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AB STRACT

THE EFF ECT OF SYN TH E T I C  PROTEA SE I N H I B I T O R S  ON LY SOSOMA L
ENZYME RELEASE FROM HUMAN N E UTROPIH LS

By

David L. McClov

‘ ‘ Serine esterase activity has been implicated in the

neutrophil function of lysosoma l enzyme release. To better

characterize this esterase role and its possible plurality,

the effect of synthetic protease inhibitors on complement-

an d noncom plement-mediated enzyme secretion was investigated .

Noncytotoxic , selective degranulation was achieved by

exposing human neutrophils to either 10% Zymosan-Activated
i-’. ~~~~~~~~~

Plasma (:Ar) or ]6r’~ M N-formyi -Methionyl -Phenyl alanin c

• (fMP) in the presence of 5 ~tg/ml of Cytochalasin B. The

majority of the releasing capability generated with ZAP ~~~

shown to he C S - r e l a t e d  u s i n g  C S - d e f i c i e n t  p l a sma . Lvso~ o m a I

m a r k e r s  assayed were B e t a -Glu c u r o n i d a s e  for  p r i m a r y  g r a n u l e

response and Lysozyme for  secondary g r a n u l e  i n v o l v e m e n t .

The i n h i b i t o r s  were used to p r e t r e a t  the  c e l l s  or were

added c o n c o m i t a n t l y  w i t h  the  r e l ea s ing  s t i m u l u s .  The t r y p t i c

inac tiva tor TLCK inh ib it ed bo th pr imar y and second ary granu le

release regardless of the stimulus and Inactivation protocol.

The chymotryptic Inhibitor , TPCK , on ly blocked fMP-induced

I~I.. - ~~~~~~~~ ~~~
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release In the absence of inducer; however , when present

with either stimulus , secondary granule secretion alone was

inhibited. The sulfonyl halide , PMSF , did not impede

release under any of the expe rimental conditions. The

chymotrypsin model substrate , BTEE , b lo cked seconda ry

release by both ZAP and fMP only when present with the

secretory stimuli. Its counterpart for trvp tic activit y ,

TAME , had no effect on release.

These studies suggest the involvement of tryptic and

chymotryptic activated esterases in lysosomal enzyme

release from human neutrophils. Their role may be discrimi-

natory with regard to both the releasing stimulus and

granule response. ~
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INTRODUCTION

An i n f l a m m a t o r y  r e a c t i o n  cu lmina t e s  the body ’s cel lu-

lar response to an infectious challenge; however , d u r i n g

the process  the pro tec t ive func t ion of the neu troph i l is

ov er shadowed by the dele ter ious  e f f e c t of it s ly sosom al

cons t ituen ts on the su r round ing  t issues (18 ,22 ,34).

Enzymes  are released ei ther du r ing  phagocy tosis by regur g i-

tation during f eed ing  or when the cell s encoun ter a non-

phagocytosable surface by reverse endocytosis (69).

Factors which are chemotactic for neutrophils will also

promo te lysosomal degranulation . These inLiude complement-

derived factors such as the active fragments ~ 4rti~~~~~~~~
and fifth components of compleme~ ç3a— nd Csa (10 ,11)

as we l l as serum or p~ — c tivated through the alternate

complemen t p~~~j~a7~ zymosan ( 27) :  a bac ter ia l  chemo tac t ic

and synthetic di- and tripeptides forinylated

their N-termini (10,5 5 ) .  The release induced by these

chemotactic substances is enhanced significantly when the

neutrophils are exposed to the fungal metabolite Cytochalasin

B (27 ,55). This drug disrupts contractile microfilament

function and inhibits chemotaxis as well as phagocytosis at

concentrations that cause increased lysosema l secretion

(9,75 ,76). Thus , the use of CB-treated neutrophils provides

1
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a mo de l  s y s t e m  L o r  the st u d ~ of 1~~sosoma1 deg r anuli t ion in

t h e  absence o I’ pha~~~~ tos is . B~’ t h e i r  i nh ib  i t  i o n  ~ it 11 PEP ,

the neu t  roph  i i  t u n e  t ~ 0f l S  o h  ch emo ta ~ i s , phago cyt o’~ i s  and

Iv sosoma I en zvmo re 1 ease demonst rate the ro 1 e of  one or

IHO i t ’  SO F i nO CS t Cr8 SOS I l l  the a~’ t i vat i L~~Ii C I t ?ie~ t’ li l t C F —

I L ’ h a t e d  p r o c e s  sOs (1 1  , 51 , b ’ ) . The svn t hot i c inhibitors

TPC K and T I C K , spec i fic f o r  e h v m o t r y p s  i n — I  i k e  and t r v p s  i n —

l i k e  es t er a s e s  , r e s p e c t  i ve l  ~• , i r r e v e r s  ib  1 i na~ t i v a t  o t h e

c h e m o t a c t  ic response  t o  C3a and CSa ~2 , 2 5 )  . These  i n h i b  i -

t o r s  a l s o  b l o c k  the ab i i i  tv  of  n eu t  r oph i i  s to h dro  I v  ze

chemotac tic pept ides , w h i l e  I nil i h i t  i ng n eut  r oph  i i  d i r e c t e d

m i  g r a t  ion to CSa , lICE , and fMP . The chemotac t I c r e s p o n s e

to these f a c t o r s  i s  compet  i t  iv e l  i n h i b i t e d  1w t h e  model

suhst r a t e  fo r  ch vm o t r v p s  in  a c t i v i t , tI T LE ( 3 ) . S i n c e

c o r r e l a t i o n  c o e f f i c i e n t s  a t - .— i ~~iiThetween c h e m o t a x  i s  and

I v s os oma  I sec re t  ion  when  eel Is  a r e  st i nni l a ted by N — fo r m v  1 ate~l

sv nt  h ot  Ic  pept  ides  (1 3 )  , p er h a p s  t 11050 c e l l  f un c t  i o n s  demon -

s t r a t e  d i f f e r e n t  or s i m i l a r  i n h i b i t o r y  r e sponses  to more

spec i f i  c j~rot ci nase  i n h i b i t o r s .

The purpose  of t h i s  s tud  i s  to  d i s c e r n  t h e  e f f e c t  of

c e r t a  in  p r o t e in a s e  i n h i b i t o r s  on t h e  l v s o s om a l e n z y m e

re l ea se  of C B - t r e a - t e d  human  n e u t r o p h i l s  s t i m u l a t e d  w i t h

AP and f M P .  T h i s  ma y  f u r t h e r  d e l i n e a t e  the  c h a r a c t e r i s t  i c s

of the s e r i n e  e s t e r a s e  i n v o l v e m e n t  w i t h  t h i s  n eu t r o p h i l

process. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~ - ___
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Tue nO 1 1118 I Po I Vill O r p honuc  I ea i. 1 euk o c v to ( PMN ) con -

t a  i n s  t w o  g r a n u l e  t vpes based  upon staining with ~~ i g h t  —

( i  emsa s t a in wh i cii i s used rou t  inc v fo r  ina k i I I S per i j ) 1lc ra I

h i  oo~I s me a r s  . Pur i n g  g r a n u  I opo i ot I c m a t  u r a  t ion  , a zu r o p h  i i i  c

( P r i m a r y )  g r a n u l e s  ar e  f o r m e d  first at  t h e  p r o m y c l o c y t e

s t a g e ~di i i  c t he Spec i lie ( secenda  rv  ) g r a n t i  1 os a re  no t  f o u n d

un t  i i  t h e  more  m a t u r e  m c i  oc te  st age . Two — t h  i i d  s of t h e

g r a n u l es of t h e  m a t u r e  PMN a r e  spec i f i c  w i t h  t h e  r e m a i n d e r

he in g  a z u r o p h i  l i e .  (‘v t o c h o m i c a l  s t u d i e s  u s i ng  elec t ron

microscop y show t h a t  t h e  pi.imar lvsosome s c o n t a i n  p e r o x i d a s e

and acid hvdrola ses such as acid p h o sp h a t a s e  and beta—

g l u c u r on i d a s e .  t h e  s e c o n d a ry  ly s o s om e s  lack acid h v d r o l a s e s

and p er o x i d a s e  ; how eve r , t h e y  do c o n t a  in  a l k a l i  no 1)110 51)118 tase

some n e u t r a l  p r o t ea s e s  , and b a c t e r i c  idal s ub s t a n c e s  such  as

lv s o~ vme ( m u r a m i d a s c ) .  O n e — t h i r d  of t h i s  e n z y m e ’s tot al

l y sosoma l c o n t en t  is a l s o  found in t h e  p r i m a r y  g r a n u l e

(S , ( i )  . The d e g r a n u l a t  ion  of Iv s o s o m a l e n 7 v m e s  i s  a s e c r e—

t o r y  p rocess  t h a t  occur s in a sequen t ial m a n n e r  wi  L h  sec o n d a ry

gr a nul e s e c r e t i o n  p r e c e d i n g  p r i m a r y  (~‘ , 3 2 )  . T h i s  mar be

r e l a t e d  to t h e  f a c t  t h a t  s econda ry  g r a n u le s  arc p a r t i c u l a r l y

acce ssible for extrac cli ular release (431 . Morpholog ical

-.
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s t u d i e s  u s i n g  a d i s c o n t i n u o u s  sucrose  g r a d i e n t  d e m o n s t r a t e

a h et e r o g en e  i t v  of I v so s o m e  popula t ions i n  r a h h  i t  and

hum~’a P MNs beyond the  speci  f Ic and a z u r o p h  i l i e  s t a  ining

of granules. Smal l , low-densi ty granules w h i c h  are speci-

fic con tain alkaline phosphatase and most of the i soz ine

ac tivit y . The lar ge high-density granules which ai- e azuro-

phi l ic con tain peroxidase , the remainder of the lrsozyine

ac tivit y , and mos t of the acid hydrolase s . A morph olo g i-

callV hetero geneous fraction contains the remainder of

the acid hydrolases , hu t no mveloperoxida se (5,’l) . A

discon t inuous sucrose grad i~’nt of human neutrophi l lysates

separa tes the granules into two high-densit y azurophilic

bands while the specific l~ sosomes colla te in to a band of

lesser densi ty (74) . All of these stud ies indica te there

are two populations of azurophilic l sosomes and one lioNi-

la tion of specific granules. Besides the digestive and

bac tericidal properties of lysosoma l enzymes , they are also

capable of in teracting with components of the complement

system . Incubation of lvsosomal enzymes from human PMN s

wi th Cl , C3 , or C5 at a neutra l pH has shown alterations

usually associated with the sequential immunolog ic ac t iv a-

tion of the complement system (61). Cl esterase can he

activated (61) and then subsequcnt1~ inac t iv at ed ( h 2 )  wi t h

incuba tion. C3 is cleaved into large and small fragments

and more recen tly it has been shown that human leukocyte

~lastase cleaves C3 into fragments which can be partially

charac terized (63). Within the neutrophil lysosome s are
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i ieut  i’al p r o t e a s e s  w h i c h  b o t h  ac t  i v a t e  CS ((~8) and i n a ct  j -

v a t e  C S a , t he c h e i n o t a c t i c  f r a g m e n t  of CS ( 7 3 ) .  Bo th  of

t h e s e  e n :y m e s  a re  found  i n  s e p a r a t e  g r a n u l e s  and s u bj e c t

to  s e q u e n t i a l  r e l e a s e .  The CSa g e n e r a t i o n  a c t i v i t  i s

found  in t h e  s p e c i f i c  g r a n u l e s  w h i l e  CSa i n a c t  i v a t  ion

capab  i i i  t v i s  c o n t a  i nod in  the  a z u r o p h  i i  ic g r a n u l e s  ( 7 4 )

These studies suggest an in te r !)  l a y  b e t w e e n  l v s o so m a l

e n zy m e s  and comp 1 ement  c o m p o n e n t s  in t h e  g e n cr at  ion  and

exacerbation of the inflammator y response.

S e l e c t i v e  I ) e gr an u l a t i o n

The s ec re t  ion  of lv s o s o m a l  e n zy m e s  f r o m  n e u t r o p h i l i c

g r a n u l o c ’t e s  i n v o l v e s  m i g r a t i o n  of t he  g r a n u l e s  to  the

l o c a l i z e d  a rea  of  c o n t a c t  w i t h  the f o r e i g n  s u b s t a n c e  or

surface. Fusion of t h e  l v s o s o m a l  membrane  w i t h  t h e  p l a s m a

membrane occurs and the enzymes are released into a pre-

formed vacuole in actual phagocytosis or to the cell

exterior in “frustrated” phagocytosis , i.e., no i n g e s t i o n

(t9). This degranulation with leakage or release of enzymes

to tile cell exterior causes tissue damage (19,22 ,34). The

most injurious constituents are protezises , collagenase ,

elastase , and permeability factors--all capable of digesting

and injuring tissues. Peripheral blood leukocytes contain

IgG receptors  as well as trypsin-sensitive complement

receptors for C3 and CS. Neutrophils when exposed to

phagocvtosahle and nonphagocytosable immune complexes

selectively release their enzymes in a noncytotoxic , non-

cvto lyti c manner (30,32 ,69). In human PMN s, ~he selective 

- - - - - - -~~~~~~—- -- -~~~~~~~~~~~~ -~
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r e l e a s e  caused  by c o mp l e x  uptake resembles that induced

by :ymo san particle ingestion; both particle and complex

uptake are accompanied by an increase in hexose mono-

phosp hate shunt activit y (6~)). Aggregated human my ciorna

proteins of all IgG and IgA subclasses and normal l gG

react with human neutrophil s in a serum-free medium causing

enzyme release. The other immunoglobulin classes (IgD ,

I gE , 1gM ) do not stimulate degranulati on. The insoluble

aggregates adhere to til e neutrop hi ls , are ingested , and

concomitantl y enzyme s leak to the cell exterior prior to

vacuole closure. Soluble aggregates do not induce secre-

tion when in suspension with neutrop hils hut do effect

secretion when hound to a nonphagocytosab le sur face (35,36).

Under the appropriate conditions substances which are

chemotactic for neutrop hils may also induce enzyme release.

The complement-derived factors include the active fragments

of the third and fifth components of complement , C3a and

C5a (10,11), and serum or plasma activated through the

complement alternate pathway by zymosan (27). C3a , CSa ,

and a bacterial chemotactic factor (BCF) are capable of

activating Proesterase I in rabbit neutrop hils. Activation

of this proenzyme is believed to be an obligatory step in

the chemotactic activity induced by these substances (8).

The surface charge of human granulocytes is diminished when

incubated with C5a. This suggests that a decrease in cell

surface charge is a prerequisite for normal cell movement

(24). Synthetic peptides formylated at the N-ter m ini are 



strong attracta nts for neutrop hils and macrophage s (54).

These d i- and tripe ptides can also induce enzyme release

and their potency is greatest when the hydrophobic amino

acid ph enyla lanine is posit ioned a t  the C-terminus (55).

A statistical and linear correlation exists between enzyme

release and the chemotactic response evoked by these pep-

tides. A hi gher peptide concentration is needed to induce

enzyme secretion than the corresponding chemotactic

response (13,55). Specific receptor sites for chemotactic

peptides have been demonstrated on rabbit as well as human

neutrop hils and the binding is rapid yet reversible (3 ,72).

Other effects can be observed with neutrop hils upon exposure

to chemotactic factors. The rate of ingestion of sheep

erythrocytes sensitized with IgG and complement is reduced

significantl y with CSa , BCE , and the peptide formyl-

Methionyl-Leucine (47). An excellent correlation exists

between calcium influx and lysosomal enzyme release. In

addition , a large and rapid potassium efflux is observed

under conditions which give rise to enzyme secretion using

the peptide formyl-Methionyl-Leucyl-Phenylalanine (fMLP) .

This suggests a possible ionic basis for degranulation (48).

In rabb it PMNs , fMLP stimulates protein carhoxymeth ylation

but not protein synthesis , revealing a hig h correlation

between chemotactic responsiveness and specific

carboxymethylat ion (50). 

~~~~~
_ __
~
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çy~ o ch a l a s i n  B (CR )

This biologically active mold metabolite is obtained

from the fungus Hc ?r~ ’~th~~; ~~i ’ f a ” :  d ’ : ~~to f Je :4 ”~’ . The literal

translation of cytochalasin is “cell relaxation ” and this

was the original descri ption of its characteristic effect

and not its mode of action (1,17). Cvtochalasi n B has a

unique and novel macrolide structure in which a lactone

ring is joined to a bi cv cli c lactam system . Cultured

mamma 1ian~cel].s that have been exposed to CB show an

increased rate of attachment to glass , a reversible inhi-

bition of cell locomotion , and total inhibition of cyto-

plasmic cleavage , without interfering with nuclear divisio n

during mitosis. Although multinucleat ed , these cells remain

viable for days in the presence of cytochalasin B (17).

Human neutrophils and rabbit macrophages show a disruption

and depletion of microfilaments when treated with cytochalasin

B (46). The influence of CR on neutrop hil functions is

• reversible and diverse. Phagocytosis (16 ,21 ,46,75) and

chemotaxis (9,15 ,75) are either stimulated or inhibited by

cytochalasin B depending on the drug ’s concentration. Rabbi t

and human PMN s show suppression and eventual inhibition of

both particle and bacteria uptake at CR concentrations above

5 jig/mi (16,75). When dropped below I jig/mi , CR stimulates

the uptake of both live staphylococci and starch particles

in human neutrophils (16). A similar pattern exists with

the PMN chemotactic response. At a concentration range of

2 to 4 pg/mi , CB reversibly inhibits the directed migration
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and locomotion of rabbit and human PMNs (9,75); however ,

below 1 ~4 g/m1 chemotactic stimula tion is generated (9).

Lv sosoma l enzyme release is enhanced with CB regardless

of the inducing st imulus (1 1 ,20 ,37 ,76), including phago-

cvtosahle and nonphagocvto sahle substances. The enhanced

release occur s above a S jig/mI concentrat ion of CR w i t h

a maximal effect at 10 ug/mi (3 ,76). Another study has

shown that t i i  is d r u g  de la’s and decreases primar y granule

release stimulated by zymosan particles at 10 ~ig/ml (S7).

In any case , CR at its highest concentration does not

affect the total activities of assayed lysosomal en: mes

even for incubation periods of 72 hours (20) . Elec tron

micrograph examination of CR-treated human neutrophils

shows nuclear and cytoplasmic spreading with a linear

arrangement of the granules. One hypothesis for the

enhancing effect that CR has on enzyme re lease  is the

removal of norma l constraints for the merger of granules

with each other or the plasma membrane (76) . Besides its

• effects on the neut rophil functions of phagocytosi s ,

chemotaxis , and lysosomal enzyme release , CR also strongly

inhibits sugar uptake (75) , oxygen consumption and hexose

monophosphate shunt activit y (37 ,52). The fungal metaholite

enhances phospholipid metabolism in guinea pig peritoneal

leukocytes. In fact , kinetic studies show that the drug ’s

influence on the increased incorporation of inorganic

phosphorus into phosphat idic acid and phosphoinositides

and the enhanced release of beta-glucuronida se are comparable. 

~~~~~~~~ ~~~~~~~~~ 
— —- . •  
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The i ncr ea~.eJ s v nt h e s  is  of p h o sp h o i n o s  i t  i de s  in Cii - t reated

cells mar interact w ith cat i o n i c  p r o t e  in and fac ii t a t e

the fusion of lvsosomal and pl asma membranes (04) . Studies

have shown that chemot act Ic fac t or s inc rea se PMN vo lume

however , t h e  cell volume decreases when the c e l l s  are

exposed to CR alone or CR wi th a chemot ac tic factor.

There is no quant it at  ive correlation between this phenomenon

and the secretion of lv so soma l e n zy m e s (41 ,42). Microtubules

have been iinp l icated in granule movement and lysosoma I

enzyme release (28) . Colchicin e disrupts or eliminates

mi cro tuhul es wh i ch are demonst rahie in mature PMN s ( 4 5 )

it zi iso m u  ih i ts enzyme secre t ion and m icrot uhu le assembl y

in  a dose-related fashion (40) . Concanavalin-A , a plant

1cc-tin and lymp hocyte mitogen , induces micro -tubule assembly

and spec if ic granule discharg e in human PMN s (39 1  . Thus ,

the importance of microfilament s and/or microtu hules is

apparen t with regard to i sosomal enzyme release. The use

of CR-trea ted neutrop hul s provides a model system for the

study of selective degranulation in the absence of

phagoc vtosis .

Inhibition of Neutrop hil Functions

As noted earlier , the inflammator y functions of the

neutr ophi l involve an energy source , calcium and/or magnesium

in the external medium , and possible involvement of the con-

tractile elements of the cell. Any substance which may

inhibit or block any of these parameters may obstruc t any

or all of the neutrophil functions concerned with inflammation.



p.-.- 
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- --.- - • ——— .----- -- --- - - --- - ---—-

~~

• ----——--- —•--—--- 

11

Nonphagocy t ic lvsosomal enzyme release i s i nhibi t ed by

cAMP and theophylline but the effect in c o m b i n a t i o n  is

no g r ea t e r  t h a n  a d d i t i v e .  The anti-inflamm atory agents

h y d r o c o r t i s o n e  and c o l c h i c i n e  are  a l s o  i n h ib i t o r y  (31 , 7 7 ) .

Of p a r t i c u l a r  i n t e r e s t  is the  e f f e c t  t h a t  phosp h o n a t e

esters have on PMN functions , especially the inhibitor

diisoprop vlflurophosphate (PEP). This irreversible

inac tivator functions throug h phosphorylation of tile serine

hydrox v l group wi thin t h e  a c t i v e  s i te  of t h e  a f f e c t e d

enzyme . The charge relay between t he  s er i n e , a s p a r t i c

acid and his tidine residues within the active site is

blocked , thereby rendering the serine esterase nonfunc-

tional. In studies done with rabbit neutrophils , DFP was

shown to inhibit chemotaxis whethe r the cells were pre-

treated or the inhibitor was presen t wi th the chemot actic

factor. The same inhibitory effect seen under different

conditions suggests that two es-terases--one activated and

the other actjvatab].e--are in or on the cell and are

involved in the chemotactic response. This is reinforced

by the difference in inhibition profiles exhibited by

either cell-dependent or chemotactic factor-dependent

inactivation (12 ,67). One approach toward observing phago-

cytosis is treatment of guinea pi g peritoneal cells with

EAC1423 using sheep erythrocytes and guinea pig serum as a

comp lement source. This complement-dependent erythrophago-

cytosis is inhibited by DFP. The effect is irreversible ,

temperature-dependent , and proportional to the inhibit or

:-

~ 

~~~~~~~~~~~~~-~~~~~~~~~~ 
~~~
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c on c e n t  rat ion and the durat ion of  e x p o s u r e  to  t h e  inh hit or.

C e l l  pretreatment w i th PEP g i v e s  t h e  g r e a t e s t  e f f e c t ,

s u g g e s t  in g  t h a t  a c r i t  i c a l  p r o t e i n a s e  or e s t e r a s e  is  in  or

on t h e  c e l l  in t h e  “ac t  ivat ed” s t a t e  and a second act ivat abie

e n z y m e  is a l s o  r e q u i r e d  fo r  t h e  phagocytic process (Si).

L v s o s om a l  e n zy m e  release f r o m  r a b b i t  n e u t r o p h i l  s by B CF

is i n h i b i t e d  wi t h PEP , hu t  o n l y  when the i n h i b i t o r  and

c h e m o t a c t i c  f a c t o r  are together and not when the cells

are treated before release ( 1 1) .  Human n e u t r o p h i l  degranu-

l at ion us in g :vmo san p a r t  i~~1es ( p h a g o c y t  ic s t i m u l u s )  or

aggregated l gC hound to  a s u r f a c e  ( n o n p h a g o c y t i c  s t i m u l u s )

is inhibited by PEP . Some e f f e c t  is seen when the cells

are pre incub ated with the inhibitor prior to release;

however , the  s t r o n g e s t  r e s u l t  occurs  w i t h  the  st i m u l u s

and inhib it or together ( 3 8 ) .  The o b s e r v a t i o n s  w it h PEP

show that serine esterase activity i s  a c r it i c a l  p a r t  of

chemotaxis , phagocytosis , and enzyme secretion. This has

led to studies with more specific , irreversible serine

esterase inhibitors such as N-to svl-L -lvsvl-chlorom ethvl-

ketone (TLCK), N-to sylamide-phen ylethvl-chlorome thvl-ketone

(TPCK), phenyl-methy l-sulfon yl-fluoride (PMSF), Cl inhibi tor

(C1INH) , and aipha-l-antitrypsin. C1INH is a biological

broad-spectrum inactivator exhibiting control over the

coagulation , fibrino lysis , complement , and kallikrein blood

systems and it weakly inhibits the pancreatic enzymes trvpsin

and chymotrypsin. Alpha-l-antitrypsin is also a biolog ical

proteinase inhibitor that blocks the fibrinolytic and

_____ — ---~~~-~~~-- - - —- - - . - • • - ‘-_ •_ _ _

~~
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kal lik r ei n systems , h u t  i t  s t r o n g ly i n a c t i v a t e s  b o t h  t r y p s i n

and chvmo t rrps in ( 3 3 )  . The synthetic s e r i ne  esterase

i n h i b i t o r s  TPCK and TL C K f u n c t i o n  hr  a l k y l a t  ion of t h e

h i s t i d i n e  r e s i d u e  within til e a c t i v e  s i t e  of  t h e  enzyme.

F u n c t i o n i n g  as pseudosubstrates , TLCK inactivates chvmotrypsin-

l i k e  p r o t e i n a se s  wh i l e  TPCK a f f e c t s  t r y p s i n - l i k e  p r o t e i n a s e s .

The sy n t h e t i c  i n h i b i t o r  PMSF f u n c t i o n s  l i k e  PEP;  however , i t

sul  f o n v i a t e s  the serine hvdroxyl i n  t he  enzyme ’ s ac t  ive

s i t e .  In  c o n t r a s t  t o  t h e  o rganop h o s p h a t e s , suifonyl h a l i d e s

show g r e a t  d i f f e r e n c e s  in r eac t  ivit v d e p e n d i n g  on the  e n z y m e

and t he st ruc ture of t h e  s u l f o n v l  h a l i d e  (2~~) . F i b r o b l a st s

tha t have  been t r e a t e d  w i t h  S i m i a n  V i r u s  40 ( S V - 4 0 )  lose

t h e i r  a b i l i t y  to exhibi t con tac t inhibi t ion and consequent ly

grow pro lifera t iv elv in tis sue cul tures. Trea tmen t of these

transformed cells with TPCK inhibits their growth; an

iden t ical “growth p l a t eau ” effec t is seen also with cyclo-

h e x i m i d e , an i n h i b i t o r  of ~~~~
‘ ~~~~ p r o t e i n  s y n t h e s i s  in

e u k a r y o t e s .  T h i s  s u g g e s t s  t h a t  t h e  g r o w t h  i n h i b i t o r y

e f f e c t  of TPCK on t r a n s f o r m e d  ce l l  g r o w t h  involves the inhi-

bi tion of pro tein synthesis instead of proteolytic inacti-

va tion (18). TLCK , TPCK , and PMSF inhibi t the att achmen t

of Baby Hamster I~idnev (BI-IK) cells to a substratum only in

the presence of serum ; that is , significant inhibition occurs

when the substratum is coated with serum . The effect is

achieved by preincubating the cells with the inhibitor at

room temperature; after washing the cells are resuspended

in fresh attachment medium . Under these conditions , the
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f i n d i n ~~s d e m o n s t r a t e  t h a t  t he  c e l l u l a r  func t i on of a t t a c h -

ment a l s o  requires c e l l - r e l a t e d  e s t er a s e  a c t i v i t y  ( 2 9 ) .

Human  C l i  Ni l  r e v e r s i b l y  e n h a n c e s  h u m a n  neut rop h i i  chem o -

t a c t i c  r e sponse  to  a c t i v a t e d  plasm a or serum without affect-

i n g  s p o n t an e o u s  m o t i l i t y  (5~f l .  T h i s  same p r o t e i n a s e

inactivator a l s o  shows c h e m o t a c t i c  i n h i b i t i o n  to  t r v p s i n -

a c t i v a t e d  CS while s i g n i f i c a n t l y  e n h a n c i n g  the response

to  N -  f o r m v l - m e t h i o n v l - p h e n v l a i a n i n e  ( 4 4 ) .  These  e f f e c t s

w i t h  C1 IN II occur o n l y  when the  i n h i b i t o r  is p r e s e n t  w ith

t he  c e l l s  in t h e  upper p o r t i o n  of t h e  B oyd en c h a m b e r .

P r e i n c u h a t i o n  of human  n e u t r o p h i l s  w i t h  TLCK , TPCK , and

a lp h a - l - a n t i t r r p s i n  i n h i b i t s  t h e i r  c h e m o t a c t i c  r espons ive-

ness  to C3a and C Sa .  TPC K i n h i b i t s  random m i g r a t i o n  w h i l e

TLCK and a lp h a - l - a n t i t r v ps i n  enhance  it ( 2 5 ) .  The poten-

c ies  of fMe t  p e p t i d e s  as c h e m o t a c t i c  a g e n t s  is  r e l a t e d  to

the  r a t e  a t  w h i c h  t h ey  a re  h y d r o ly z e d .  TP CK and TLC K

i n h i b i t  c h e m o t a x i s  as do t h e  h y d r o l y s i s  p r o d u c t s  of fMet

p e p t i d e s .  N e u t r o p h i l s  p r e t r e a t e d  with TPCK and TLCK

i n h i b i t  p e p -t i d e  hy d r o ir s i s  and the  c h e m o t a c t i c  r esponse  to

CSa , BCF , and fMP . In a d d i t i o n , ben :oyl  t y r o s i n e  e t hy l

es te r  ( B T E E ) ,  a model  s u b s t r a t e  s p e c i f i c  for  c h y m o t rvp s i n

a c t i v i t y ,  i n h i b i t s  t h e  c h e m o t a c t i c  response  to a l l  t h r ee

a t t r a c t a n t s .  Tosyl  a r g i n i n e  me th yl  es te r  (TAME ) , w h i c h  is

used to i d e n t i f y t ry p s i n - l i k e  a c t i v i ty , has li tt le or no

effect on chemotaxis (2). Rabbit neutrophils have chymotrypsin-

like esterase activit y in their cytosol and lysosomes. The

esterase is not inhibited by cAMP , nor is it stimulated by
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BCF or CSa. Hi gh chemo tact ic act  ivity is found in the

p a r t i a 11 y p ur  i f i ed f r a c t i on o I t he en: y me . lb t h c he m o  —

t a c t i c  and e n z y m a t i c  a c t i v i t i e s  a r e  i n h i b i t e d  by a p h o s p h o n a t e

e s t e r  ( 6 5 ) .  U n l i k e  r a b b i t  PMN s , e s s e n t i a l l y a l l  ~he

chymotrypsin- like esterase activity of h u m a n  neutrop h i l s

is in t h e  lv s o s om a l  f r a c t  ion , but  more  s p e c i f i c a l l y  t h e

m a j o r i t y  is in the primar y granule. Human esterase a c t i v i t y

ha s  a sharp er op t i mum p 11 range and the spec i i i c act iv it v

may he as h i gh as 4 0 — f o l d  t h a t  o b s e r v e d  in rabbit ((~~)

Since t h e  n eu t r o p h i l  f u n c t i o n s  of c h e m o t a x i s , ph agocyto sis ,

and lv s o som a i  enzyme  r e l e as e  r e q u i r e  one or more  surf ace

e s t e r a se s  , a s u g g e s t  ive ac t  iva t ion scheme can he hypo the -

s i z e d . I n t e r a c t i o n  of a chemotactic factor with a Specific

recep tor  could  a c t i v a t e  the surface esterase (s) leading to

in terdependent events causing chem otaxis or e n z y m e  r e l e a s e

(12 , 13) . I n c l u d e d  in  t h e s e  i n t e r r e l a t e d  e v e n t s  cou l d  he

a transient increase in membrane permeability to sodium

and c a l c i u m , membrane  d e p o l a r i z a t i o n  and t he  i n v o l v e m e n t

of microfi laments and/or microtuhules (48).

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~
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Rca~ en t s and So lut ions

Sod i tim ilypaq ue I. 50 ) was obtained from W in t ii rop

Laborato ries • Ne w York , N Y 1 O O l b .  Tr i ton X - 100 ~ as  pur-

chased from Resea rc ii Products I n t  ‘m at i ona I (‘orpo rat i on

I l k  Crove V i i  lage , I i .  ~~~0(l0 ; Coat anti —human CS , Mi’ I o~
lab oratories , Alexandria , V A ;  Prot e in A— Sepharose , Ph a rmac I a

F inc Cheiu i ca Is , P i scat away , Ni . ‘I’he rema in i ng mat er i a 1 s

were p i’oc tired from S i gina Chem i ca I Company , S t . Lou i s ,

t ”3l 8. These included bovi ne serum albumin (B S ..\ I , human

serum a lbum i n (U SA ) , ben :oyl - tvro sine ethyl ester (BTFF)

Cytochal asin ii ( C R ) , c v c l o h e x i m i d e , I ) e x t r an , d i m e t h v l  -

sulfoxide (DMSO) , Eps i i on Amin o Caproi c A c i d  ( F A C A )  , Ficol I

(MW 400 ,000), 1.yso:vme E gg Whi t e St andard , ~~~~~~~~~~~~~~~~~~~~~~~

~‘:. -: ‘~- ?L ~ ~~~~~ N— formu~ 1me t hion vi phen v la 1anine ( fM P )  , —

nicot inam id e adeninc d i n u c l e o t i d e  ( t i N:\ 1) ll ) , phc’no l ph thal e in

he ta—g lucu ronic acid , phenylrneth lsulfon ifluor ide (PMSfl,

tosvl -argin inc methyl ester (TAMP) , L- to sylam ide-phen vl -

ethylchlorome t hvl ketone (TPCK ) , N- tosvl -L -lv sine chlorometh vl

ket  one ( T L C K )  , and zvmo san A.

A s t o c k  s o l u t i o n  of C t o c h a l a s i n  B ( S mg/ml in DM SO)

wa s kep t at  4°C . The s tock  s o l u t i o n  was d i l u t e d  w i t h  Hank’ s

Bal anced S a l t  S o l u t i o n , p11 .4 (IIRS S) to a concen t ra t ion of

1 0 
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SO pg/mi . A l iqtio t s of l0 IMP in II1I SS and 1(1 mg/ rn I lI SA

in 111155 w er e  s t o r e d  at 20 °C tint i i  u s e d .  TI CK and eve  I o —

hex j m i d e  r e a d i l y  d i s s o l v e d  in IH I SS to the des i red c o n c e n —

t r a t  i ons  . T P C K  and imist ~ d i ~i n o t  go i mi t  o aqueous so 1 ut  ion

he low 10 ~‘M . They were there fore d i  sso l  ~ed i n anhvdrou s

methano l at 0 . IN and then d i i  ut ed wit Ii UI1SS to concent ma —

— t ions of 1 0 ~M or less . L i co 11 — Ilvpa qu e So l i l t  ion was made

by  comb i ni rig 24 p a r t s  of 9~- F i c o  11 w i t h  10 part s of ~3 .9’:-

il ypaquc . H u m a n  CS w a s  isolated a c c o r d i n g  to  N ii s son ~4 ~

wit hout mod i i i cat ion

Neu t roplu I I s o l a t i o n

I lep a r I ii I ed wh o le blo od wa s oh t a i ned I ro rn hea I t h

human  volunteers. N i n e  p a r t s  of b l o o d  was  m i x e d  with l

part of 0 Dcx t r an  (in IIB S S ) and a l l  owed to  set t I c  f o r  I

hour. Four mi 1 [i i i  t e r s  ot the cell—rich p l a s m a  w a s  hm ere d

over 4 m l of F i c o i l — I l y p a q u e  S o l u t i o n  in siliconi zed 10 x

100 mm g l a s s  t u b e s .  A f t e r  centri f u g a t  ion at 800 x g fo r

20 m i n u t e s , t he  polyrnorphonu clear c e l l s  P e l i e t e d  to the

b o t t o m  a l o n g  wi t h some er th r o c t e s .  The supemn at an t whi c h

con tained mononuclear cells and p latelets was discarded .

l’hc cell pci let was suspended in 111155 , transferred to a

clean s 11 iconi :ed tube , and washed onc e . Cci I coun t s w ere

a c c o m p l i s h e d  on a h em a t o c v t o m e t e r  w it h the win t e ccl 1 concen-

t r a t i o n  b e i n g  a d j u s t e d  to  20 x 10 0 cells/mI . These prepara-

t ions  conta  m e d  approximate Iv 9 5 % n eut  rophi is with an

e s t i m a t e d  red to  w h i t e  c e l l  r a t i o  of 5:1 (58). A l i q u o t s

(0. 1 nil ) o t til e C C !  1 suspensio n were p laced in 1 0 x 75 mm

- ~~~~~~~~~~~~~~~~~~~~~~ -——-•- - - -~~~~~~~~~~~~~~~~~~~- -
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glass tubes. The final r e a c t i o n  v o l u m e  and c e l l  c o n c e n t r a -

tion throug hout experimen tat ion was 2 x 1 00 cells/mi/tu b e.

Enzyme Assays

Lac tic Dellydrogenase (LDII) , tile cytop lasmic marker for

cell viabili ty , was determined by the method of Rcrgcmeycr

et al. (14). This bisubstrate reaction measured til e change

in absorbanc e at 366 nm due to the oxid at ion of NADII . The

absorbance decreas e of the 3-nil reaction mixture was

observed over a 2-minu te interva l. Enzyme activit y was

tabulated and recorded as units /mi.

Lvso:yme , the secondary granule marker , wa s measured

accordin g to the Shugar me thod as described in the Sigma

Bulletin for Lysozyme Egg Whi te Standard (56). Tilis assay

also involved a change in absorhance over a fixed time

period . One- tenth milliliter of the unknown was added to

a 2.5 ml suspension of M~ ero~’o ’eu$ ! ‘ ~~k t~~~~ and the

decrea se in absorbance at  450 nm a f t e r  2 m i n u t e s  was

recorded. The enzyme ’s Lctivitv was expressed as units /rn!.

The primary granule indicator , 8-Glucuronid ase , was

assayed by the Fishman method (23). A sample of tile

unknown (0.1 ml) was added to 0.1 ml of phenolphthalein

glucuronic acid and 0.8 ml of acetate buffe r making the

final reaction volume and pH 1.0 ml and 4.5, respectivel y .

After 17 hours of incubation at 37°C, the solution was made

alkaline with a glycine buffer (pH 1 1 . 2 ) ,  trichloroacetic

acid and water. The phenolphtha lein released due to sub-

strate hydrolysis caused the developme nt of a pink color 

- - _i
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whose intensit y was dependent on the enzyme concentration .

The solution ’s absorhance was measured at 540 nrn and compared

to 25 pg/ml and 50 pg/ml standards made by dilu t ing in HBSS

aliquots from a stock phenolphtha lein solution of I mg/mi

in ethanol. BC values were reported as pg phenolphthalein/mi .

Enzyme Secretion Protocol

Stimulated release of primary and secondary neutrophil

granules was effected with ZAP and fMP in the presence of

5 p g/n i l cytochalasin B (13 ,27).

A suspension of zvmosan A (10 mg/mi) was made in

phosphate-buffered saline , pH 7.4, ionic strength 0.15 ,

containing O.15M magnesium chloride. One-tenth milliliter

of the zymosan suspension was added to 0.9 ml autologous

plasma containing .25M EACA . In our hands EACA allowed

substantial1~’ greater enzyme release than plasma alone

when utilizing ZAP , as previously shown by Goldstein et al.

(27). After incubation at 37°C for 30 minutes the zymosan

particles were removed by centrifugation at 1000 x g for

5 minutes. One-tenth milliliter of ZAP and 0.1 ml CB

(50 pg/mi) were added to 0.8 ml HBSS containing 2 x ~Ø6

cells. After mixing , the suspension was incubated at 37°C

for 30 minutes. Supernatants were removed for enzyme

assays after centrifugation at 1000 x g for 1 minute .

Noncytotoxic enzyme release occurred with ZAP alone

and CB alone ; however , together their effect was signifi-

cantly more than additive. A ZAP dilution control (1:10 in
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IIBSS ) in the absence of neut roph i I s  w a s  assessed for en:

levels in order to negate any effects due to p 1 a ~m .i alon e .

When utili z ing the formvlated pept ide , 2 x I (I~ e el I~’

in 0. ml IUISS were treated with 0. 1 ml lISA (1(1 mt~ ‘ml ) and

h e l d  a t  4 “C tint i i ready for use. One — t emi t I-i m i l l  i l l  t em CII

(5(1 pg/mi ) and 0. 1 nil fMP (I 0 3M) w e r e  then added ami d

mixed. After incuhat ing at 3 ° C for S mn i r iu te ’- th e super -

nat ant s we i.e removed as he fore and en: vine de t e mm i na t i on

PC r t o  rmne LI

Relative secreted enzyme levels were calculated ~~~

the percent of total enzyme content of the ce lls. lot al

e n z y m e content w as a s c e r t a i n e d  h~ treatm ent of cells w i t h

0.2% Triton X-l 00. Baseline or uns ti rn ulated enzyme lev e ls

were assessed on cells incubated in IIBSS.

Inhibitor Treatment of Cells

Two approaches were taken to evaluate the effect of

inhibi tor s Oil enzyme release. Tile first involved incuba-

tion of inhibitor with cells in the presence of the releasing

stimulus . In this instance the inhibitor was  added to

cells , followed immediatel y by addition of the releasing

agent . After an appropriate incubation period (30 minutes

for ZAP and 5 minutes for fMP), the supernatants were

analyzed for enzyme content. The second protocol utilized

preincubation of the cells with inhibitor and a subsequent

single washing in IIBSS before exposure to ZAP or fMP . The

inactivators or inhibitors were added to the PMN s i n  HB SS ,

mixed , incubated at 37°C for S minut es and centrifuged 

~~~—— ----- - - -  — - -  
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(3 ( 1 seconds at 100( 1 x g )  . The supernatants were careful l

removed and d i se a rded . The ccii pelle t s were  wa  shed onc e

in  I1B SS and s u b j e c t e d  to  AP or fMP as a! read described.

Con t rol experimen ts ind i ca ted none of the i nhibi to rs elic it ed

e n z y m e  re lease alone , n~ r did they inact ivate t h e  m a r k e r

enzymes

Experimen ts us ing TPCK or PMSF required that initial

so lub i i i  zat ion he effected in anhvdrous m e t h a n o l  . Stock

s o lu t  i ons  of each agent at 0. IN wei.e used for subsequent

dii Ut ions in  IUISS . ApprOpriate methanol di i Ut ions  d i d  not

a f f e c t  the enzyme assays nor alter s t i m u l a t e d  or r e s t i n g

enzyme r e l e a s e .

S t a t i s t i c a l  P rocedu re  fo r  Da ta  P r e s e n t a t i o n

E n z y m e  r e l e a s e  va lues  a re  p r e sen t ed  as % + S t a n d a r d

E r r o r  of t h e  Mean (SEN ) ; 100% d e s i g n a t e s  the  t o t a l  enzyme

c o n t e n t  d e t e r m i n e d  b y t r e a t m e n t  w i t h  0 . 2 %  T r i t o n  X - 10 ( 1 .

S t a t i s t i c a l  s i g n i f i c a n c e  was  d e t e r m i n e d  by a p a i r e d

Studen t ’s t - t e s t  w i t h  n s i g n i fy i n g  the  number  of degrees

of f reedom and P the  level  of s i g n i f i c a n c e .  C a l c u l a t e d  p

va lues  of l e ss  than  .05 were  cons ide red  to  he s t a t i s t i c a l ly

significant.

Preparation of CS-Deficient Plasma

Goat antiserum to human CS was prepared as follows .

Twelve precip itin bands were excised from replicate agar

immunoelectrophoresi s gels whi ch were developed with puri-

fied CS and commercial anti-CS in the presence of 0 .OlM

EDTA . The precipit in bands were allowed to stand for 
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several days at 4°C in several changes of physiologic

saline containing 0.02% sodium azide. The washed opaque

immune precipitates were emulsified in Freund ’s Complete

Adjuvant , and injected subcutaneousl y into multi ple sites

in an individual goat. Two weeks later the injection pro-

cedure was repeated and 6 weeks after the initial injec-

tion the antiserum was harvested , heat inactivated , made

0.02% with sodium azide , and frozen at - 2 0 ° C  or -80°C.

In immunoelectrophoresis (53) and Och te r lony  ana lyses

the antiserum was found to possess strong anti-CS , anti-

HSA , and a n t i - I g G  a c t i v i t i e s .  If immnunodi f fus ion  p a t t e r n s

were a l lowed to develop for  more than 2 days wi th  NHS ,

an addi t ional  faint band was seen that possessed slow beta

m o t i l i t y  and a slow ra te  of d i f f u s i o n . Ant i -HSA a c t i v i t y

was removed with stoichiometric amounts of HSA and anti-

IgG activity was removed by absorption with IgG-Sepharose

6B. The antiserum was rendered monospecific for CS when

observing precipitin bands within 24 hours at room tempera-

ture. Moreover , this anti-CS did not demonstrate reactivity

with serum genetically deficient in CS , kindly given to

us by Dr. John Leddy .

The IgG fraction of the anti-C5 was isolated by caprylic

acid precipitation according to the method of Steinbach

and Audran (60). After adjusting the protein content to

‘~2%, insolubilization of anti-CS activity was effected by

treatment with Protein-A Sepharose. Packed Protein A-anti

C5 contained approximately 20 mg protein/ml resin. 

— -~ . - -
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F i f t e e n  m i l l i l i t e r s  of norma l  human p l a s m a  was  t r e a t e d

by st irring for 45 minutes at room temperature w i t h  S ml

• of packed resin in the presence of 0.O1M EDTA . A second

treatment for 90 minutes at 4°C and 30 minutes at room

temperature rendered the plasma deficient in CS as

ascer tained by immunoelectrophoresis with our anti-C5

as w e l l  as w i t h  c o m m e r c i a l  a n t i - C S .  Rocke t  e l e c t r o p h o r e s i s

(4) was also done on the commercial anti-CS. The unidenti-

fied p r e c i p i t a t i n g  a c t i v it y  de sc r ibed  above was s t i l l

p resen t  in the absorbed C S - d e f i c i e n t  p l a sma .

The CS-deficient plasma was dialyzed against HBSS

and frozen at -80°C until ready for use. An untreated

source of plasma was treated in an identical fashion with
• regard to incubations , dialysis and freezing . This plasma

subsequently served as a positive stimulus control when

activated with zymosan.

II,,-
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Inhibition of Enzyme Release w ith the
Trypsin-Like Inilihi tor TLCK

When PMN s were  t r e a t e d  with TLCK prior to stimulated

enzyme relea se with ZAP and fMP , significant prevention

wa s observed . As shown in Fi gu re  1, b o t h  l v s o z me and BC

release were significant ly inhibited . When ZAP wa s used

as t h e  s e c r e t o ry  s t i m u l u s , BC release was significantl y

depressed at l0~~ and 10~~ M TLCK and l soz me release was

inhibited at 10 5M as well. Similar results were obtained

when the formylated peptide was used to stimulate granule

secretion. In this instance si gnificant inhibition was

observed for both granule markers from l0~~ to lO 5N TLCK.

Table 1 shows the results of experiments designed to

detect inhibition when inhibitor was present simultaneously

with either ZAP or fMP . S i g n i f i c a n t  i n h i b i t i o n  at  lO aM

of bo th  l y so z y m e  and BC was observed when u s ing  ZAP . S i m i l a r

results were o b t a i n e d  w i t h  fMP-stimulated cells. Signifi-

can t inhibition of both enzymes was affected at 10 3M TLCK

and BC release was inhibi ted at 10 4M TLCK as well.

The effect of TLCK on enzyme release is apparently non-

cytotoxic since LDH levels remained low throughout these

experiments .

24
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Figure 1. TLCK pretreatment . PMNs (2 x l06/ m l )  were
preincubated with the inhibitor for 5 minutes at 37°C ,
washed once , then treated with (A) 10% AP + S pg/mi CB
wi th incubation at 37°C for 30 minutes or (B) lO-4M fMP
+ 5 pg/mi CB + 1 mg/mi BSA with incubation at 37°C for
5 minutes. Results presented as °

~ 
+ SEN of to tal enzyme

content determined by treatment of 2 x 106 cells/rn!
w i t h  0 . 2 %  T r i t o n  X - 10 0  0 3 - G lu c u r o n i d a s e  = 128 + 10 pg
phenolph th a l e i n / m l , Lys o zym e  = 219 + 13 u n i t s/ m i , LDH =

388 + 13 u n i t s / m l ) .  Grap hic pre sentation of enzyme
leveTs shown as solid bars (BC) , hashed bars  (LYS ), and
open bars  (LDH ) w i t h  to le rances  less than 0 . 5  not  dis-
played. Negative controls for all 3 enzymes wi th bo th
stimuli were not greater than 5.4 + .40%. Student’ s
t - t e s t  p va lues  for  BC and LYS compared to tubes receiv-
ing no p r e t r e a t m e n t , but sub jec ted  to s t i m u l i .  LDH p
va lues  ( n = 4 ) ,  a l t h o u g h  not s i g n i f i c a n t , were  compared
to the negative control. In pa r t  A , si g n i f i c a n t  inh ib i -
tion was seen at i0 3M and i0 4M TLCK for both BC and
LYS.  At both  concen t r a t i ons , p< .O S for  BC ( n = 4 ) ;  for
LYS (n 6) p< . O O S  at  iO 3M and p < .O2  at i0 4M TLCK. In
par t B L significan t inhibition was exhibited from 10-3M
to 10- SM TLCK.  At the  hi gher  2 concen t r a t i ons , p < . O O S
for both enzymes. At 10 SM TLCK , p< .OS for BG (n=4)
and p < .0 for  LYS (n= 5) . 

~~~~~~~~~~~~~~~~~~~ 
—. -~~~~~~~~~ -*~~---— ~~~~~~~~~~~~~ 

—— .- - 
~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ - - - ~~~~~~ •~~~~~ - -~~ - -



- - • - -~~,—,- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

2 ~

Z A P

50

w~~~~~~~~~~~~~~~~~~~~~~~~ i1 
_  

-
,

10 

Ik in ili lL

fMP

~~~5O
0~

40

I0 

1-
~~~ii~~~ ILNONE 10-3 M l0-4M IO-5 M 10 6 M

CONCENTRAT ION TLCK

Fi gure 1

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



Table 1. TLCK inhibition of !vsosoma i enzyme reiease a

Additions to ~ -G iucu-
cells ronid ase 11 Lvso:vme n LDH (n 7)

Non e 5• 2~~0~~31h 6 6.3~~0.4 13 5.9~ 0.38

:AP on iy 24 .4±i.3 6 25.3±0.6 1 14 6.1±0.90

AP+10~~ M TLCK 15~ 0~ 1 •1 c 6 1 1 9 1 5 c 12 7 .3±1 . 3

:A P + l o 4 M TLCK 2 4 . 7 ± i . l  6 2 3 . 3 ± l . i  12 6 . 5 ± 1 . 6

ZAP+ 1O 5M TLCK 26.5±1.9 6 27 .5±2.2 12 6.8±1 .5

fMP onlv 43 .1±0.25 4 50.0±2.5 11 8 . 2 ± 0 . 8 0

f M P + l O 5M TLCK 2 2 0 ~~0 2 1 d 4 . T ± i . O ~ 12 . 7 ± i . l

fMP +10 4 M TLCK 37 . 7± O.~~3~ 4 4 5 . 2 ± 4 . 0  10 8 . 3 ± 0 . 8 4

fMP+lO 5M TLCK 43.8±1.37 4 52.3±2.1 10 8 . 2 ± 0 . 2 9

• 
a_ ,~p r e l ease  i n c l u d e s 10~ AP + 5 p g /m i  CB w i t h

2 x 106 cells/m i incuba ted at 37°C for 30 m inu tes; fMP
re l ease i n c l u d e s  i0 4M fMP + S pg/ rn!  CB + 1 mg/m i BSA
with 2 x 106 cells/mi incubated at 37°C for 5 minutes.

bResul ts presented as ~ ± SEM of total enzyme con-
ten t determined by treatment of 2 x 106 cells/ml with
0.2% Triton X -iOO (3-Glucuronidase = 150 ± 3 pg phenol-
ph tha iein/ml , Lysozyme = 241 ± 9 uni ts/m i , LDH = 399 ± 11
units/mi). Student’ s t-test p va lues  fo r  S - G lu c u r o n i d a s e
and Lysozyme compared to release wi th stimulus onl y ; p
values for LDII compared to negative control; n = degrees
of f reedom . Only  s t a t i s t i c a l ly  s i g n i f i c a n t  p va lues
a n n o t a t e d .

C 1,< . 0 2 .
d~ < 001.
e~ < . 01.

~ 
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Inhibi t ion of Enzyme Release with the

~hvmotr vps i n - L i k e  Inhi b itor TP CK

The same conditions for detecting inh i b i tio n of BC or

!vsozvme release were utilized for TPCK as described above

for TLCK ( i . e  • , in the absence or presence of releasing

stimulus). Fi gure 2 shows the results when treating the

c e l l s  wi th TPCK in t h e  a b s e n c e  of a s e c r e t o ry  s t i m u l u s .

Wh en us in~z fMP , BC r e l e a s e  w a s  s i g n i  f i c a n t l v  d e p r e s s e d  at

l0~~ and 10~~ M TPCK and l v s o : y m n e release was significantl y

i n h i l i t e d  a t  t h e s e  c o n c e n t r a t i o n s  as well. No inhibition

of lvso:yme release w a s  seen a t l0~~ M w h e n  u s i n g  AP-

s t i m u l a t e d  c e l l s , as shown in Table 2. The same response

was seen on BC r e l e a s e  in d a t a  no t  p r e s e n t e d  here. The

c h v m o t r v p t i c  i n h i b i t o r  and s u l f o n v i  h a l  id e , PMSF , at l0~~~

did not affect lvsozyme release by either :AP or fMP under

pretreatment conditions (also in Table 21 .

The second protocol (i.e., inhibitor present with

s t im u l u s~ was performed with TPCK and the results are shown

in Table 3. When using this protocol , fM P-sti rnulated

e n z y m e  re le ase w a s s ig n i f i c a n t ly de p res sed a t 1O~~~ I TPCK

only in the case of ly so :ym e . No effect was detected when

assaying for pri rnar \ granule r e l e a s e  (B C )  . Analogous

resul ts were found wi t h A P- st imul at ed cell s. TPCK at lO~~~

i n h i b i t e d  ivso:vmn e and no t BC relea se.

LDU leve ls were again found to be low and unaffected

by TPCK at 10 4N or less.

:: ~~- ~~~~~~~~
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F I ~ure 2. FPCK p r et  r -a t men t then 1\IF re I east ’.
(2 x 1 O (/ni 1 ) w e re pr o incubat ed w i t  Ii the i nh i h it or for S
in i nut es at 3~ ° C . w•i shed once , then t re •i ted w it h 1 nn~/m1• RS:\ , ~ ~g/m I Cf~ , a rid 1 (I — 4~i f ’lr  i~ i t  h I ucuha t ton at ~ ~

•
(

• for
5 minutes . Resti l t s p r e s e n t e d  a ’~ Si \1 of t o tal enz ym e
content Jet e rm I ned ~ t r cat m ont of 2 x 1(1 (~ cci 1 s / m i  w’ i t  h
0 . 2 :  Triton X - 1 (1(1 

~~~ 
t ; l ucuron idase I 3~ pheno l phtha loi n !

in 1 , Lv so: vine = I (~ S • I -~ un t s/rn 1 , 1 1)11 385 2 un i t s/mi )
Cr • 1 1)h i c 

~ 
res ent at i o~ of  c i  :v mnc I eve I — shown as sol  1( 1 ha rs

(BC) , hashed hat- . ( L\ ~~ I , and .‘~ en ha i s ( IDh L ) . Negat I y e
cont ro I s for a 1 1 3 en : r e s  ‘.e re not great e r than 5. -1

st udent ‘ t t e~- a I tie s to r BC (n=~ ) and 115
(n=t’) were compared to t u h e .~ r ece  I ing no pretreatment
hut sub ject ed to IMI’ re lea — c . 1.1 )11 j values (n=5) were
compa red to t he ne~za t r ye c out ro I and none were s i gn if i cant
The inhibit ion on I.IS at I () — -i~i and 10—S M TPCK w a s  h i g h l v
sign i fic an t (p • 005) . iI’ ~ k pr et ic atme nt effect on BC
showed p~- .05 at 1 (1 4M and p - .02 S at 10 5M
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1’ab l e  2 .  1vso:vme release a fter TPI’K and I’MSI pi et reatine nt a

Pre t re at men t T PCK/ 2~~ h (n= 3) PMSF/ :AP (n= 3) PMSF/ fMl’ i N~ 4)

None 2 .0 32 .5 2 .2 4t~. 2 
• .33

10 4M i n h i b i t o r  2 5 . 4  1 .~~) 32 .3 1 . 1  4 5~~) 1. 3

“ P r e t  rca tinent cons  i st s of  2 x I 0~ ce ll s/mii l incuha t ed
at 3 0 ( . f o r  S in m u t e s  w i t h  10 4M i n h i b i t o r , w a s h ed o n ce ,
then treated w i t h  s t i m u l u s

h inhibito r /R e le a se St im ulus : AP 10’ AP + S p g/mi
CB added to  2 x l0~ ccii s/mi and i n c u b a t e d  for 30 minu tes
at 3 ° C; IMP = 1 0 4M IMP + 5 ~rg 

/m l CR ~ 1 m g/m I BSA added
to 2 x 1 0~’ cell s/ m i  and incubate d at 3 °C fo r  5 m i i i nut es

~V a1ues expres s ed ~~~~ : * Sl~ I of total enzyme c o n t e n t
d e t e r m i n e d  by treatment of 2 x l 0~ c e l l s / n i l w i t h  O.2
T r i t o n  X— 100 (1,~’so:vme = 203  ~ S units/mi) ; n e g a t i v e  con-
t r o l  v a l u e s  no t  g r e a t e r  than i .() * • 74~ 

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ::: ~~~~ -~~~~~ -—~~~~ -
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Table 3 . TPCN m b  ill t ion of 1 vsosoin a 1 enzyme re 1 easc~

A d d i t i o n s  to  .~ -Glucuron-
c ei l ’- i d a s e  ( n = t ~) l , y s o zvn i e  ii LI)l1 n

None 4~ 940~~ 5h (1.0’0.4~ 11 ~~~~~~~ 6

:AP on i~ l9. 3~ 3 .3 28.S’l .l 11 4 .4 ’l .2 6

:AP+io 4M TPCK l5 .4~ 4 .i 2 3 . 0  l • S L 12 4 . 8 ~~0 . 0  6

AP+ 1O 5M TPCK fl1.5~ 3.5 2~~.3~ 0.87 10 4 . 8~~0 . 2 9  6

:Ap+ io 6M TPCK 18. 1’  3 .0  3 1 . 5 ’  1. 10 5 .  0~ 0.60

fMP o n ly  2 0 . 8 ± 2 . 5  4 ’ . 4~~1.8  12 8 8 * 0 9 10

f M P + 1O 4 M TPCK 2 l . 6 ~~3 .~ S 4 . i ± . 7~ 14 7 .8~~0 . S 8  10

f M P + l 0 5M TPCK 2 5 . 7~~2 . 4  4 S . 0~~2 . T 12 7 .o~~0 .~~l 10

fM P +1 O~~ M TP CN 2 9 . 3 ± 5 . 3  4 8 . 6 ± 2 . 8  12 8 .4 ~~0 . 8 8  10

a2)\1 release includes 10% ZAP + S p g / m i  CR wi th
2 x 106 c e l ls/ mi incuba ted a t 37°C fo r  30 m i n ut e s ;  fMI 1
release includes l0 4M fMP + 5 pg/mI CR + 1 m g / m i  BS1~wi th 2 x 106 c e l l s/ m i  i n c ub at e d  at  37°C for 5 minutes.

bResuits presented as % ± SUM of t o t a l  e n z y m e  con-
t en t  d e t e r m i n e d  by t r e a t m e n t  of 2 x l0~ c e l l s/ m i  w i t h
0.2% Triton X -iO O (S-Glucuronida se = 151 4 ug phenol-
phthalein/mi ; Lysozyme = 270  ± 7 u n i t s / m l ;  LD11 = 4 o 6  ± S
u n i t s / m i ) .  S tuden t ’ s t - t e s t  p values for 8-Clucuronida se
and Lysozyme compared to release with stimulus alone ; p
values for LDII compared to negative control; n = degrees

* of freedom. Only statisticall y si gnificant p v a l u e s
annotated.

c -p
~ 
.05.

.02.
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Time Course of T LCK and T PCK inhibi t ion o f
Ly s o z v m e  R e l e a s e  wi th fMP

Cel ls were t rea ted a t var~ ing time intervals (30

seconds to 10 minutes) with either l0~~M TLCK or 10 4M

TPCK , washed , and treated with fMP as d e s c r i b e d  in Me thod s.

The ex tent of lvsozyme secretion was subsequently assessed

( d a t a  not  shown ) . A m a r k e d  i n h i b i t o ry  e f f e c t  (a dec r ea se

to 1S°~. f rom 45~ release with untreated cells) was seen at

30 seconds , w h i l e  maximum inhibit ion occurred a t 2 m i n u t e s

and rem a ined unchanged at 10 m i nutes for bo th inhibi tors.

Inhibi tion of Enzyme Release with BILE

It seemed of intere st to tes t for po ten tia l compe t it ive

i n h i b i t i o n  of enzyme release by use of a sy n t h e t i c  s u bst r a t e

fo r  c hy m o t r y p s i n .  Bo th  p r o t o c o l s  were  used as  already

described . RTEE-treated neutrop hils , followed by washing

and stimulation by either ZAP or fMP , released both granule

markers to the same extent as untreated control cells.

However , as shown in Figure 3, when BTEE was ma intained

with :AP or fMP during the period of stimulated release ,

significant inhibition of lysozyme was affected at i0~~M.

BC release with ZAP or fMP was unaffected under these

c o n d i t i o n s .

TAME , a substrate for trypsin , did not influence enzyme

release under identical experimental conditions.

Lack of Inhibition of Enzyme Release
with PMSF and Cycloheximide

Several a t tempts  were made to detect inhibition of

enzyme release wi th  PMSF. Concentrat ions of 10~~~, 10~~~,
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F igure 3. BILL inhibit ion of enz~ nie release. PMNs
(2 x 1 0(1/rn 1) were incubated w ith BTFI and st i mu I i : (a)

AP = 10’: \P + S ~g/rni CR for 30 minutes at 37°C or (B)
fMP 10 4M fMP + S pg/ml CR + 1 mg/mi BS\ for 5 minu tes
at 37°C. Values prese nted as ‘ S1:M of total enzyme
content determin ed 1w treatment of 2 x l0~ cells/ni l with
0. 2~ Ti- i ton X— 100 (~ — Gl ucuron idase 

= I OS • 13 pg p h e n o l  —

phth ai ein /m l and L y s o z v m e  = 214 12 units /mi ) . No effect
seen on~~-Glucui-onid ase release (solid bars) wi th either

AP or fM P ( n = 4  f o r  both); s i g n i f i c a n t  i n h i b i t i o n  seen
at l0  4M BT EF on Lvso:vme release (hashed ha rs 1 with ZAP

• ( n = 8 )  and fMP (n= ) . Negat ive controls not greater than
( 1. 7 . 1% . No cvt otox ic i t v  obse rved  under all conti it ions

I

I
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and 10 6M PMSF were utilized in both experimental proto-

cols with ZAF and fMP and no inhibitory effects were

detected for both BC and lysozyme secretion. These data

are presented in Table 4.

Cycloheximide , a known inhibitor of Jc nL~~~o eukaryo t ic

protein synthesis , was tested for inhibition of enzyme

release at concentrations of 5, 10 , 50, and 100 pg/mi .

This agen t was presen t during the t ime o f s t imula ted enzyme

secre tion with ZAP or fMP and had no effect as indicated

in Table 5.

Associa tion of CS with the Active Prir~ciple in ZAP

Normal human plasma was rendered deficient in CS (see

Methods) and tested for enzyme releasing activity after

* activation with zymosan . The r e s u i t s of zymosan a c t i v a t i o n

were compared w i t h  an unabsorbed sham p lasma con t ro l  (see

Methods)  from the same i n d i v i d u a l .  N e u t r o p h i l s  were  used

from the same individual as well as a different i n d i v i d u a l .

In both cases , the average release of lysozyme with ZAP

made from CS-deficien t plasma was diminished from 39 to

15% when compared with unabsorbed , zymosan-activated

con t ro l s .  The release of BG was comple t e ly  absent  under

these conditions .

_ _ _ _ _ _
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Table 4. Effect of PMSF on en~ vme relea sed

Addition to ~-Clucu-
cells ronidase n Lvsozvme n Ll)Ihi~n=4 )

None ~~~~ 3 7 .9~ .70 10 ( 1 . 4~~.( 19

ZAP on ly  2 0 . 2 • l . 9  4 2 9 . 3 ’ l . 9  10 .3 . l 3

Z A P + 1 0 4 M PM SF 2 0 . 7 i . 2  4 2 6 .~~~3 .4  10 7 .3 . l 3

A P + l O 5M PM SI ’ 2 0 .0~~1 .S  4 3 4 . 0~~2 . i  9 S . 9 ~~.2 S

Z A P + 1 O 0 M PM S F 2 i . 9~~2 . 0  4 3S .~~~l . 6  9 5 . o ’ .40

fMP o n ly  3 4 . 0 !3 . 2  2 5 l . ’3 .  10 T . 4 , .( 17

fMP+l0 4M PMSF 3 1 . 7 ~~4 . 2  2 44.o’5.0 10 7 .3~~.40

fMp ÷1o 5M pMsi ~ 3 2 . o 4 . 0  2 54 .2±5 .2 9 8.1± .o0

fMp +1 o 6
~l PM SF 3 2 . 3 ± 4 . 0  2 54 . 7 ± 5 . 2  9 .8~ .81

alnhib itor present with stimulus: AP 10% ZAP
+ 5 pg/mi CB with 2 x 100 cells /mi incubated at 37°C for
30 minutes ; fMP = i 0 4  fM P + 5 p~ /ml CR + 1 mg/mi BSA with
2 x 106 cells/mi incubated at 37 C for 5 minutes.

b
~•aiues presented at % ± SUM of total enzyme content

determined by treatment of 2 x 106 cells/mi with 0.2%
Triton X- lOO (5-Clucuronidase = 135 ± 9 pg phenoiph thalein/
ml , Lysozyme 254 ± 22 unit ’-/ml , LDH = 450 ± 10 units/mi).
Student ’s t-test p values not significant for data shown
(BC and Lvsozyme values compared to release tubes alone ,
LDH values compared to nega tive control), n = degrees of
freedom. 

— -- 
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Table 5. i ffect of cvc lohex imide on lvs ozvm e release ”

I nh lb i to r Concen —

t rat ion (.g -‘ml ) :~
p (n=3) IMP n = 3 )

(1 
~~~~ • 1 4 h 

• 2 .—

5 35 .7 • .11 50.8 .0

39~ 4 • 1 . 4  58 .5 • 1 .5

40.0 .99 5 . i

10( 1 3 .S ‘ .5  55.9

“inhibitor added with stimulus: AP = 1O ’ AP +

S pg,’rn l CR added to 2 x l 0~ ccl is/mi incubated at 37°C
for 30 minutes; FM!1 = 10 4 M fMP + S pg /mi CR + I m g / m l  BS:\
added to 2 x l0~ c e l l s / m i  i n c u b a t ed a t 3 °C for 5 minutes.

p r e s e n t ed  as ~ SLM of total enzyme content
d e t e r m i n e d  by treatment of 2 x iO~ c e l l s / m i  with 0.
Tri ton X— iOO tlvso :vme = 20o  * 10 units /mi); negative
control = .9 ± .8i~~. 

____________________
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DISCUSSI ON

Cell-rela ted esterase activity has been demonstrated

in PMN c h e m o t a x i s , p h a g o cv t o s i s , and l y s o s o m a l  deg ranu la -

t i o n  by the use of o r g a n o p h o s ph a t e  e s t e r s .  For n e u t r o p h i l

c h e m o t a x i s , IV ar d and Becker  (67) defined two forms of

esterase inhibition based upon the inhibition profile of

organophosphoru s analogues. The cell-dependent inhibition

* occur red  in t h e  absence  of a chemotactic stimulus indicat-

ing the presence of an activated esterase. The chemotactic

factor-dependent inhibition of chemotaxis was concluded

to be the result of an activatable esterase. The two

activities were not caused by identical proteases since

the inhibition profiles were different.

These studies prompted us to study the effect of

pro tease  i n h i b i t o r s  in order  to discern the po tent ial role

of serine esterases and proteases in lysosomai enzyme

release. Because of their unique specificities and iden-

tical inactivating mechanisms , the chloromethylketones

• provide excellent tools for the analysis of tryptic (TLCK)

and chymotryptic (TPCK) activity that may relate to cell

function. Our approach was to investigate lysosomal enzyme

release by exposing human neutrop hils to these and related

inhibitors in the presence and absence of releasing stimuli.

39
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T ab l e  summari zes in a qualitative fashio n our find-

i ngs as t he~ re late to pr I ma rv and sccond ~i rv g r a n u l e  sec re —

t i o ii i n LI uc CLI h v ZAP an LI f ML . 1’ e ha v e c a t ego r i 2 eLI t he

a It cred neut roph i 1 response in t e i•mn s o I e i t her an ac t i -

v a t . ih i e  ~i .e. , i n h i b i t o r  with stimulus ) or an act iv at ed

t i . e • , m u  ih  i to  r 0111 V ) es t erase . The cv i dence c 1 car 1 ‘

suggests that both t r v p s  i n -  like and chym ot rvps i n - i  i k e

e n :vm e s  a re  associated with lvsosoma I deg ran u lat ion. Use

of the trv ptic inact i v a t o r  TLC K , eith er as a c e l l  -dependent

or St i mu 1 us — d e p e n d e n t  i nh i hi t or , imped e d  en: vrne rd ease

r e g a r d le s s  o f  t h e  stimulus used to induce ~I e g r a n u l a t  i o n .

T h i s  i n d i c a t e s  to  us t h a t  an act ivated t r v p t  i c  en :vne is

associated with enzyme releas e . A l t h o u g h  it seems c lear

t h a t  an activated esterase i s  f u n c t i o n a l , our  e x p e r i m e n t a l

c o n d i  t i ons  do no t  con c lus ive i~’ demonst r a t e  an act ivatab 1 (‘

est erase; however , we have  no t  ruled out it 5 presence

The trvpt ic competitive inhibitor TAM ! d i d  not  help us in

this regard s i nce  it did not affect enzyme rd ease under

any circum stances.

The chymo trypt ic response to i~ sosoma l secret ion was

more d i s c r i m i n a t i n g .  TP CK d i d  not  i n h i b i t  CS-related (AP )

release in the absence of st imulus ; however , p r i m a r Y  and

seconda ry  d e g ran u l a t  ion with fMP were blocked. l’hi s suggests

the presence of an act iva ted chvmo t r~pt ic protease which

responds differentl y to chemotac tic stimuli. IVe can specu-

late that differences in cel l  -binding si t e s fo r  A1’ (C S)

and fMP are involved in the observed e f f e c t .  A c l e a r

_ _
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Table 6.  Summary of til e i n h i b i t o r y  e f f e c t s  on lvso somal
en:~ nie r e l e a se a

::\P (i °) \I~ ( °) fMP (1°) f\IP (2°)

A. Inhi bitor +

Stimulus :

TLCK + + + +

T PCK - + - +

1MS L — - - —

Bi LL - + - +

- - - -

B. Inhibitor
P r e t r e a t m e n t :

TLCK + + + +

TPCK - - +

PMS F - - - -

BTEE ND 1I NI) - -

“Signif icant inhibition is expressed w i t h  p o s i t  i ve
(~

) signs for til e conditions g iven . S t imul i , ZAP 01’ f il P,
are followed by ( ) indicating primary or secondary granule
response  based upon BC and LY S r e l ease  d a t a .

hND = no t done . 
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corr ela tion can  he ~~~ b e tw e en  ch v i n o t  i’~~~~t ic act in t v  and

s e c o n L l a r v  de granu lat ion w h e n  i n hi b itor and stimulus are

p r e s e n t  s i m u l t a n e o u s l y , s i i i ce  b o t h  TP CK and BILl had t h e

same i n h i h i t ~- r v  e f f e c t .  L v s o : v m e  r e l e a s e  was effectively

b l o c k e d  w h i l e  p r i m a r y  g r a n u l e  s e c r e t  ion was unaffected.

This suggests that an act ivatable chvmot r v p t  i c enzvfle

select ivelv influences secondary neutrop hi 1 chernotac tic

r e s p o n s i v e n e s s  and  PrOtease inhibitors. The chlc ’i-ometh l -

ketones inhibit chemotaxis with an act ivated chvmotr~ pt Ic

e s t e r a se  a p p e a r i n g  t o  have t h e  p i - e d o m i n an t  i-ole (2 , 25~

Our f i n d i n g s  a i e  in agreement with this suggest ing th~it

c h e m o t a x i s  and l so soma l enz \ -m e  r e l e a s e  r e q u i r e  similar or

i d e n t i c a l  e s t e r a se s , hut moi-e specifically a probable

c o r r e l a t i o n  ma~- e x i s t  b e t w e e n  s e c o n d a ry  l v s o s o r n a l  deg i-anu -

iation and PMN chemotaxis.

Becker et al. (10) showed that comp lement-derived

f a c t o r s  such as C5a a re  c a p a b l e  of i n d u c i n g  l v s o so m a l  en z y m e

r e l e a s e .  T h i s  r e i n f o r c e d  an earlier study done by Goldste in

et al. (2 )  implicating C5 activit y with the abilit y of

:vmosan- ac t iv at ed serum to cause selec t iv e degranulat ion.

Through  immunoadsorbence  of CS f rom p l a s m a , we h a v e  demon-

strated that tile enzyme releasing ability of :AP is a lm o s t

entirel~’ due to CS. Secondary gianule release was reduced

80~ w i t h  CS removal  w h i l e  p i - i m a r y  d e g r a n u l a t i o n  was  com-

p l e t e l y  a b s e n t .

• The use of synthetic protease inhibitors definite i\-

helps to charac terize esterase involvement ; however , usag e

—-‘
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a t na t ura I I v o c c ’1I r n  ng .i I p ha - g I ohu I i n  I ~th i h i t o r s p r ov  ic l c ’

a r e  I e v . i n  t h i  i f o r  ~ t ~id i ng p r o t  ca s e  — re 1 a t  ccl cc I I

ac  t I V i t  v~ R e c c i i t  I v , w e  h a v e  inve st t g a t  ed I M I* _ i n d t i c e d

I V ~.o so ln : i  I ‘—cc ret i o n  f ro m n e u t  i-op li I I ~ ~ 1’ L ’V O t I S  I V I i i C t I l l ~I I

w i t  Ii h i t~h I v F i t i e d  p r e p a  i’a I ions of human CI I nac t i va Icr

(C I I N A )  . The c o n c e n t  r a t  i o n s  of  CI I NA i n c o r p o  rated were

s I I g u t  I v b e t  ow I S Un it s/rn I) and above (10 tin it s “ui I ) I he

no rm a I p h~- s i o l o g  I ca I I eve  I o f  7 iii, it s / r n !  . -\ t t h e  h i  ghe 1

cOiic ’ent r a t  i o n , p u r l  lied CI INA s i g n i f i c a n t  Iv s up p r e s s e d

secon d ; i  rv  g r a t i t i  I e sec 1-ct I on but LI LI f lO t a f I ect p
~ 

i ma r v

r e l e a s e .  The i o w e t ’  level of (1 1 NA cI id not impede t h e

r e l e a s e  o t  e it he t -  m a r k e t ’  en ~‘me . Th I s d l  scr irn i nat ion I owa r d

seconda rv granule 11111 iii it ion coi- relates w it ii t h e  a c t  i vat all Ic

chvmo t rvpt Ic esterase d a t a  p r ey  ions I ~
• discussed . It h a s

been shown that human ticu t rop h il s in t h e  presence of (‘II NA

demoit s t  r a t e  an cnha iicecl chem o t a c t  I c i’e spans e t a both Al’

(59) and IMP (44) . The c l - i t  i c -al exper intent yet to be

ac camp Ii shed i nvo I yes spec if i c remova I of C I I NA f r o n t  t he

hi g li I v pun iii (‘LI p i-epa i-at ion by use  a I~ a monospec i f I c i rnmtin e

;idsoi -pt ion . i’hi s w i l l  h o p e f u l l y  estab Ii sli that (:1 i N-~ is

t he ac t i y e pr i n c  ijl I e in the preparation that a It ers ~~11 :viiic

i.e lease. It - success fu I , the experiment w i l l  imp i i  c a t e

Cl I NA as a II 01 og I ca I cant i.ol of n eu t  rop h i i  cleg r a n u  I at i o n

() I equa l import atice , thei- e lo t - c , i s the usage of ot her a 1 p i ta  —

g l o h u l  in i n h i b i  t o n s  to determine how the w i l l  affect

deg r a n u  t a t  i o n  I t - o u t  n e u t  roph i i  s

-~~ — -~~~ 1~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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SIIMM -\RY AND ‘ )\C 1 1151 ~N5

I ’li 1 s s t  ud was  des  igned tO focu s on I lie c~e 11 
— ye I a ted

e s t e  ra se act i v i t v as soc i at ed w I t li neut rap h I I I ‘s o ‘— am a I

en Vin e re l e a s e  . lb rough t he use of chic rome Iii ’ I ket ones

an d  c e n t  a i n  made I subct r a t  es , the j 18 V t  i c 1 p8t i Oil ci h O t  Ii

t r V p t  I c  and  c h v m a t r v p t  ic e n z y m e s  w a s  i mp i  i c a t e c i  - The

t r v p  s i n  — I i ke response w a s  i nh ft i tab I c’ w I t i i  TLCK re’ga rd I es 5

at the in ac t m a t  in g prot ocol or  r e l e a s i n g  stimulus. it ~ ’

chvma t rV 1lt  i c ~i c t  I V I  I V  responding t o  TPCK shOWCdl I nh i h it i o n

of IMP—stimul ated and not AP - induced releas e in the

absence of st I nui l us . l~’hen the inh lb t a r  and  ne lea s I ng

agent we i-c together , on iv secondary clegranul at i c111 %~a 5

affect c~l . i’lie c h i v m o t  r v p t  Ic subst i-ate , Wi l l , C o m p e l  It i v e t  v

supp  re s ~~~~ cii zvme re lease , whereas the  t r v p t  i c subs t rat e

i’AMI , w i  In c  11cc t i ye - Pr e I i m  i nan’- CX I 1C r im e n t  s w i t  Ii lii g hi I v

pun t te d 11repar ~i t  i oii s of  C I1 N - \ strongl y impli ca t e this

and p e r h ap s  at her a I pha — g 1 abul in plasm a inh lb it or s in t lie

n atnia 1 cant rd at this impol -tant neui tr ophi ii t un c t  ion .

4 4
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