdiwwe 1, I, I, RUVEBaZ—-5>0Ox7
SBTI 1mM 0 Ay —PiL L BAED Y~ ERT. e b IR
N-ethylmaleimide 10mM 80 52Dz oW T, SDS-PAGE TOESF
Pepstatin A 50 mM 77

SEOAFTLIUR NS T T AL BFFRET A
F—PORBEUEBED Y > &, BBE, 172
y—PEEBLUVEEERRLCRTEBITHS.
B mIER 3 E1=204 f5, E2=120 f5C, HWENR
E1=920, E2=540 Bifi/mg T& >7:. KiRM2.61 &
BHwT, 7 X100 EQFHEk» S5 /827 £ LTOWR
#13 E1=0.10mg, E2=0.21mg (5 FEALRE Awom/
1%=9.84) Thotz. &¥B, &XEH Benzoyltyro-
sylparanitroanilide # & U N-succinylalanylalanylp-
rorylphenylalanylparanitroanilide (N-Suc-Ala-Ala-
Pro-Phe-pNA) W T AT 7Y GDT7 v 4 %
fFotzett, #obzae 574 O2BREEEALT
BTy GEERRE ISR,

£k, REFOF 4+ F—¥A v EEI—OREL
525 —CIRT HERAEHRERL TS, =7
% # — 4|3, PMSF, DFP, SBTI i & » T2 KEE
& nt:4%, EDTA, o-phenanthroline 12 & - TIHHE
ahisot:. NEM (100mM) B L URTAIF YA
(G0mM) TIRIEMEIZ &2 #980%, T7%WAET L7zd,
s EEsnRro .

1. £ P FPBRISRAZ-—EOEEHRY

BB PAHEELTWE. ZOELOANYFI
gHnterRongbh o, £ PIEID S =52
SBTHITAY—EOERIC L > TESTEFEO
NV RRHET B L LI TIED IV DRk el
L. SFBEY KOy EaHBELL. £ PIBIU
VEIS—FYizonTiRrs Ay —EEROFET
Ny FeEkRRsnEroT.
VBa5—Friz2uTik, =727 —EFRICE
28y FOEL 2 REICRI L. BsREND
O EHS AEEEIVE 17— VIt I A5 —EE
RS TEsNEHD SDS-PAGE (5% 77 Vv
72 RAL) EDRY—2THD. a2 (IV), pro a 2
UW,moaIUW,yﬂwwwyFQ%%ﬁttb
T AT EH 100K, 85K 3 & U 68K /v FatHERL
72. %7z, pro @ 2 (IV) & b IESFEERC
IRDNY RHBHELL. SHUBIFTERRLD L
11 (1) SRS T 2 8y FAHBRLL. FTE
100K & 85K @3y RGBT OFEKL & > TESRD
shnktmol:. b MRBERNVEI IS DI TR
5 — Yzt 258D SDS-PAGE 85— %HD
r.oa2 (I)BEUy (V) Oy FHFACHEEL, 57
F& 100K & 85K @y v RBHRL T, 351,
EATEES,»S 12 (1) FEBICHEYST 2/5> F i
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Fig.3. Kinetic analysis of the °"H-labeled
elastin-hydrolyzing activity of elastase (E2) as
a function of incubation time. °H-labeled
gelatin (20 x g, 120,000dpm) was incubated with
elastase (60 ng) for the times indicated.
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Fig. 4. Degradation of type I, II, Ill and V
collagen. Each collagen (20 « g) was incubated
with elastase E2 (15¢ g) for 21 hr at 25°C.
The reaction products were analysed on

SDS-PAGE (5% total acrylamide) under the
reduced conditions after the incubation.

Fig.6. Degradation of laminin.
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Fig.5. Degradation of type IV collagen. Type
IV collagen (204 g) was incubated with elast-
ase E2 (20ng) for 0-24 hr at 25°C. The reac-
tion products were analysed on SDS-PAGE (5%
total acrylamide) under the reduced (R) or
non-reduced (N) condition after the incuba-
tion. Number of each lane indicates the
incubated time (hours). 1, type I collagen and
C, contorl for reduced type IV collagen after
18hr incubation.
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Laminin
(204 g) was incubated with elastase E2 (20ng)
for 0, 4, 12, or 24 hr at 37°C. The reaction
products were analysed on SDS-PAGE (5%
total acrylamide) under the reduced condition
after the incubation with (+) or without (—)
elastase.
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Fig.7. Degradation of fibronectin.  Cellular

fibronectin (20 g) was incubated with elast-
ase E2 (20ng) for 1, 2, 4, 8, 24 hr, at 37°C.
The reaction products were analysed on
SDS-PAGE (5% total acrylamide) under the
reduced contition after the incubation.

Fig.8. Degradation of proteodermatan sulfate
(PDS) with high (H) or low (L) molecular
weight. Either PDS (20 g) was incubated
with elastase E2 (60ng) for 2, or 8 hr at 37°C.
The reaction products were analysed on
SDS-PAGE (10% total acrylamde) under the
reduced condition after the incubation.

R

7FLDLTAY—VIZLBAEBHERS NI, 2
DFIEITIE T =K 140K, 115K 38 L U 81K DEF 3 A&
DY FHARE LY, RGBT 5 ICE>TINn
S0y FiEWE L. B, M7 4 775
LE S ADOSERY— v ERL T, M8
FurrFLwy vRBIZII A Y —¥ E2 2FRE
¥ TEFEO SDS-PAGE ED/8% —»&RLTW

Fig.9. Immunoblot analysis of the produced
antibody. The fraction eluted from aprotinin-
-agarose column was charged on SDS-PAGE.
The proteins on the gel were immediately
transfered onto the nitrocellulose paper. The
paper was stained by Aurodye (1) or reacted
with the produced monoclonal antibody (2).
Ther reaction of the antibody restricted to the
elastase is shown.

Fig. 10. Ouchterlony double immunodiffusion of
the produced antibody against antimouse
immunoglobulins.  Antibody against mouse
IgG, (1) 1gGa (2), 1gGn (3), 12Gs (4), IgA (B) or
IgM (6) is filled in the well. Single line is
shown between the produced monoclonal
antibody and the anti-mouse IgG.
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Fig.11. Light micrograph of lung tissue
with bronchopneumonia immunostained for
neutrophil elastase followed by Weigert's
stain. Elastase is stained in and around the
neutrophils. X% 300.
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Fig.12. High power view of lung tissue
with bronchopneumonia immunostained for
neutrophil elastase followed by Weigert’s
stain. Neutrophil elastase is shown associated
with fragmented elastic fibers (arrows). X600,
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Fig. 13. Light micrograph of artery (arrows) of
polyarteritis nodosa  immunostained for
neutrophil elastase followed by Weigert’s
staining. Neutrophils containing elastase,
infiltrating within and around the arterial
wall are demonstrated, accompanied by
partial fragmentation of elastic fibers. Elast-
age is also shown extracellularly as fine
granules. x300.
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Fig.14. Light micrograph of exudates from
joint of rheumatoid arthritis immunostained
for neutrophol elastase. Elastase is diffusely
stained as fine granules. x300.
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Abstract

In order to investigate the role of neutrophil elastase in inflammatory tissue destruction,
human neutrophil elastase was purified and examined on the substrate specificity. In
addition, the monoclonal antiboody against the purified enzyme was produced and utilized
in immunolocalization studies on inflammatory tissues. Human neutrophil elastase was
purified by heparin-aminocellulofine, aprotinin-agarose and carboxymethyl-cellulose column
chromatographs, as two isozyme fractions named El and E2 with molecular weight of
25,000. The enzyme demonstrated in vitro solubilization of insoluble elastin, cleavage of
crosslinks of type I collagen, and intramolecular cleavage of type I collagen. It also
showed limited catalytic activity on type IV collagen, laminin and fibronectin and then
degraded proteoglycan. Such a broad substrate specificity suggests that the neutrophil
elastase will work in vivo, on the destruction of collagen and elastic fibers, basement
membrane and ground substance in inflammatory tissues. The produced monoclonal
antibody (IgG, subclass) had the epitope independent of the active center of the enzyme.
Using this specific antibody, immunolocalization of the neutrophil elastase was studied on
inflammatory tissues such as lungs of bronchopneumonia, small intestine and skin of
polyarteritis nodosa, and synovium of rheumatoid arthritis. The elastase was identified
both within neutrophils and extracellularly in the interstitium of these tissuse. In
bronchopneumonia and polyarteritis nodosa, positive staining for elastase was found on
and around the fragmented elastic fibers. These findings suggest that neutrophil elastase is
actually involved in the tissue destruction and plays an important role on the inflammatory
tissue injury. Immunohistochemical methods with the antibody produced against human
neutrophil elastase will be a useful tool in the better understanding of the diseases mediated
by neutrophils.



