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S y m p o s i a B i o l o g i a a H u n g a r i o a 2 5 ( 1 9 8 4 ) 

PROTEINASE-PROTEINASE INHIBITOR IMBALANCE IN 
INFLAMMATION AND MULTIPLE TRAUMA WITH SPECIAL 
EMPHASIS ON RELEASE OF GRANULOCYTIC LYSOSOMAL 
ELASTASE* 

JOCHUM M.1, DUSWALD K.-H.2, DITTMER H.2 and FRITZ H.1 

Department of C l i n i c a l Chemistry and C l i n i c a l Biochemistry* 
in the 
2 
Surgical C l i n i c s of the University of Munich 
Munich, FRG 

INTRDDUCTIDN 

Severe i n j u r y or i n f e c t i o n t r i g g e r the s o - c a l l e d i n flammatory 

response of the organism. This response i n c l u d e s b e s i d e s o t h e r 

r e a c t i o n s the a c t i v a t i o n of humoral Systems such as c l o t t i n g , 

f i b r i n o l y s i s , complement and k a l 1 i k r e i n - k i n i n cascades, and of 

v a r i o u s c e l l u l a r Systems, e s p e c i a l l y of phagocytes, mast c e l l s 

and lymphocytes, but a l s o of s t r e s s hormone p r o d u c i n g c e l l s . 

Phagocytes such as polymorphonuclear g r a n u l o c y t e s and macro-

phages c o n t a i n high numbers of lysosomes equipped w i t h a power-

f u l h y d r o l y t i c o r p r o t e o l y t i c p o t e n t i a l ( D i n g l e , 1977). Nor-

m a l l y the c e l l uses t h i s enzyme equipment, i n additiön to o x i -

d i z i n g agents, f o r mainly two purposes ( K l e b a n o f f and C l a r k , 

1978): 

( i ) the maintenance of the i n t r a c e l l u l a r p r o t e i n c a t a b o l i s m i n -

c l u d i n g the d e g r a d a t i o n of wasted endogenous s u b s t a n c e s , and 

( i i ) the defense of i n v a s i v e organisms by d e g r a d a t i o n a f t e r 

p h a g o c y t o s i s of v i r u s e s and b a c t e r i a . 

I f r e l e a s e d e x t r a c e l l u l a r l y , they may enhance the inflammatory 

response v i a two major r o u t e s ( F i g . 1 ) : 

An extented v e r s i o n of t h i s a r t i c l e w i l l be p u b l i s h e d i n C l i 
n i c a l Chemistry (H. F r i t z et a l . : G r a n u l o c y t e P r o t e i n a s e s as 
Med i a t o r s of U n s p e c i f i c P r o t e o l y s i s i n Inflammation.•A Review). 
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Granulocytes 

i 

Macrophages 

i 
Endothelial cells Mast cells 

L i b e r a t i o n of P r o t e i n a s e s 

" i i r 

S e l e c t i v e p r o t e o l y s i s Unspec i f i c p r o t e o l y s i s 

o proenzyme/cofactor activation • inactivation by degradation 

• biol. active peptides released • toxic peptides produced 

Specific consumption reaction 

E + I [EI] 

Unspecific consumption reaction 

AT III elastase „ 
active * AT in inactive 

F i g . 1. P r o t e o l y t i c processes due to l i b e r a t i o n of lysosomal 

p r o t e i n a s e s from v a r i o u s body c e l l s . 

S e l e c t i v e p r o t e o l y s i s l e a d s t o proenzyme and/or c o f a c t o r a c t i 

v a t i o n i n c l u d i n g the f o r m a t i o n of b i o l o g i c a l l y h i g h l y potent 

p e p t i d e s , as f o r example k i n i n s and a n a p h y l a t o x i n s . The p r o 

t e i n a s e s formed are e l i m i n a t e d by s p e c i f i c i n t e r a c t i o n s w i t h 

t h e i r t a r g e t i n h i b i t o r p r o t e i n s . Hence, r e a c t i o n mechanisms 

of high s e l e c t i v i t y are r e s p o n s i b l e f o r the s o - c a l l e d s p e c i f i c 

consumption of f a c t o r s of the c l o t t i n g , f i b r i n o l y s i s , comple-

ment and k a l l i k r e i n - k i n i n cascades. 

U n s p e c i f i c p r o t e o l y s i s means i n a c t i v a t i o n of s o l u b l e f a c t o r s or 

d e s t r u e t i o n of s t r u c t u r a l elements s i m p l y by p r o t e o l y t i c d i -

g e s t i o n . Such u n s p e c i f i c consumption r e a c t i o n s may be aecom-

panied a l s o by the p r o d u e t i o n of t o x i c p e p t i d e s l i k e , f o r ex

ample, the c l o t f o r m a t i o n i n h i b i t i n g f i b r i n / f i b r i n o g e n degra

d a t i o n p r o d u e t s / 

LYSOSOMAL PROTEINASES 

Of the lysosomal p r o t e i n a s e s known so f a r , e l a s t a s e and 
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c a t h e p s i n G, the n e u t r a l p r o t e i n a s e s from polymorphonuclear 

g r a n u l o c y t e s , deserve s p e c i a l i n t e r e s t . L i k e the a c i d i c t h i o l 

and a s p a r t a t e p r o t e i n a s e s , the v a r i o u s c a t h e p s i n s , they are 

s t o r e d i n the lysosomes i n f u l l y a c t i v e form. The most s t r i k -

i n g f e a t u r e of bo t h , e l a s t a s e and the c h y m o t r y p s i n - l i k e cathep

s i n G, i s an almost u n l i m i t e d cleaviage s p e c i f i t y CFig. 2). 

Lysosomal Proteinases (prefbrmed) 

neutral (pH 6-9) 

• Elastases 

* Cathepsin G 

° Collagenases 

° Kininogenases 

(Kallikreins) 

acidic (pH 3-7) 

• Cathepsin B 

• Cathepsins H, L 

• Cathepsins A, C 

• Cathepsin 0 

(Leukokininogenase) 

cleavage specificity: • broad; 0 high 

F i g . 2, Lysosomal p r o t e i n a s e s of ne u t r o p h i l - s . 

They are a b l e to degrade numerous humoral f a c t o r s i n c l u d i n g 

P r o t e i n a s e i n h i b i t o r s as w e l l as s t r u c t u r a l elements l i k e 

e l a s t i n and c o l l a g e n type I I I and IV at p h y s i o l o g i c a l pH. The 

P o t e n t i a l l y s o s o m a l d i g e s t i o n c a p a c i t y i n humans i s c l e a r l y 

demonstrated by the c a l c u l a t e d s y n t h e s i s r a t e of more than 1 g 

of n e u t r a l p r o t e i n a s e s per day. However, i n s i d e the c e l l s , the 

lysos o m a l p r o t e i n a s e s a re kept under c o n t r o l by e i t h e r assem-

blage i n membrane coated o r g a n e l l e s o r by P r o t e i n a s e i n h i b i 

t o r s p r e s e n t i n the c y t o s o l . 
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PLASMA PROTEINASE INHIBITORS 

Lysosomal p r o t e i n a s e s e s c a p i n g from t h e i r n a t u r a l t a r g e t c e l l s 

are f a c e d u s u a l l y w i t h potent a n t a g o n i s t s , the wellknown Pro

t e i n a s e i n h i b i t o r p r o t e i n s ( T r a v i s and S a l v e s e n , 1983). 

a ^ - M a c r o g l o b u l i n (cx^M) i n h i b i t s e f f e c t i v e l y s e r i n e p r o t e i n a s e s 

as w e l l as t h i o l , a s p a r t a t e and m e t a l l o p r o t e i n a s e s ; due to 

i t s h i g h m o l e c u l a r w e i g h t , i t s f u n c t i o n i s n o r m a l l y r e s t r i c t e d 

to t h e v a s c u l a r bed. 

q ^ - P r o t e i n a s e i n h i b i t o r (cx^PI), the major a n t a g o n i s t of the 

l y s o s o m a l n e u t r o p h i l e l a s t a s e , i s p r e s e n t i n remarkable high 

c o n c e n t r a t i o n i n b l o o d , but o c c u r s a l s o i n i n t e r s t i t i a l f l u i d 

and mucous s e c r e t i o n s . 

- A n t i c h y m o t r y p s i n (a^AC), a r a p i d l y r esponding acute phase 

r e a c t a n t - i t can reach up t o s i x times i t s normal c o n c e n t r a -

t i o n d u r i n g the inflammatory response - i s a potent i n h i b i t o r 

of l y s o s o m a l n e u t r o p h i l c a t h e p s i n G and mast c e l l chymase. 

Compared t o q^PI and q^AC, the plasma c o n c e n t r a t i o n s of the 

o t h e r given i n h i b i t o r s are c l e a r l y lower. N e v e r t h e l e s s , the 

P r o t e i n a s e i n h i b i t o r p r o t e i n s r e p r e s e n t a p p r o x i m a t e l y 60 % of 

the r e s i d u a l plasma p r o t e i n s a f t e r removal of albumin and the 

immunoglobulins. T h i s i s an i n d i r e c t i n d i c a t i o n upon the s i g -

n i f i c a n c e of P r o t e i n a s e i n h i b i t o r s as r e g u l a t o r y p r o t e i n s of 

the organism. 

The a s s o c i a t i o n between known plasma P r o t e i n a s e i n h i b i t o r s and 

t h e i r t a r g e t enzymes i s schematicälly compiled i n F i g . 3. 
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Ceti Stimulation / disintegration —t> Proteinase release 

T ~ 

Selective activation 
of blood Systems 

clotting 
fibrinolysis 
kallikrein 
complement > 

platelets, mast 
cells, phagocytes 

Proteinase 
inhibitors 

AT in 
a2PI 

C1 INA 

a,PI 
*,AC 
a 2M 
0,CI 

El 

R E S 

Unspecific inactivation 
by lysosomal factors: 
elastases, cathepsin G; 
cath.B,H,L; cath. D 

blood System factors 
Proteinase inhibitors 
Immunoglobulins 
tissue etc. proteins 

phago - / lymphocy tes 

F i g . 3. A c t i v a t i o n and consumption r e a c t i o n s : s p e c i f i c a c t i 

v a t i o n of blood Systems by s y s t e m - s p e c i f i c p r o t e i n a s e s t i e f t 

p a r t ) ? u n s p e c i f i c d e g r a d a t i o n of plasma f a c t o r s by lysosom a l 

p r o t e i n a s e s ( r i g h t p a r t ) ; complex f o r m a t i o n w i t h P r o t e i n a s e 

i n h i b i t o r s and e l i m i n a t i o n of the e n z y m e - i n h i b i t o r complexes 

by phagocytes of the r e t i c u l o e n d o t h e l i a l System (RESi cen

t r a l p a r t ) . 

E x c e s s i v e a c t i v a t i o n of blood Systems may be c o n t r o l l e d p r i -

m a r i l y by t h r e e i n h i b i t o r s : a n t i t h r o m b i n I I I (AT I I I ) r e g u l a t e s 

c l o t t i n g , a^-plasmin i n h i b i t o r (CL-,PI) f i b r i n o l y s i s , and C1 - i n -

a c t i v a t o r (C1-INA) both, the c l a s s i c a l complement pathway and 

the i n t r i n s i c c o a g u l a t i o n cascade, the l a t t e r by i n h i b i t i o n of 

plasma k a l l i k r e i n and Hageman f a c t o r , r e s p e c t i v e l y i t s low 

m o l e c u l a r weight fragment. 

The o c c u r r e n c e of complexes between a^-macroglobu1 i n and plasma 

k a l l i k r e i n o r pl a s m i n i n plasma under c e r t a i n p a t h o l o g i c a l con-

d i t i o n s i n d i c a t e s t h a t t h i s m u l t i f u n c t i o n a l g l y c o p r o t e i n i s 

a l s o i n v o l v e d i n the r e g u l a t i o n of the blood System cascades. 

However, p r e s e n t evidence suggests a predominant p r o t e c t i v e 
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r o l e of a ^ - m a c r o g l o b u l i n i n p r e v e n t i o n of u n s p e c i f i c p r o t e o 

l y s i s by i n h i b i t i o n of a l l types of l i b e r a t e d l y s o s o m a l pro

t e i n a s e s . Remarkable, i n humans a^M i s , i n c o n t r a s t t o cx^PI 

and a^AC, not an acute phase r e a c t a n t , a l t h o u g h i t i s supposed 

to be the most important endogenous plasma P r o t e i n a s e i n h i b i t o r . 

I n h i b i t i o n of a c t i v a t e d o r l i b e r a t e d p r o t e i n a s e s by the g i v e n 

i n h i b i t o r s means t h a t f o r m a t i o n of v a s o a c t i v e o r t o x i c Pep

t i d e s such as k i n i n s o r a n a p h y l a t o x i n s as w e l l as p r o t e o l y s i s -

induced S t i m u l a t i o n of c e l l u l a r Systems l i k e , f o r example, 

thrombin-induced p l a t e l e t a g g r e g a t i o n o r the a n a p h y l a t o x i n -

induced c h e m o t a c t i c response of g r a n u l o c y t e s , i s a l s o depres-

sed. T h e r e f o r e , r e d u c t i o n of the P r o t e i n a s e i n h i b i t o r y p o t e n t i a l 

of the organism by u n s p e c i f i c p r o t e o l y s i s r e p r e s e n t s one of the 

most s t r i k i n g p a t h o l o g i c a l e f f e c t s caused by l y s o s o m a l p r o t e i n 

ases. As we c o u l d show some years ago, AT I I I , f o r example, i s 

r a p i d l y i n a c t i v a t e d i n the presence of c a t a l y t i c amounts of 

n e u t r o p h i l e l a s t a s e (Jochum et a l . , 1981 a ) . 

The same holds t r u e f o r <x2PI and C1-INA (Brower and. H a r p e l , 

1982). Even-ct^PI, the major a n t a g o n i s t of n e u t r o p h i l e l a s t a s e , 

can be p r o t e o l y t i c a l l y i n a c t i v a t e d by a l y s o s o m a l m e t a l l o en-

zyme from macrophages (Bandaet a l . , 1980). Moreover, o x i d a t i o n 

of the methionine r e s i d u e i n the enzyme-reactive s i t e of -

P r o t e i n a s e i n h i b i t o r l e a d s to a s i g n i f i c a n t r e d u c t i o n of the 

a f f i n i t y of t h i s i n h i b i t o r to n e u t r o p h i l e l a s t a s e ( B e a t t y et 

a l . , 1980). Such o x i d i z i n g a g ents, f o r example, S u p e r o x i d e , 

h y d r o x y l r a d i c a l s and hydrogen p e r o x i d e , are produced i n high 

amounts i n the phagolysosomes t o f a c i l i t a t e i n t r a c e l l u l a r p r o

t e i n breakdown and may be r e l e a s e d s i m u l t a n e o u s l y w i t h the 

l y s o s o m a l enzymes under p a t h o l o g i c a l c o n d i t i o n s ( K l e b a n o f f and 

C l a r k , 1978). 

Hence, severe i n j u r y o r i n f e c t i o n can induce consumption of 

P r o t e i n a s e i n h i b i t o r p r o t e i n s v i a t h r e e pathways: 
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( i ) complex f o r m a t i o n w i t h l i b e r a t e d l y s o s o m a l or a c t i v a t e d 

plasma p r o t e i n a s e s , 

( i i ) i n a c t i v a t i o n by p r o t e o l y t i c d e g r a d a t i o n , and 

C i i i ) i n a c t i v a t i o n by o x i d a t i v e d e n a t u r a t I o n . 

The l a t t e r mechanism deserves s p e c i a l i n t e r e s t i n view of the 

proposed p a t h o l o g i c a l e f f e c t i v e n e s s of n e u t r o p h i l e l a s t a s e . 

Although the o x i d i z e d - p r o t e i n a s e i n h i b i t o r i s s t i l l c a p a ble 

to r e a c t s l o w l y w i t h n e u t r o p h i l e l a s t a s e , the complex thus f o r -

med i s r e a d i l y d i s s o c i a t e d by S u b s t r a t e s e x h i b i t i n g high a f f i -

n i t y f o r e l a s t a s e , f o r exarnple, e l a s t i n , t h a t means, the o x i d i 

zed i n h i b i t o r cannot h i n d e r e l a s t a s e to d i g e s t n a t u r a l t a r g e t 

S u b s t r a t e s . Remarkable, i n c o n t r a s t t o the n a t i v e i n h i b i t o r , 

o x i d i z e d - p r o t e i n a s e i n h i b i t o r does not r e a c t at a l l . w i t h 

p a n c r e a t i c e l a s t a s e . 

RELEASING PROCESSES AND MEASUREMENT OF LIBERATED LYSOSQNAL 

PROTEINASES 

Most i n t r i g u i n g i s the q u e s t i o n c o n c e r n i n g the mechanisms r e -

s p o n s i b l e f o r a more o r l e s s d r a m a t i c escape of l y s o s o m a l 

f a c t o r s from w i t h i n the c e l l s ( F i g . 4 ) . 

Whereas o n l y s m a l l amounts s h o u l d l e a k out d u r i n g normal phago-

c y t o s i s , r e l a t i v e l y high amounts c o u l d be e x c r e t e d d u r i n g f r u s -

t r a t e d p h a g o c y t o s i s when the phagocyte i s unable to take up a 

c o m p a r a t i v e l y huge s t r u c t u r a l element, as f o r example a vas-

c u l a r plasma membrane or p a r t s of c a r t i l a g e . D i s i n t e g r a t i o n 

p r o c e s s e s caused by endogenous or exogenous e n d o t o x i n s , even-

t u a l l y i n c o m b i n a t i o n w i t h complement l y s i s , are most dra m a t i c 

events l e a d i n g t o r e l e a s e of a l l l y s o s o m a l o r phagolysosomal 

c o n s t i t u e n t s . 

N e u t r o p h i l e l a s t a s e l i b e r a t e d under such c o n d i t i o n s i s p r e s e n t 

i n the c i r c u l a t i o n p r i m a r i l y i n form of the e l a s t a s e - a ^ - P r o t e i n 

ase i n h i b i t o r (E-a, (PI) complex ( F i g . 5 ) . A s m a l l amount of neu

t r o p h i l e l a s t a s e may be bound a l s o t o o ^ - m a c r o g l o b u l i n (a^M), 

however, compared t o the E-a^PI complex the E-a^M complex i s 
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much more r a p i d l y e l i m i n a t e d from the c i r c u l a t i o n ( t 
1/2 10 

min v e r s u s 1 h) so t h a t e s t i m a t i o n of E ~ a

2

M complexes i n 

plasma needs s p e c i a l assays of extreme s e n s i t i v i t y . I 

^tjlj^tgsmg Enobtihg" Lysosomal P r o t e i n ^ Releose 

s P ! ^ 7 ^ ; P r ^ ^ S € § 
itatioa "fn^straj«! pbagocytosis ' 

F i g . 4. V a r i o u s r e l e a s i n g processes of lysosom a l p r o t e i n a s e s 
from w i t h i n the c e l l . 

F i g . 5. L i b e r a t i o n of ly s o s o m a l e l a s t a s e (E) due t o d i f f e r e n t 

S t i m u l i and complex f o r m a t i o n w i t h - p r o t e i n a s e i n h i b i t o r 

(cx^PI) as w e l l as (to a much l e s s e x t e n t ) o ^ - m a c r o g l o b u l i n 
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E-a^PI l e v e l s ( F i g . 6) can be measured e x a c t l y w i t h a newly 

developed enzyme-1inked immunoassay (Neumann et a l . , 1981). 

B r i e f l y , plasma samples o r o t h e r body f l u i d s a re in c u b a t e d i n 

p l a s t i c t u bes coated w i t h sheep a n t i b o d i e s d i r e c t e d a g a i n s t 

human n e u t r o p h i l e l a s t a s e . A f t e r two washing s t e p s , the s u r f a -

c e - f i x e d E-a^PI complex i s exposed to r a b b i t a n t i b o d i e s d i r e c 

t e d a g a i n s t human o^PI» These a n t i b o d i e s are labeUed w i t h a l -

k a l i n e Phosphatase. Under the c o n d i t i o n s used, the amount of 

bound a l k a l i n e Phosphatase i s p r o p o r t i o n a l t o the c o n c e n t r a t i o n 

of E-a.PI i n the a p p l i e d sample. 

F i g . 6. P r i n c i p l e of the enzyme-linked immunoassay used f o r 

d e t e r m i n a t i o n of the e l a s t a s e - a ^ - p r o t e i n a s e i n h i b i t o r complex 

( E - o ^ P I ) . 

ab-E = a n t i b o d i e s a g a i n s t human g r a n u l o c y t i c e l a s t a s e 

ab-a^PI (-AP) = a n t i b o d i e s a g a i n s t human - p r o t e i n a s e i n h i 

b i t o r , l a b e l l e d w i t h a l k a l i n e Phosphatase. 
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CLINICAL STUDIES 

M u l t i p l e organ f a i l u r e d u r i n g severe i n f l a m m a t i o n o r a f t e r 

Polytrauma concerns p r i m a r i l y l u n g s , l i v e r and k i d n e y s . These 

organs are e s p e c i a l l y r i e h i n the f o r m e r l y mentioned c e l l s con-

t a i n i n g high numbers of lysosomes. In a d d i t i o n , r a p i d accumu-

l a t i o n of polymorphonuclear g r a n u l o c y t e s i n the lungs d u r i n g 

the inflammatory response i s a l s o a well-known phenomenon. 

Hence, a c o n n e c t i o n between the c l i n i c a l l y observed sequence 

of organ f a i l u r e and the i n h e r e n t l y s o s o m a l f u n c t i o n a l capa-

c i t y of an organ sho u l d be s e r i o u s l y c o n s i d e r e d . 

N e u t r o p h i l e l a s t a s e r e l e a s e a f t e r major abdominal s u r g e r y 

In our f i r s t p r o s p e c t i v e c l i n i c a l study the plasma l e v e l s of 

the E-a^PI complex were measured i n s u i t a b l e i n t e r v a l s i n more 

than 120 p a t i e n t s s u b j e c t e d to major abdominal s u r g e r y f o l l o w e d 

e i t h e r by u n c o m p l i c a t e d r e c o v e r y o r i n f e c t i o n . Of the l a t t e r 

group, o n l y 30 p a t i e n t s f u l f i l l e d previoüsly d e f i n e d and ge-

n e r a l l y aeeepted s e p t i c c r i t e r i a (Jochum et a l . , 1983). Of 

t h e s e p a t i e n t s f o u r t e e n s u r v i v e d the i n f e c t i o n (group B ) , 

whereas s i x t e e n d i e d due to severe s e p t i c e m i a (group C). The 

e l e v e n p a t i e n t s of the c o n t r o l group A r e c o v e r e d from the 

O p e r a t i o n w i t h o u t c o m p l i c a t i o n s . 

Compared to h e a l t h y i n d i v i d u a l s o r p r e o p e r a t i v e v a l u e s 

(below 110 ng/ml), the o p e r a t i v e trauma caused an up to t h r e e -

f o l d i n c r e a s e of the E-o^PI plasma l e v e l s ( F i g . 7 ) . 

The e l e v a t e d p r e o p e r a t i v e mean v a l u e of group C was caused by 

6 p a t i e n t s b e i n g i n f e c t e d a l r e a d y b e f o r e O p e r a t i o n ; the s l i g h t 

e a r l y p o s t o p e r a t i v e decrease was p r o b a b l y due t o s u r g i c a l e l i -

m i n a t i o n of the i n f e c t i o n f o c u s . 

In c o n t r a s t to group A, group B and C p a t i e n t s m a i n t a i n e d 

moderately e l e v a t e d E-a.PI l e v e l s f o r s e v e r a l days a f t e r oper-

a t i o n . At the time of d i a g n o s i s of s e p t i c e m i a , h i g h l y s i g n i f i -

c a n t l y e l e v a t e d E-a.PI l e v e l s were measured c o r r e s p o n d i n g t o 
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an up t o s i x f o l d r e s p e c t i v e l y t e n f o l d I n c r e a s e i n group B and 

C- I n d i v i d u a l peak l e v e l s were found t o be as high as 2 500 ng/ 

ml i n both groups. 

A : 8 . 

B s p 

betöre öp after op. 'before r otjset4 course DvR 0 
sepsis of ŝ psis Vf ffsp^s 

* iis. ns, p<0.0006 , - > O ^ < . 0 , 0 0 2 5 " n Ä 
p< 0.025 p<O.01 p<0.0005, ; v V j W * 0 0 0 5 % p < 0 0 1 2 „ 
p< 0 .025 as p< 00125 n*. |»<0<0p05 p< 0.0125 

F i g . 7. Plasma l e v e l s of e l a s t a s e - a ^ - p r o t e i n a s e i n h i b i t o r 

complex (E-a^PI) i n p a t i e n t s s u b j e c t e d t o major abdominal s u r 

gery. 

A = p a t i e n t s (n = 11) bein g w i t h o u t pos'toperative i n f e c t i o n 

B = p a t i e n t s (n = 14) s u r v i v i n g p o s t o p e r a t i v e s e p t i c e m i a 

C = p a t i e n t s (n = 16) d y i n g as a r e s u l t of s e p t i c e m i a . 

The E-a^PI l e v e l s are g i v e n as mean v.alues (- SEM) f o r the day 

before O p e r a t i o n , the day a f t e r O p e r a t i o n as w e l l as f o r the 

p o s t o p e r a t i v e phase b e f o r e s e p s i s , at onset of s e p s i s and du

r i n g s e p t i c e m i a . Last d e t e r m i n a t i o n were done on day of d i s -

charge (D) f o r group A, on day of r e c o v e r y (R) f o r group B, 

and b e f o r e death (D o r | ) f o r group C. 

nv = normal v a l u e 
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Most i n t e r e s t i n g l y , i n p a t i e n t s w i t h p e r s i s t i n g s e p t i c e m i a the 

E-a^PI l e v e l s remained high u n t i l l e t h a l outcome (group C) 

whereas r e c o v e r y from s e p t i c e m i a was r e f l e c t e d by a concomi-

t a n t decrease of the E-a^PI l e v e l s t o the normal ränge. 

P a r a l l e l to the E-cx^PI l e v e l s the plasma c o n c e n t r a t i o n s of 

o t h e r f a c t o r s , expected t o show a t y p i c a l response to i n f l a m 

matory S t i m u l i , were a l s o measured. The c o n c e n t r a t i o n p a t t e r n 

of a n t i t h r o m b i n I I I , the most important r e g u l a t o r y i n h i b i t o r 

p r o t e i n of the c l o t t i n g cascade, turned out t o be j u s t o p p o s i t e 

t o t h a t of the E-a^PI complex ( F i g . 8 ) . E s p e c i a l l y at onset of 

s e p s i s and d u r i n g s e p t i c e m i a , a n t i t h r o m b i n I I I l e v e l s are r e a -

ched, which have t o be c o n s i d e r e d as c l i n i c a l l y c r i t i c a l as 

f a r as the r i s k of h y p e r c o a g u l a b i l i t y or d i s s e m i n a t e d i n t r a -

v a s c u l a r c o a g u l a t i o n i s concerned. 

Fi'g. 8. Plasma l e v e l s of 

the i n h i b i t o r y a c t i v i t y of 

a n t i t h r o m b i n I I I (AT I I I ) 

compared to the amount of 

the e l a s t a s e - a ^ - p r o t e i n a s e 

i n h i b i t o r complex (E-a^PI) 

i n p a t i e n t s s u b j e c t e d tb 

major abdominal s u r g e r y . 
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The c o n c e n t r a t i o n p a t t e r n s found f o r c o a g u l a t i o n f a c t o r X I I I 

(F X I I I ) , the f i b r i n s t a b i l i z i n g t r a n s g l u t a m i n a s e , and a.^~ 

m a c r o g l o b u l i n were very s i m i l a r t o t h a t of a n t i t h r o m b i n I I I , 

as summarized i n F i g . 9: 

Plasma levels, elevated (I) or decreased ( t ) : 
(• \) highly signif. (•) signif. (n) normal 

Parameter Sepsis Prefinai Survival 

E- otj PI compttx e il H n 

Antithrombin m a ll l l n 

Factor Xm a l l il n 

a2-Hacroglobulin o Ii Ii n 

c u II «-» 

C-reacttvt prottin « tt ft n 

ott - Proteinase Mitbitor « n-J 
«-» •-1 

oc2-Ptaanin inhibitor n n n 

Ott -AntichyÄotrypsin i n n 

C1 Inactivator « n 

n n n 

a activity assay c concentration assay 

F i g . 9. C o r r e l a t i o n bet-

ween plasma l e v e l s of 

E-cx^PI and o t h e r plasma 

f a c t o r s i n p a t i e n t s s u f -

f e r i n g from s e p t i c e m i a 

a f t e r major abdominal s u r 

gery . 

High l e v e l s of E-a^PI were found at onset of s e p s i s and p r e f i 

nai,- these v a l u e s n o r m a l i z e d i n s u r v i v o r s . Simu l t a n o u s l y , low 

l e v e l s of AT I I I , a^M and F X I I I o c c u r r e d i n s e p s i s and p r e -

f i n a l , whereas they n o r m a l i z e d i n • s u r v i v o r s . The l e v e l s of the 

acute phase r e a c t a n t C - r e a c t i v e p r o t e i n (CRP) p a r a l l e l e d main-

l y the E-a^PI, but turned out to r e f l e c t the course of s e p s i s 

much l e s s s p e e i f i c a l l y . 

In c o n t r a s t , the o t h e r g i v e n p r o t e i n a s e i n h i b i t o r s d i d not show 

s i g n i f i c a n t c o r r e l a t i o n s t o E-a^PI. This b e h a v i o u r might be es-

p e c i a l l y caused by the f a c t t h a t these p r o t e i n a s e i n h i b i t o r s 
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are acute phase r e a c t a n t s as w e l l . T h e r e f o r e , the consumption 

of the i n h i b i t o r s due t o complex f o r m a t i o n w i t h t h e i r t a r g e t 

enzymes or o t h e r i n a c t i v a t i o n r e a c t i o n s might be compensated 

by the enhanced p r o d u c t i o n of these p r o t e i n s d u r i n g i n f l a m -

ma t i o n . 

Summing up, the r e s u l t s of t h i s c l i n i c a l study c l e a r l y showed 

t h a t i n inflammatory d i s e a s e s a c o r r e l a t i o n e x i s t s between the 

r e l e a s e of a l y s o s o m a l enzyme marker, the n e u t r o p h i l e l a s t a s e , 

and the c l i n i c a l S i t u a t i o n of the p a t i e n t , r e s p e c t i v e l y the 

consumption of s e l e c t e d plasma f a c t o r s . We take t h i s as a c l e a r 

i n d i c a t i o n t h a t l i b e r a t e d l y s o s o m a l f a c t o r s and e s p e c i a l l y neu

t r o p h i l p r o t e i n a s e s c o n t r i b u t e s i g n i f i c a n t l y t o the inflamma

t o r y response of the organism by u n s p e c i f i c d e g r a d a t i o n of p l a s 

ma and o t h e r f a c t o r s . T h i s view i s a l s o supported by r e s u l t s of 

e x p e r i m e n t a l animal s t u d i e s performed more r e c e n t l y (Jochum et 

a l . , 1981b). E a r l y a p p l i c a t i o n of p o t ent exogenous p r o t e i n a s e 

i n h i b i t o r s c o u l d prevent o r at l e a s t d i m i n i s h h i g h l y s i g n i f i -

c a n t l y e n d o t o x i n - i n d u c e d consumption of v a r i o u s plasma f a c t o r s 

i n c l u d i n g AT I I I and F X I I I . 

N e u t r o p h i l e l a s t a s e r e l e a s e a f t e r Polytrauma 

In a p r e l i m i n a r y study r e l e a s e of g r a n u l o c y t i c e l a s t a s e i n t o 

plasma was f o l l o w e d up every 4 hours i n p a t i e n t s who s u f f e r e d 

from m u l t i p l e trauma. The i n c r e a s e of the E-ct^PI complex up to 

16 hours a f t e r a c c i d e n t c o i n c i d e d c l e a r l y w i t h the s e v e r i t y of 

the i n j u r y ( F i g . 10), the degree of i n j u r y being e s t a b l i s h e d 

on the b a s i s of a h o s p i t a l i n t e r n a l s c a l e r a n g i n g from 1 - 2 0 

p o i n t s . Group I p a t i e n t s (5 t o 7 p o i n t s ) showed a maximal i n 

c rease of E-a^PI up t o 5 - f o l d above normal v a l u e s and group I I 

p a t i e n t s (9 t o 11 p o i n t s ) up t o 1 0 - f o l d . In group I I I (14 t o 

17 p o i n t s ) peak l e v e l s h i g h e r than 2 0 - f o l d above normal were 

measured. During the f u r t h e r O b s e r v a t i o n p e r i o d (up to 100 h) 

a s i g n i f i c a n t decrease of E-a^PI plasma l e v e l s towards normal 

v a l u e s was observed i n a l l p a t i e n t s . 
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F i g . 10. Plasma l e v e l s of E-rXjPI complex i n p a t i e n t s a f t e r 

m u l t i p l e trauma. On the b a s i s of a h o s p i t a l i n t e r n a l s c a l e w i t h 

20 £oints (HISP) p a t i e n t s were a l l i e d t o 3 groups r e f l e c t i n g 

the s e v e r i t y of i n j u r y (I milde? I I s e v e r e ; I I I h i g h l y s e v e r e ) : 

Group p a t i e n t s (n) HISP 

I 12 6.3 - 0.6 

I I 11 10.0 - 1.0 

I I I 4 1 5 . 3 - 1 . 0 

Normal ränge of E-CL|P1: 60 - 110 ng/ml 

S u r p r i s i n g l y , no c o r r e l a t i o n between the amount of complexed 

e l a s t a s e and o t h e r plasma f a c t o r s , e. g. a n t i t h r o m b i n I I I , f a c -

t o r X I I I , P r o t h r o m b i n , a ^ - m a c r o g l o b u l i n , Plasminogen, and 

a ^ - a n t i p l a s m i n c o u l d be demonsbrated so f a r . 
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To see, whether t h i s might be due to massive blood t r a n s f u s i o n s 

i n Polytrauma p a t i e n t s , we measured the a c t i v i t i e s of s e v e r a l 

plasma p r o t e i n s i n s t o r e d b l ood as a f u n c t i o n of the s t o r a g e 

p e r i o d . The a c t i v i t i e s of the plasma p r o t e i n s a n t i t h r o m b i n I I I , 

Prothrombin and O C - m a c r o g l o b u l i n were i n the ränge of normal 

f r e s h l y drawn blood and st a y e d q u i t e s t a b l e throughout the s t o 

rage p e r i o d , whereas the complexed e l a s t a s e i n c r e a s e d c o n s i -

d e r a b l y up t o more than 6 0 - f o l d of normal w i t h i n 35 days (da t a 

not shown). From these o b s e r v a t i o n s and the r e s u l t s seen i n 

Polytrauma p a t i e n t s we draw two c o n c l u s i o n s : 

( i ) Due to massive blood t r a n s f u s i o n s and r e l a t i v e l y long h a l f 

l i f e p e r i o d s of the blood p r o t e i n s p r obably a l s o i n the c i r c u -

l a t i o n , the c o n c e n t r a t i o n of these f a c t o r s i n p a t i e n t s ' p l a s m a 

are n e a r l y not i n f l u e n c e d by the e a r l y endogenous l i b e r a t i o n 

of gränulocytic e l a s t a s e a f t e r P olytrauma. 

( i i ) High l e v e l s of complexed e l a s t a s e i n p a t i e n t s ' plasma 

might be a l s o caused by blood t r a n s f u s i o n s . 

However, i n a more d e t a i l e d i n v e s t i g a t i o n comparison of the 

E-OCjPI l e v e l s i n p a t i e n t s ' plasma w i t h h y p o t h e t i c l e v e l s -

c o n s i d e r i n g böth: the amount of complexed e l a s t a s e a d m i n i s t e r e d 

w i t h the t r a n s f u s e d blood and the e l i m i n a t i o n of the complex 

from the c i r c u l a t i o n ^ ^ / 2 a P p r o x . 1 h ) - showed no c o i n -

c i d e n c e at a l l . P r o b a b l y , i n p a t i e n t s r e c e i v i n g massive blood 

t r a n s f u s i o n s a r e l a t i o n s h i p between n e u t r o p h i l e l a s t a s e r e 

l e a s e and consumption of humoral f a c t o r s i s measurable o n l y l o -

c a l l y , e. g. i n lung lavage f l u i d o r blood samples of the 

wounded o r in f l a m e d a r e a . N e v e r t h e l e s s , the high E-cX^PI l e v e l s 

o c c u r i n g i n s e v e r e l y i n j u r e d p a t i e n t s are a c l e a r i n d i c a t i o n 

of a s t r o n g inflammatory response ongoing i n the organism. 

CONCLUSIONS 

In severe inflammatory p r o c e s s e s , m u l t i p l e trauma o r shock v a r 

i o u s c e l l s l i k e n e u t r o p h i l s , macrophages, e n d o t h e l i a l c e l l s and 

mast c e l l s are s t i m u l a t e d o r d i s i n t e g r a t e d . In t h i s way a high 
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p o t e n t i a l of l y s o s o m a l enzymes i s r e l e a s e d of which the pro

t e i n a s e s are of s p e c i a l p athogehic e f f e c t i v e n e s s . Recent s t u -

d i e s i n our l a b o r a t o r y and by o t h e r s ( E g b r i n g et a l . , 1977) i n -

d i c a t e s t r o n g l y t h a t s u b s t r a t e - u n s p e c i f i c p r o t e o l y s i s by l y s o 

somal p r o t e i n a s e s , e s p e c i a l l y by the n e u t r o p h i l e l a s t a s e , con-

t r i b u t e s to a s i g n i f i c a n t degree t o the consu p t i o n and/or de

g r a d a t i o n of e x t r a c e l l u l a r s ubstances i n such d i s e a s e s . The 

amou'nt of the E-a^PI complex r e f l e c t s the i n t e n s i t y of both 

the inflammatory S t i m u l u s and the response of the n e u t r o p h i l s . 

Hence, i n most cases an i n c r e a s e of the E-a^PI l e v e l i n the 

c i r c u l a t i o n r e p r e s e n t s a s y s t e m i c s i g n a l of a l e c a l i n f l a m 

matory event. T h e r e f o r e , the c l i n i c a l S i t u a t i o n of the pa-

t i e n t has t o be c a r e f u l l y c o n s i d e r e d f o r d i a g n o s t i c i n t e r p r e -

t a t i o n of E-ct^PI l e v e l s i n plasmat Neverthe e s s , t o a v o i d a 

d e l e t e r i o u s endogenous p r o t e i n a s e - p r o t e i n a s ^ i n h i b i t o r imba-

l a n c e , e a r l y a d m i n i s t r a t i o n of c o n v e n i e n t exogenous i n h i b i t o r s 

d i r e c t e d a g a i n s t l y s o s o m a l enzymes s h o u l d have a p o s i t i v e 

t h e r a p e u t i c e f f e c t a l s o i n humans. 
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DISCUSSION 

E L Ö D I , S.: 

Did you measure the amount of AT-III i n septic patients? 

If the amount of antigen i s in the normal ränge, one could 

d i f f e r e n t i a t e whether the decreased a c t i v i t y i s either 

due to consumption or to proteolytic damage on the i n 

h i b i t o r , since AT-III modified by proteolysis may s t i l l 

hold antigenic properties. 

JOCHUM: 

Unfortunately, immunological methods such as one- or two-

dimensional immunoelectrophoresis can not d i f f e r e n t i a t e 

between antithrombin III complexed with thrombin and a n t i 

thrombin III degraded by elastase. We have done these 

experiments several years ago. 

BOHLEY; 

I wonder i n what kind of lysosomes metallo-proteinases may 

occur. 

JOCHUM: 

It was reported that macrophages contain an elastase - l i k e 

Proteinase which was i d e n t i f i e d as a metallo-proteinase. 
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