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1. Introduction

The field of proteolytic enzymes is currently
the scene of vigorous research in many labor-
atories in the world. The main stimulus for this
is the growing body of evidence that the en-
zyme systems responsible for protein breakdown
are virtully not only important for the normal
health and development of living organism but
also for pathological process of many disease.''
The way in which the work of chemists and
enzymologists has lead to the discovery of new
classes of selected inhibitors for individual pro-
teolytic enzymes. These agents are being used
to investigate the role of the enzymes in normal
physiology, and tested for usefulness as drugs
in the control of disordered protein metabolism
Many biological processes required the parti-
cipation of proteolytic enzymes capable of de-
grading compound of the extracellular matrix.
This degradation of intracellular and extracellu-
lar protein is very precisely controlled in the
healthy state, and it is in the very area of con-
trol of biological process.

Many experimental evidences supports the
hypothesis that proteclytic activity may, in fact,
be required for cellular invasiveness®* Accord-
ing to this theory, cells are invasive by virture
of their ability to secrete (or induce secretion
of) proteinases capable of degrading the mole-
cules which compose the barriers they must
cross,” ¥ &1

In most mammalian tissues, structural bar-
rers, including basement membranes, consist of
a meshwork of tightly packed and highly cross-
linked collagen fibils. These fibrils are 1mbeded
in a viscoelastic ground substance whose major
components are structured macromolecular com-
plexes, ie, proteoglycans, glycoproteins and

1, 1%,61,82,115,1]6, 125,131
elastin.
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Numerous reports of increased proteolytic
activity associated with various disease; includ-
ing inflammation, theumatoid arthntis, emphyse-
ma and tumors which obtained either by extrac-
tion or tissue culture techniques, have strengthe-
ned the concept of a primary involvement of
proteinases in all of these disease.™* %1121
lel, 170}

In this review, I will consider the nature of
these enzymes, role of enzymes in normal and
pathological situation, the mechanism of the
control of these enzymes and expectation of the
mhibitors to use as therapeutic purpose of the
disease related to these enzymes.

2 . Classification and location of ce-
llular proteases

The proteases are all of the peptide hydro-
lases in the Enzyme Commission’s Subgroup
345 Proteases devide into two classes, i.e., en-
dopeptidases, and exopeptidases, and it was
useful form of classification for several decades.

Exopeptidases can be allocated at least to
their major classes on the basis of substrate
specificity. Within these classes, substrate speci-
ficity is sometimes simple enough to form the
basis of an acceptable name. Six enzymes be-
long to exopeptidase (peptidases): 1)
nopeptidases, 2) carboxypeptidases, 3) dipep-
tidylpeptidases, 4) peptidyldipeptidases, 5)
dipeptidases, 6) omega-peptidases”

The endopeptidases are more commonly cal-
led proteinases, and five classes; 1) serine pro-
teinases, 2) cysteine proteinases, 3) aspartic

ami-

proteinases, 4) metalloproteinases, 5) unclassi-
fied proteinases. are recognized for the purposes
of nomenclature” The proteinases are umique
among enzymes in that their classification de-
pends on the calalytic mechanisms of their ac-
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tive centers, which are revealed by the use of
inhibitors rather than the substrates which are
so important in the identification of other
enzymes.” Human leukocyte neutral pro-
teinases, collagenase, elastase and cathepsin G
are classified as metallo-proteinases, serine-p-
roteinases and serine-proteinases, respectively.
In the case of elastase, reexammination of the
classification might needs since experimental
evidence showed that human leukocyte elas-
tases showed both characteristics of serine-p-

' Human

roteinases and metallo-proteinases.”
leukocyte collagenases was found in the
granules” and elastase was also found in the
PMN granules™ and is localized in the azur-
ophil granules®

Release of PMN enzyme is specific, there is
no accompanying release of cytoplasmic en-
zymes and agents which raise intracellular
levels of c-AMP, inhibit secretion of enzymes
without affecting phagocytosis, showing that en-
zyme secretion is not due to simply to leakage
mto the external medium duing phagocytosis.
The secretion is thought to be stimulated by a
chemotactic component of complement released

during antibody-antigen interaction.’®”’

3. Biological role of proteinases

1) Angiogenesis

Anglogenesis 1is the production of new blood
vessels via migration and proliferation of en-
dothelial cells from pre-existing capillaries. It
requires invasion of the endothelial cell through
the basement membrane of parent capillary and
into the surrounding tissue and diwvision of en-
dothelial cells to supply the additional cells re-
quired for capillary extension* Angiogenesis
is important in number of physiological condi-
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tions, both normal and pathological, including
vascularization of granulation tissue during

B0i0 and vascular-

wound healing, inflammation,
ization during embryological development and
tissue growth, and vascularization of grafts®
Angiogenesis is also mmportant in the develop-
ment and spread of tumors.™'™"”" They believed
that a tumor lacking a vascular supply is un-
able to grow until the tumor recruits capillaries
to provide it nutrients and to remove its waste

5% The presence of a vascular net-

products.
work near a tumor also provide an exit route
for metastasizing tumor cells*' In the initial
stage in angiogenesis, basement membrane dis-
solution and interstitial tissue degradation re-
quired the production of degradative enzymes'™
The activity of some malignatn cells to release
tissue-destructive enzymes, particularly lysosom-
al hydrolases and collagenolytic enzymes, has
also attracted attention as a passible factor in
promoting tumor invasion.” Treatment of cul-
tured endothelial cells with materials known to
be angiogenic would induce the production of
latent collagenase and plasminogen activator
(PA)"

When cultured bovine capillary endothelial
cells treated with angiogenic preparations; a ly-
sate of human hepatoma cells, an extract of
bovine retina, and conditioned medium from
cultured mouse adipocytes, each of these
angiogenic factors stimulated both PA and la-
tent collagenase production several-fold over
control levels. That this effect was specific was
demonstrated by treating the cells with nsulin,
epidermal growth factor and retinoic acid. None
of which induced proteinase production by
these cells. This phenomenon was specific to
capillary endothelial cells, 1e angiogenesis
occurs only from the microvasculature and not

from large vessels®™
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2) Tissue remodeling

Remodeling of tissues involves the localized
breakdown of extracellular matrix and cell
attachments and the topographical reorganiza-
tion of cells. Several studies have shown that
should be

occured in order for tissue remodeling to pro-

precisely controlled  proteolysis

“ceed. The controls include temporal and hor-
monal controls and also’the presence of specific
proteinased inhibitors, either produced locally
or deneved from the blood" In the absence of
proper modulation, physiological remodeling
events can quickly become pathological.

Most known example of tissue remodeling is
the post-partum involution of uterus. Muscle
proteins, collagen, and elastin are the principle
components of the uterus which must be de-
graded during involution.*'” The loss of non-
fibrous protein in the involuting uterus occurs
linearly, but the loss of fibrous protein 1s com-
pleted quickly'™ Collagen turnover which 1s
very slow in nomal state, is increased exponen-
tially with a half life of only 25h during
involution."”

There are two pathways of collagen break-
down during uterine involution. The first of
these is the degradation of collagen by a clas-
sical vertebrate collagenase at neutral PH.*
Progesterone blocks collagenase production and
uterine involution.™ The other pathway of col-
lagen breakdown in the uterus involves lyso-
somal enzymes. Uterine macrophages phagocy-
tize fragments of collagen, which are then pre-
sumably taken to lysosomes for degradation.”*
" Cathepsin B. cathepsin D, and collagenolytic
cathepsin  do
collagen,” but this is no evidence mvolving
neutrophil elastase and cathepsin G in degrada-
tion of native collagen in uterus involution *

degrade  native  insoluble
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3) Wound healing

Repair of a cutaneous wound requires both
cell migration and tissue remodeling. Epithelial
cell at the margin of the wound must become
detached from their connective tissue base and
migrate across the wound surface, and new fib-
roblasts must move into the center of the
wound, laying down collagen and other ex-
tracellular matrix components and partially re-
serving them during wound contraction.”’ Grillo
and Gross®' found considerable collagenolytic
activity in marginal wound tissue, and less
activity in the granulation tissue. Both the
epithelial and the mesenchymal portions of the
wound tissues were able to lyse collagen gels
when cultured separately. In unwounded skin,
very little collagenolytic activity was observed,
and all of it come from the epithelium, none
from the mesenchyme.® Donoff et al® found
two different collagenase from rabbit skin
wound : one from the epithelium, and the other
from the mesenchyme. These enzymes differed
in their time of appearance, pH optimum, sensi-
tivity to various inhibitors. Donoff et al, post-
ulated that epithelial collagenase might ad in
the

epidermal cells at the wound margin, whereas

cellular detachment and migration of
the mesenchymal enzyme, which appeared only
during active wound repair, might play a role
in collagen remodeling.

Berman” explain the events of corneal ulcera-
tion as following. Severe corneal injury causes
the corneal stroma and epithelhum to secrete
collagenase and the epithehum to secrete PA.
Plasmin degrades the comeal basement mem-
brane and block proper epithelial repair. The
injured epithelium releases or causes the release
of a chemotactic agent, bringing PMNs and fib-
roblasts into the injured area The influx of
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PMNS and fibroblasts lead to ulceration be-
cause these all types release collagenase into
the corneal stroma.

Comeal ulceration arises from healing proces-
ses which have gone wrong way for two
reasons ' (1) Because of the avascularity of the
comea, serum inhibitor of proteinases and col-
lagenase, particularly @ ;-macroglobulin, are not
available to modulate matrix degradation be-
cause of steric limitations to their diffusion. In
support of these notion is the finding that
neovascularization of the injured area prevents
ulceration,” and the proteinase inhibitor would
be diffuse freely into the comea and inhibits
plasmin and collagenase effectively. (2) Persis-
tent epithelial defects resulting from unrepaired
basement membrane “trap” the epithelium in a
physiological state in which it secretes of PMN
and fibroblasts into the wounded area. This
leads to the generation of plasmin and large
amounts of active collagenase, rather than the
small, locally regulated amounts necessary for
remodeling during repair. It provides a good
illustration, along with cancer and arthritis, of
how important the regulation of proteolytic
events occuring in normal physiological situa-
tion is. When these controls are bad, patholo-
gies develop.

4) Remodeling in development

The morphogenesis of organs during embryo-
nic development generally involves changes in
the relative positions of and relationships be-
tween cells. In order for this remodeling to
occur, cells may break pre-existing attachments
and either penetrate extracellular matrix locally,
or degrade it in a path as they move along a

1513

surface.”®™ Proteinases involve the formation of

51)

the partial endoderm in the early embryo.
PA involves in the early morphogonesis and
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Strickland et al®" hypothesize for the role of
PA produced by vpartial endoderm cells
throughout their lifespan : PA through the
mediation of plasmin,"” enabled the cells to mi-
grate along the surface of the trophectoderm™
and participated in the metabolism of Reichert’s
membrane as the embryo expanded.
Proteinases may be involved in the develop-
mental remodeling resulting from induction, or
in breaking down the basement membrane
separating epithelium and mesenchyme, thus
allowing the induction to take place, or both™

5) Tooth eruption

The process of a decidual tooth is lost and
replaced by a permanent tooth involves con-
siderable remodeling of connective tissue, in-
cluding bone, for a period of several weeks
The roots of the decidual tooth must be re-
sorbed, and the channel for the eruption of the
permanent tooth must be enlarged. This channel
is lined by the dental sac, which surrounds the
entire erupting tooth, approaches the routs of
the resorbing tooth, and sends a channel all the

" Collagenase and a nons-

way to the gingiva.
pecific proteinase capable of breaking down in-
soluble collagen of dental sac of erupting
teeth."™

The collasgenase activity was Ca**-depen-
dent and was inhibited by tissue inhibitory fac-
tor. This implies that a closely regulated system
of collagenolysis is operating during tooth erup-
tion.

Collagenase activity arising in the dental sac
diffused out of the sac and was concentrated in
the routs of apposing decidual tooth and in the
surrounding channel of eruption and channel
enlargement to occur. The presence of collage-
nolytic activity in the area of the dental sac
below the permanent tooth as well as above it
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could be reasoned that tooth eruption resulted
from a combination of eruption pathway forma-
tion above the tooth and bone remodeling be-
low the tooth.

6) Host defence (Bacteriocidal)

Among other possible functions, elastase and
cathepsin G in neutrophil leukocytes probably
contribute to the essential function of neut-
rophils in combating “bacterial infection.*”
Blondin et al have demonstrated that PMN
elastase can lyse cell walls of autoclaved bac-
teria, when the latter are species whose pepti-
doglycan cross linkages contain amino acid
sequences similar to those present in tropoelas-
tin or in cross linkages of elastin.” In contrast,
capthepsin G has been reported to be bacter-
iocidal owing to its cationic properties rather
than to its proteolytic activity.'™"™ However,
this same enzyme has also been found to digest
outer membrane protein of Acietobacter 199A
and to potentiate the lytic action of lysozyme
upon this organism.®™ The broad substrate
range of both these enzymes also suggest that
they could function in the digestion of bacterial

™ After several experimental evidences

protein.
were obtained using cell-free system and viable
neutrophils, Blondin et al suggested that neut-
rophil elastase might participate in the break-
down of bacterial protein within PMN. Diges-
tive vacuoles and PMN elastase participates in
E. coli digestion once the microbes have been
injected and killed by the leukocytes."'
Capthepsin G may also play a role in the
digestion of E. coli protems within living hu-
man PMN" However, using cell-free system,
granulocyte capthepsin G has bacteriocidal
activity which is independent of enzymatic
function, thermal inactivation of PMN capth-
epsin G does not affect the microbicidal poten-
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cy of this substance!” Therefore, these two
controversial result cannot explain the mechan-
ism of bacteriocidal effect of capthepsin G.

4 . Pathological role of neutrophil
proteases

1) Rheumatoid arthritis

Rheumatoid arthritis is a chronic inflamma-
tory joint disease in which joint function is
irreversibly last. The course of the disease is
commonly characterized by spontaneous ex-
acerbations and remissions. The onset of dis-
ease usually appears as morning stiffness and
pain in the joints of the hands or feet, followed
by an obvious inflammatory process.*” The
synovium of the affected jont becomes in-
flamed and edematous, and large numbers of
polymorphonuclear leukocytes (PMN) infiltrate
the synovial fluid. The volume of synovial fluid
increases and synovial lining cells become
hyperplastic, as the result a swollen, multi-
layered synovial membrane is formed. This
membrane evolves into an invasive, granuloma-
tous “pannus” as it becomes vascularized and
infiltrated with fibroblasts, Iymphocytes, mac-

71,112,168)

rophages and plasma cells. The collagen
deposited in the proliferative phase appears to
be derived largely from type I molecules,
although some thick fiber bundles comprised of
type I molecules are also observed. In addition,
there occurs a release of prostaglandins as well
as large amounts of proteolytic enzymes includ-
ing collagenase, elastase and cathepsin G. As a
result, areas of articular cartilage on which the
proliferating pannus rests, undergo erosin
through depletion of proteoglycan aggregates
and degradation of collagen fibers. At this
stage, the joint lesions are essentially irre-
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versible®
The progressive character of the proliferative

process eventually leads to an invasion of the
margins of the articular cartilage and ultimately
the erosion of cartilage exposes the subchondral
bone which may also be eroded. The exudative
and proliferative process also result in increased
quantities of synovial fluid is often turbid and
cloudy. The seventy of clinical menifestation in
the joints is related to the degree of cartilage
and bone loss. Ultimately, area of necrosis and
fibrinoid deposition are seen within the prolifer-
ating synovial tissue. Portions of the tissue
however, may lead to the formation of fibrous
adhesions between the eroded articular surfaces
These bridges .of connective tissue may even-
tually take the form of immobile junction, yield-
ing permanent ankylosis* Because of exten-
sive tissue degradation seem in rheumatoid
arthritis, the efforts of many laboratories have
been focussed on defining the role of proteoly-
tic enzymes in this disease. Endogenous en-
zymes capable of degrading proteoglycan and
collagen have been found m the cartilage mat-
rx of nonarthntis cartilage™ and may be re-
sponsible for the normal turnover of the cartil-
age matrix. In pathological situation, including
arthritis, these enzymes may become activated
by exogenous factors or they may be released
from inhibition by proteinase inhibitors normal-
ly present in the cartilage, either because these
whibitors become saturated by exogenous pro-
teinase, or because they are present in reduced
amounts. Because inflammation of the joint and
arrival of large number of PMNs in the syno-
vial fluid are early events in rheumatoid arthri-
tis, PMN-derived enzymes have been impli-
cated in the development of arthritis. Weiss-
mann et al® demonstrated the induction of
arthritis in rabbits by repeated intra-articular in-

—-193-

jections of rabbit leukocyte granules. These gra-
nules contains a number of enzymes; leukocyte
elastase, cathepsin G, and collagenase. Elastase
is able to degrade collagen and proteoglycans

#1018 and cathepsin G is

130,137,138,158)

as well as elastin,
also able to degrade proteoglycans.
Other PMN proteinase including cathepsin D
and B, are capable of degrading proteoglycans
and collagen and found in arthritis joint™
However, because they are active only at acidic
pH, these enzymes are thought to function in-
tracellularly or pericullulary, but not extracellu-
larly,” and their role in the pathogenesis of
arthritis is not clear.

PMN collagenase and elastase may play an
important role in at least the initial phases of
arthritis®* The enzymes, collagenase and elas-
tase in synovial fluid apparently derived from
PMNs are able to degrade fibrils as well as

%% The synovial enzyme is

collagen 1n solution.
a typical vertebrate collagenase : a metallop-
roteinase, active at neutral pH, which cleaves
native collagen fibrils to yield TC, and TCgy
fragments. These fragments are denatured at
37C and the same enzyme can degrade the de-
natured {ragments to peptides of less than
10,000M.W., and the small fragments may be
digested by elastase, cathepsin G.**

Synovial cells have also been shown to pro-
duce other enzymes, including gelatinase*' PA,

activity.®

and an unspecified caseinolytic
However, the origin of gelatinase and caseinoly-
tic activity is not clear because the gelatinase
and caseinolytic activity have. also shown in
PMN leukocyte enzyme preparations, too (un-

published).
2} Inflammation

Inflammation is defined as “a localized pro-
tective response elicited by injury or destruc-
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fion of tissues, which serves to destroy, dilute
or wall off both the injurious agent and injured
tissue”. For the best description of inflammation
process, we go back to Cohnheim® “The first
thing you notice in the exposed vessel is a
dilatation which occurs chiefly in the arteries,
then in the veins, and least of all in the capilar-
ies*~” According to Cohnheim’s description; it
is characterized in the acute form by the clas-
sical signs of pain, heaf, redness, swelling, and
loss of function. Histologically, it involves a
complex series of events, including dilatation of
arteries, capilaries, and venules with increased
permeability and blood flow; exudation of
fluids, including plasma proteins; and circulat-
ing cells migration into the inflammatory
focus'® The circulating cells that are impor-
tant in inflammation include neutrophils, mono-
cytes, eosinophils, lymphocytes, basophils, and
platelets The main connective tissue cells are
the mast cells, which intimately surround blood
vessels, and the connective tissue fibroblasts.
The extracellular connective tissue consists of
basement membrane, the various type of col-
lagen, elastin and proteoglycans. Fibronectin
and laminin are glycoprotein that, together with
some types of collagen (IV, and V) are present
in basement membrane.™ When we look at a
piece of inflammed tissue under a microscope,
the most striking and characteristic thing is the
presence of leukocytes. This cells come from
the blood.”

Both macrophages and PMN leukocytes are
recruited from the circulation to site of in-
flammation by specific stimuli. The inflamma-
tory stimuli and suppressants, in vivo and in
vitro, have linked the effects of these agents to
their ability to modulate the synthesis and
secretion of PA, collagenase, and elastase by
these cells. The mechanisms regulating the re-

—194-

lease of collagenase by the fibroblast and eosi-
nophil are unclear. For the neutrophil, most in-
flammatory stimuli (phagocytosis, immune com-
plexes) result in rapid release of proteinases.
The same is true for alveolar macrophages from

159

experimental animals'® Proteolytic enzymes re-
leased by inflammatory cells initiate the diges
tion of nonviable tissue, fibrin, and denatured
proteins and proteoglycans and may activate
mediators of inflammation™ At least five neut-
ral proteinases have been identified in human
neutrophil; ie, collagenase, elastase, cathepsin
G, gelatinase and plasminogen activator.™ Col-
lagenase is active against collagen types I, II,
and I, and elastase is active against not only
elastin but also fibronectin, collagen type Ml &
IV, and proteoglycans. Given its broad range of
activity extending to many proteins in addition
to these associated with extracellular matrix, it
is likely that neutrophil elastase is active
against laminin and other .extracellular attach-
ment molecules.*

Cathepsin G can degrade a number of pro-
teins including fibronectin™ and laminin®’ in
vitro, 1t may not have a direct role m ex-
tracellular matrix degradation since it is mini-
mally released from viable cells even when the
other azurophil granule contents (including elas-
tase) are liberated™ Perhaps cathepsin G
serves intracellular functions that influence de-
gradation of extracellular matrix™ Some evi-
dences, including my laboratory (unpublished
data) suggests that elastin is degraded by a con-
certed action of elastase and cathepsin G more
rapidly than by elastase acting alone.”

In contrast to elastase and cathepsin G, col-
lagenase and gelatinase have restricted substrate
specificities.™ Since they are formed in specific
granules, however, they are released readily and
more completely in response to chemotactic fac-
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tors and other soluble stimuli then are the pro-
teinases found in the azurophil granules™; this
suggests that collagenase and gelatinase may
serve important functions during cell migration
in vivo™ ,However, leukocyte proteinases in-
cluding elastase and cathepsin G might also
play a pathological role in inflammation.”™ It is,
however, well known that inflammatory ex-
udates like synovial fluids contain plasnia pro-
teins and therefore plasma inhibitors which may
block the activity of these proteases. Leukocyte
enzymes can therefore not play a pathological
role if they are unable to overcome this high
inhibitory power.””

3) Pulmonary emphysema

Emphysema is a condition of the lung char-
acterized by abnormal, permanent enlargement
of the airspaces distal to the terminal bron-
chiole, accompanied by destruction of their
WaHS.m'ZU

Emphysema can be induced by injecting the
bronchial arteries with concentrated chloropro-
mazine solution to form ischemis injury® The
mechanism of ischemic theory of emphysema is
not clear yet. Oxidant gases including NO» and
O; also cause the emphysema*® and the
mechanism of injury was believed to involve an
inflammatory intermediate. Other irritant gases,
including phosgene (COCly), chloride gas, and
cigarette smoke, and cadmium salt are very
strong emphysema inducers*®'®" The most in-
terested one is that habitual cigarette smoking
is probably the single most important etiologic
co-factor in the production of human emphy-

sema.”’

Emphysema is caused by cigarette
smoking accompanied alterations of increased
pulmonary recruitment of cells which can re-
lease elastin-degrading proteases 1n tissues,**®

and also decreased activity of lung elastase
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inhibitors ™™

(Enzyme induced emphysema) . Papain
which is a proteolytic enzyme mixture derived
from the fluid and latex of the papaya tree
causes emphysema in animal””’ It was difficult
to relate papain-induced disease to human
emphysema since papain 1s plant derived.
Therefore many laboratones attempted to prove
induction of emphysema with mammalian pro-
ducts like leukocytes. The alveolar macropha-
ge™ lung fibroblast”  neutrophil®  and
eosinophil”’ are potential cellular sources of
collagenase with the lower respiratory tract of
man. With the notable exception of the neut-
rophil, collagenase release from these cells
appears, to depend upon de novo protein synth-

esis ‘of the enzyme.*
In contrast, the bulk of the neutrophils col-
lagenase activity exists in a preformed state

89)

that is stored after synthesis.® Neutrophil col-
lagenase is readily released into the extracellu-
lar spaces in response to a variety of phagocy-
1720

totic and inflammatory stimuli.” For the neut-
rophil, most inflammatory stimuli result in rapid
collagenase release. The same 1s true for alveo-
lar macrophages™ For human alveolar mac-
rophages, however, collagenase release appears
to be constitutive, ie., unaffective by stimula-
tion®

In contrast to the collagenases, the elastase
are neutral proteases that attack all of the con-
nective tissue structural proteins of alveolar
structures.™* Studies of alveolar macrophage
and neutrophil elastases have demonstrated that
while both are capable of cleaving elastin, they

1% je., the elastase of the

are different enzymes
human neutrophil has classified as a
serine-dependent active site and does not re-
quire free dwvalent cations for its elastolytic

activity.”  According to my prelimmary ex-
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perimental result, human PMN leukocyte elas-
tase shows not only serine proteases activity
but also shows the metalloenzyme activity
which can be inhibited by metal chelators™
Therefore it need more careful and detail
biochemical studies on this enzymes to see the
role of this enzyme in emphysema.

Human alveolar macrophage elastase is
metalloenzyme which is inhibited by metal che-
lating agents.”" In contrast, the neutrophil car-
ries large amounts of elastase in a preformed
state and rapidly releases this elastase in re-
sponse to inflammatory stimuli®

(Other proteases) : In addition to collage-
nase and elastase, there are other proteases cap-
able of destroying some of the proteins that
make up the connective tissue framework of the
alveolar structures. For example, pepsin can
hydrolyze the collagens type I and ll, trypsin
attacks type Il Cathepsin B attacks the pro-
tein portion of proteoglycans,” trypsin destroys
fibronectin.® The relevance of such proteases
to chronic inflammatory disease of the lower re-
spiratory tract is unknown. Neutrophil carries
cathepsin G (a nonspecific neutral protease that
can hydrolyze elastin), and this engyme may
play a role in disorders of the alveolar struc-
ture. Author can demonstrate that cathepsin G
attacks the collagen (unpublished) and inhences
the 137,138)

However, we have to do a lot of work to in-

collagenase and elastase activity.
vestigate the exact tole of cathepsin G in in-
flammatory diseases.

Current concepts of the role of proteolysis 1n
human lung disease derive from the theory that
maintenance of normal alveolar structure is de-
pendent on the existence of a homeostatic ba-
lance between the connective tissue-specific
elastase, collagenase and

proteinases, 1Le.,

cathepsin G, and the antiproteinases that inhibit
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these proteases. In this scheme, disease result
from an imbalance between the connective tis-
sue proteases and antiproteases such that ex-
pression of connective tissue proteolysis is
permitted This can occur in two ways .
either from an excess of proteases or from a
relative deficiency of antiprotease, @, macrog-
lobulin, @ ~trypsin inhibitor™ and other low
molecular weight of inhibitors.™ Detail of the
this topic will be discussed in later chapter.
Facilitation of PMN elastase activity by oxida-
tive inactivation of @-1 PI has been proposed
as a mechanism for lung injury in cigarette
smokers. Specially interested development was
that application of recombinant DNA technolo-
gy to the production of mutant forms of @-1
PI. For example, a molecule identical in all re-
spects to the native inhibitor except for the sub-
stitution of valine for methionine in the active
site (position 358) has been cloned in yeast (S.
Rosenberg's observation). This vanent of @-1
PI is an active inhibitor of PMN elastase and
“Valine
-1-PI” may therefore have considerable ther-

nactivation. a

it resists oxidative
apheutic potential for controlling tissue injury
caused by the synergism between PMN elas-
tase and PMN oxidant like cigarette smoke.

72)

4) Tumor invasion

Theoretically, locomotion and lytic action of
cells, whether normal or neoplastic, should be
two highly interconnected functions. Whereas
physiologic cell migration within the organism
may only require inconspicuous lytic effects at
the molecular level, it is well known that can-
cer cell infilteration is often associated with ly-
tic action easily recognizable at the cellular
level ' Detachment makes cancer cells mobile,
which implies that they can be carried away."”

The essential step for single cancer cell is to
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become motile” or capable of active transloca-
tion is not an automatic consequence of detach-
ment of the single cell state In the body,
cancer cells do not migrate along preformed
pathways or do so only to a minor extent.
They are constantly faced with barriers, among
them the structural manifestations of extracellu-
lar matrix*’

Cancer cells can overcome the barriers physi-
cally through the momentum of theirr prop-
ulsion, at the same time making full use of
their capacity for shape adaptation; or they can
overcome the barrier chemically by lossening or

dissolving it with the help of enzymes.*'

(Mechanisms of tumor invasion)

A) Mechanical pressure - The

theory of invasion proposes that as a tumor ex-

pressure

panded in size; it exerts pressure on surround-

)

ing tissues” The increased pressure causes
rapidly proliferating tumor cells to force therr
within  host

way into altemative locations

tissue®” However, the pressure theory has
limitation since small tumor cell clusters, seper-
ated from the primary tumor, do not appear to
generate increased pressure, yet may be highly
invasive.”” The theory also fail to explain the
lack of metastases from some very large, bulky
tumors. Considering all of the evidence, press-
ure probably play a minor role in the process
of tumor invasion in most cases.

B) Proteolysis of host extracellular matix :
Numerous cross-links and intermolecular bonds
between martrix macromolecules are thought to
. be responsible for the local confinement of
many cell types.” Tumor invasion may there-
fore require the destruction and solubilization of
the tumor-surrounding extracellular matrix.

Utilizing enzyme immunolocalization techni-
ques, it has been shown that lysis of extracellu-
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lar matrix is restricted to multiple, small area of
the tumor invasion zone®™"*™ Such localized
bursts of enzyme activities may be triggered by
favorable conditions in the microenvironment,
appropriate pH, accumulation of catalytic fac-

tors (metal ions) or, depletion of enzyme

501

inhibitors™ They may explain the usually time
consuming process of invasion in most clinical
sittings, and may exemplify the fact that solid
tumors are composed of numorous, heteroge-
nous tumor cell subpopulations which differ
from each other with respect to their invasive
potentials."*’

Enzymatic lysis of host tissues during tumor
invasion may not required the total destruction
115

and dissolution of tissue barriers” It may be
sufficient to lower the level of molecular orga-
nization to reduce the physical resistance of
host tissue to invasion."

Nondestructive, tumor-induced lysis consists
of a reversible, temporary, and focal loosening
of host tissues, which facilitates the invasion of
some neoplasms."” Example of this mechanism
1s the contraction of liver sinusoidal endothelial
cells prior to metastatic invasion by blood--
bome cancer cells®

Collagenase . Collagenase is elaborated by
various normal and neoplastic cells; whereas its
limited production by cells in normal tissues
suggests a role in collagen remodeling proces-
ses, its more frequent occurrence in malignant
tissues suggests an important role in pathologic-

" Tumor cells release

al collagen resorption
collagenolytic enzymes as an aid to their migra-
tion and penetration of the surrounding collage-
nous extracellular matrices, basement memb-

1161

rane." This concept is supported by the corre-
lation of high levels of enzyme activity with
the clinical aggressiveness of some human and

amimal malignancies ™"
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In general, packed properly into fibers, the
native triple-helical region of the interstitial
collagens (Type I, I, and M) is remarkably
impervious to enzyme attack. However, verte-
brate collagenases can attack the native tri-
ple-helical collagen. These enzymes are narrow-
ly defined by their ability to cleave native tri-
ple-helical collagen at the approximate 3/4~
1/4 point between the NH,—~and—COOH ter-

" Collagenase  attack at

mini of molecule.
Gly-Leu or Gly-Ile sequence along the chain®
® This region appears to be unstable, due in
part to decreased number of hydorxproline
Other locations along the triple
helix with these amino acid sequences are not
cleaved by collagenases. The action of verte-
brate collagenase on collagen fibers is consider-
ably than
molecules."” After cleavage of the triple helix
by collagenase, the resultant 3/4 and 1/4

length fragments are thermally unstable at 37°C

residues.’

slower its action on soluble

167;

and denature™ At physiological temperature
the weak hydrogen bonds that stabilize the
helix are by themselves insufficient to maintain
this conformation; thus approximately 1/2 of
the monomeric molecules are denatured at 37C
. When polimerized into fibers, as it is the case
for the majority of collagen molecules in vivo,
the denaturation temperature is increased sigmi-
ficantly above body temperature However, an
enzyme which can cleave the telopeptide re-
gion, between a cross-link and the beginning of
a triple helix, may release collagen monomers
from fibers. This would cause significant helix
denaturation."”"

Elastase : Elastase may be localized in tis-
sue by using the double immunofluorescence
method® Tumor elastolytic activity has been
extract of human breast

demonstrated 1n

651

carcinoma” and in media of several human
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breast carcinima cell lines® Elastase may also
be involved in physiological and pathological
processes associated with acute arthritis, pul-
monary emphysema, acute inflammation, comneal
ulceration, damage to the internal elastic lamina
of arteries and to the kidney basement mem-
brane and cancer invasion®***™%1e

Human leukocyte elastase behaves differently
from pancreatic elastases. For example, its ac-
tion on the oxidized chain of insulin is directed
more toward valine than alanine as the residue
contributing the carboxyl group of the cleaved
bond, the most susceptible bonds being Val-12
and Val-18%, ie., His“-Leu-Val-Glu-Ala"“ and
Tyr*-Leu-Val-Cys-Gly™.
elastase is much less active on fibrous elastin

Human leukocyte
and on succinyl-(Ala)s-p-nitroanilide than the
pancreatic elastase is.”

After sequential purification of the human
neutrophil elastases by gell filtration and High
performance liquid chromatography, three diffe-
rent elastases, which have been named as three
isozymes, showed M.W. : 29,700, 28200 and
26,400 as determined by gel electrophoresis in

" and these three elas-

sodium dodecyl sulfate,”
tases might be different enzymes since we can-
not identify these enzymes as isozyme which
should be followed the definition.™ Isozymes
are defined as a multiple molecular-forms of an
enzyme occuring within a single species as a
result of the presence of more than one structu-
ral gene (commission on biological nomencla-
ture of [UPAC-IUB 1977). Until the genetic
relationships between these various forms of
elastases are clarified, these enzymes should be
called as three different “forms” or “species” of
the enzyme.”

Substrate specificity of elastase . The en-
zyme has a very broad specificity against pro-
tein substrates. It has been reported to hydroly-
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se elastin, collagen, proteoglycan, azo-casein.”’

Elastase solubilizes insoluble collagen, being as
active or even rather more active, against type
I collagen of bovine articular cartilage than
against type I collagen of bovine achilles ten-
don. This is in marked contrast to mammalian
collagenases which are much more active
against type I collagen than type [I."** Analysis
of the reaction products resulting from the
digestion by elastase of collagen in solution
shows that the enzyme cleaves the extra-helical
cross-link region of the collagen fibrils, causing
release of single chain which then be futher
degraded.® It is presumably the cleavage of
the cross-link regions which allow elastase to
solubilize insoluble collagen, converting is into
a form susceptible to degradation by the speci-
fic mammalian collagenases."*”

Proteolytic activity of elastase showed much
higher in muxture of elastase and cathepsin G
(which will be discussed later) than -elastzse
alone does (unpublished observation). Therefore,
these might be enhanced proteclytic activity of
three enzymes; elastase, collagenase, and ca-

%) Elastase is ac-

thepsin G, in cancer invasion.
tive in neutral pH and is activated by various
ions, Ca™, Mg**, Zn™*, Na*, K", Li" ™%
Capthepsin G . This enzyme has been sho-
wn to hydrolyze haemoglobin and fibrinogen,™
casein, azocasein, collagen, and proteoglycan.!®
Capthepsin G attacks the core protein degra-
ding 1t to {ragments containing 5-12 condroitin
sulfate side-chains, and also digests the larger
of the two link proteins.**
The enzyme solubilizes collagen, being more
active against type Il than type I collagen.*
The specificity of cathepsin G aganst the in-
sulin B chain is similar to, though not identical
with, that of porcine chymotrypsin C* Capth-
epsin G is active against a variety low molecu-
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lar weight substrates, all of which are also subs-
trates of chymotrypsin.*®’ Cathepsin G has a pH
optimum of 7.5-78 with azo-casein and
B,-DL-Phe-2-ONap."*®

Plasminogen activator may also involve 1n
tumor invasion, growth, and fibrinolysis.""" Plas-
minogen activator (PA) converts the zymogen
plasminogen to the active proteinase plasmin,
which in tun can degrade fibrin, fibronectin,

20, 105 It can

lominin, and other protein substrates.
also serve as an activatior of other proteolytic
zymogens, such as latent collagenase® There-
fore PA can also generate substantial proteoly-
tic activity within the cellular microenvironment
by means of well-established cascade mechani-

20,1051

sms.*"*" The following properties of malignant
tumors have been correlated with increased PA
activity and the generation of plasmin : anchor-
age independent growth; induction of cell divi-
sion; cell migration; cytoskeletal and cell sur-
face alteration; tumorigenicity of viral transfor-
mations in nude mice; and invasion and metas-

tatic potential of various cell lines**'
5) Aneriosclerosis

Arteriosclerosis is a very complex disease
which is probably generated by a variety of fac-
tors. One of the characteristic features of this
disease 1s the fragmentation of elastin fibers
within the media of arterial walls. This suggests
that elastolytic enzymes might intervene in the
origin and/or development of arteriosclerosis."”’

The role of tissue elastases in the pathogene-
sis “of arteriosclerosis 1s more likely than pan-
creatic elastase is sine the possibility of intes-
tinal absorption of proteases is extremely low
and serum antitrypsin and @ ,—macroglobulin
are extremely potent elastase inhibitors. Horne-
back et al have found that there 1s a pesitive
correlation between the concentration of human
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arterial elastase and the degree of atheroma-

bb i

tosis.”" On the other hand, platelet elastase may
be considered as a factor which accelerates the
evolution of the arteriosclerotic plagues. In this
respect, it is worthwhile noticing that cholester-
ol-induced arteriosclerosis in rabbits is amerio-
rated by a treatment which reduces the blood
platelet number.”

A striking feature of arteriosclerosis is the de-
position of various substances into the arterial
wall. Such compounds may interact with the
elastic fibers and may increase their susceptibil-
ity to elastase attack. Therefore it might be
specculated that elastase constitutes an aggre-
gating rather than an initiating factor of

arteriosclerosis."”’

5. Control of neutral proteinases

A large number of naturally occurring pro-
teinase inhibitors serve to control the endoge-
nous proteinases, i.e., limit their reactions local-
ly and temporally.*® They may also inhibit
protenases introduced into the body by infective
and parasitic agents. It seems obvious that a
disturbance of proteinase/proteinase inhibitors
balance can lead to proteinase-mediated tissue

destruction, ie., tumor invasion,’*"' emphyse-

)

ma,"*' arthritis*'® arteriosclerosis,”” and pro-

bably other pathological conditions.
1) Endogenous inhibitors.

(a) Plasma protemnase inhibitors : Proteinase in-
hibitor comprise 10% of the human plasma
proteins *' At least eight inhibitors, @ -anti-
trypsin, @ -antichymotrypsin, @ ;-macroglo-
bulin, inter- @ -trypsin inhibitor, @ y-plasmin
inhibitor, @ j-anticollagenase, C-1-inactivator,
antithrombin [, @ ,-thiolproteinase inhibitor,
has been isolated and characterized to date.”

@ ;-Macroglobulin has the broadest spectrum
of inhibition™"" reacting with proteinases of
all classes. It effects the very rapid clearance

" Due to its

of proteinases from the plasma.
large size, it diffuses poorly into tissues and
secretions, thus, its main role may be policing
the invascular space.”

@ ;~Proteinase inhibitor is another defensive
inhibitor, and it is the largest molar concen-
tration in plasma and displays a broad spec-
trum of inhibition on serine proteinases. On
the other hand, @ ;-antichymotrypsin is a
very specific chymotrypsin inhibitor® The
importance of @ ;-PI and @ ;-antichymotryp-
sin in the defence against tissue destruction is
the fact that both are “acute phase protein”,
thus  increasing  during  inflammatory
responses.” B -anticollagenase (£;AC) is
another highly specific proteinase inhibitor,
controlling only the action of mammalian

168)

collagenases.® @ ,-Thiol PI may be impor-
tant in controlling the action of cathepsin B
and other thiol proteinases.””' Inter- @ -trypsin
inhibitor (I @I) does not play a major defen-
sive role by itself” and it 1s not clear the
role of this inhibitor yet. Elastases are pri-
marily inhibited by @-PI and collagenases
by B,AC Although @ ;-macroglobulin is
the predominant inhibitor of cathepsin G in

"9 in terms of protecting tissues, @

plasma,
1-antichymotrypsin is probably the more im-
portant inhibitor due to its ability to diffuse
more easily into the extravascular space.™

The ability of plasma proteinase inhibitors to
prevent tissue destruction is determined not
only by their presence in plasma and their
affinities for proteinases, but most importantly
by their ability to diffuse into the extravascu-
lar space® A firm indication that certain

plasma proteinase inhibitors play a role in



Kooil Kang : THE ROLE OF NEUTRAL PROTEINASES IN CELLULAR INVASION

protecting tissues from proteolytic attack is
derived from the fact that proteinase/plasma
proteinase inhibitor complexes are found reg-
ularly at the sites of tissue destruction® In
synovial fluid of patients with rheumatoid
arthritis, one generally find an excess of free
@,-PI and @,M together with their
complexes*"** Since neither @ -PI nor @
oM can penetrate cartilage their actions
seem to be confined to the synovial fluid®
In purulent sputum from patients with chronic
bronchitis, an excess of free proteinases,
together with saturated plasma proteinase in-
hibitors, is found.”

A 1le of proteinase inhibitors in the
pathogenesis or the prevention of certain dis-
ease states can also be infered from an asso-
ciation of altered plasma levels with disease.
Three aspects are; (1) altered plasma pro-
teinase inhibitor levels causes or facilitates a
disease, (2) altered plasma proteinase inhibitor
levels as a result of disease associated con-
sumption, and (3) altered levels as a nonspeci-
fic defence mechanism ie., acute phase.

(b) Tissue inhibitors : In addition to the plasma
proteinase inhibitors which are called to sites
of injury and tissue destruction (inflamma-
tion), the tissues themselves produce or at
least store proteinase inhibitors which are
ready to contain possible proteolytic attacks.”
Cartilage, muscle, mucous secretion, lung,
bone, tendon, skin, spleen, aorta, uterus, *brain
contain protemase inhibitors which are diffe-
rent molecular weight and specificity to
substrates.”

The presence of proteinase inhibitors in car-
tilage 1s thought to be the reason why cartil-
age is rarely invaded by tumors®™ It should
be noted that cartilage 1s also resistant

)

vascularization,” which is a prerequisiste for
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tumor growth” and thus also for tumor
invasion."® In human cartilage a low molecu-
lar weight inhibitor against trypsin and col-
lagenase has been 1dentified and named as
“anti-invasive factor (AIF)"®® AIF has not
only anti-protease activity but also anti-prol-

erative activity,"

and Kuettner's group sug-
gested that AIF might act as local regulators
for some of the major mechanistic pathways
by which tumor cells are thought to invade
host tissues and metastasize to distant sites.
In addition AIF may inhibits tumor neova-
scularization™

In muscle, proteinase inhibitors not only de-
fend against proteolytic injury but are prob-
ably involved in the continuous process of re-
modeling and restructuring of this tissue.’
Human mucous secretions are rich in a low
molecular weight acid-stable proteinase inhi-
bitor™ It inhibits strongly the leukocytic ela-
stase and cathepsin G, but not the collagena-

se”

2) Exogenous inhibitors

If the assumption that tissue destruction re-
sults when the balance between proteinase and
the endogenous inhibitors is upset in favor of
the enzymes, is correct, it follows that tissue
damage may be reduced or prevented by the
introduction of exogenous inhibitors. In order to
be useful in an in vivo situation, such inhibitors
must fulfill at least fine criteris; a) specificity; b)
efficiency/potency; ¢) low toxicity; d) lack of
antigenicity; e) bioavailability.

(a) synthetic inhibitors

Major classes of small molecular inhibitors

are . reversible inhibitors, transition analogs,

affinity labels, and miscellaneous.” Of the re-
versible-type inhibitors trifluoroacetyl

90,91)

oligopeptides, the corresponding peptide
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118,119} are the

anilides, and peptide carbazates
most widely investigated. Peptides and pep-
tide anilides probably represent “poor” com-
petitive substrates or perhaps resemble to
structure of natural protein or peptide pro-
teinase inhibitors.” Peptide carbazates contain
an “aza amino acid” in which the @ -methine
group is replaced by a nitrogen. The in-
termediate formed with carbazates during en-
zymatic reaction is considerably more slowly
deacylated due to the adjacent nitrogen atom
than the normal acyl enzyme."¥ Other peptide
derivatives include a peptide hydroxamic acid
may serve as an inhibitor of marhmalian
collagenase.™ Some amides and guanidines
are potent inhibitors for serine proteinases;
kallikrelins,  trypsin, thrombin,
however, none are known to interact with tis-

plasmin,

sue destroyimng enzymes.” Transition state
analogs find for more tightly then their cor-
responding substrates, due to the fact that
they form complexes at the catalytic site of
the enzymes® Boronic acids and aldehydes
form tetrahedral adducts to serine proteinases
and are thus good inhibitors. It would appear
that changing the R-group to satisfy the spe-
cificity requirements of a given proteinase
should result in both potent and specific
inhibitors.™"

Affinity labels
which contain a group that reacts covalently
with a constituent or group at or near the ac-

are 1irreversible inhibitors

tive site. Oligopeptide-chloromethyl ketone
with very high degrees of specificity and

reactivity towards human leukocyte elastase™

and cathepsin G™ have been synthesized.
Chloromethyl ketones also inhibit thiol pro-
teinase. Diazomethyl ketones, with high speci-

ficity and reactivity against thiol enzymes,"’
1950 104)

sulfonyl fluorides™' and organophosphates,
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are also showed irreversible inhibitions on
serine proteinase, thiol proteinases and elas-
tases. Gold sodium thiomalate and pentosan
polysulfate also inhibit human PMN leuko-
cyte elastases 40% and 60% respectively.”

(b) Microbial proteinase inhibitors

Actinomycetes produce a number of small
molecular weight compounds which inhibit
proteinase*® Leupeptin, antipain, chymosta-
tin, elastatinal, pepstatin, phosphoramidon,
elasnin, bestatin are the examples of micro-
bial proteinase mhibitors.

3) Effects of proteinase inhibitors

(a) Antitumor effects . Proteinase inhibitor has

been known as effective inhibitors of both

155}

tumorigenesis™ and tumor invasion Carti-

lage-derived antiinvasive fector (AIF) con-
tains the following anti-invasive activities";
(1) proteinases (collagenase and elastase[un-
published data]) inhibitory activity; (2) antipro-

liferative and anti-migratory activities directed

against endothelial cell (anti-angiogenetic
activity); and (3) tumor growth inhibitory
activity. € ~Amino-caproate inhibits tumor

155

promotion but not induction.™ Leupeptin and

bestatin inhibit both growth and metastasis of

153)

several types of experimental tumors.

(b) Effects on emphysema : @ =PI, elastinal

(microbial elastase inhibitors) shows very

effective against emphysema in animal.™ In

addition, a number of synthetic elastase in-

hibitors, including a chloromethyl ketone™

100)

and peptide carbazate' have been shown to

be effective in experimental emphysema.
Other elastase inhibitors have been pattented

potential

164,101)

as therapeutic ~ agents  in

emphysema.

(¢) Antiinflammation : Peptide aldehydes have
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been shown to inhibit carrageenin-induced
edema,™ and aprotinin has been shown to in-
hibit a variety of experimentally induced ede-
ma reactions, however, its action is mostly

160) a_nd

due to its inhibition of kinin system
perhaps to other pharmacological actions, eg.,
on the vascular system, or its effect on leuko-
cyte degranulation.”™

It has been suggested that some clinically
used antiinflammatory agents may act by in-
hibiting proteinases.* However, the inhibition
occurs only at unreasonably high concentra-
tions of the agents tested, making an anti-
proteolytic effect at therapeutic dosages

unlikely.®

6 . Conclusion

The production of a variety of proteinases
accompanies the invasive behavior of a large
diversity of cell types in both normal and
pathological situation. The inference that pro-
teinases play a causal, obligatory role in cell
invasivenes, however, is still based on circum-
stantial evidences since proteases production
has been momitored as a result of invasive
events, rather than the reverse. Even though
there are some critical opinion interpretation of
expenmental evidences using experimental
animals and in vitro experiments, these ex-
penimental approaches are still the most reson-
able and available ways on scientific medical
research. One promising approach for obtaining
more direct evidence for the interpretation that
proteinase production is required for cells to be
invasive would rely on in vitro and/or in vivo
assays in which cell invasion is blocked with
purified natural proteinase inhibitors. This ex-

ample is cartilage extract anti-invasive factor
(AIF) which has been shown to block both
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neovascularization and tumor cell invasion®*’

Once purified, these inhibitors could be intro-
duced into assays of neovascularization or
tumor cell invasion through cellular and non--
cellular barries®™ In any experimental system,
the proteinases should be inhibited specifically
and completely, while other parameters of the
system remain unchainged. In addition, the
assay must be complex enough to measure cell
invasiveness, no simply cell movement or cell
division, yet defines enough that the cell type
producing the proteinase is known.

Another experimental approach that would
satisty the criteria would be to use monospeci-
fic antibodies raised against each of the en-
zymes that to be involved and capable of fully
neutralizing enzymatic activity.

If we can demonstrate that specific pro-
teinases can be shown to be responsible for the
ability of cells to be invasive, and if the inva-
sive behavior of cells can be prevented with
specific proteinase hibitors or with specific
antibodies directed against individual pro-
teinases, this would have exciting therapeutic
umplications for cancer, arthritis and diabetic re-
tinopathy. Synthetic inhibitors, purified pro-
teinase inhibitors and specific antibodies might
be targeted to the cells causing the pathology,
so that metastasis, cartilage erosion, and
neovascularization, could be prevented.

Acknowledgement

The auther wish to thank to Mr. Sa Youl
Ghim and Miss Hye Young Jeong for their typ-
ing and reviewing the manuscript.

REFERENCES

1. Baici A : Structure and breakdown of proteogly-



10.

11,

ETHANEREAT MR (2R 15, 1986

cans, collagen, and elastin. In : Proteinases and
Tumor Invasion. Strauli P, Barrett AJ, Baici A
eds., New York, Ravin Press, 1980, pp.17~47

. Baici A, Salgam P, Fehr K, Bani A : Inhibition

of human elastase from PMN leukocytes by
gold thiomalate and pentosam polysulfate.
Biochem Pharmacol 30 : 703, 1981

. Barrett AJ : The possible role of neutrophil pro-

teinases in damage to -articular Cartilage. Agents
Actions 8 : 11, 1978

. Barrett A] : Introduction, the classification of

proteinases. In : Proteolysis in Health and Dis-
ease. Evered D, Whelan eds., Amsterdam, Excer-
ta Medica, 1980, pp.1~13

. Barrett AJ : The cellular proteinases. In ; Pro-

teinases and Tumor Invasion. Strauli P, Barrett
AJ, Baici A eds., New York, Ravin Press, 1980,
pp. 59~67

. Baugh R]J, Schnebli HP : Role and potential

therapeutic value of proteinase inhibitors 1 fis-
sue destruction. In . Proteinases and Tumor In-
vasion. Strauli P, Barrett AJ, Baict A eds., New
York, Ravin Press, 1980, pp.157~180

. Baugh R]J, Travis J : Human leukocyte granule

elastase . rapid isolation and characterization.
Biochemistry 15 : 836, 1976

. Bell DP, Elmes PC : The effects of chlorine

gas on the lungs of rats with spontaneous pul-
monary disease ] Pathol Bacteriol 86 : 317,
1963

. Berman MB : Collagenase in normal and patho-

logical connective tissue. Woolley DE, Evanson
JM eds., New York, John Wiley & Sons, 1980,
pp. 141~174

Bieth J : Elastase : structure, function and patho-
logical role. Front Matrix Biol 6 ; 1, 1978
Blondin J, Janoff A, Power JC : Digestion of E.
col proteins by human neutrophil elastase and
chymotrypsin-like enzyme(cathepsin G) ! experi-

ments with a cell-free system and living leuko-

- 204 -

12.

13.

14.

15.

16.

17.

18.

19.

Z0.

21.

22.

cytes. In : Neutral Proteases of Human Polymor-
phonuclear leukocytes. Havemann K, Janoff A
eds., Baltimore, Urban & Schwarzenberg, 1979,
pp. 39~55

Blow AM : Action of human lysosomal elastase
on the oxidized -chain of insulin. Biochem ]
161 ; 13, 1977

Blow AM]J, Barrett AJ : Action of human lyso-
somal cathepsin G on the oxidized -chain of in-
sulin. Biochem J 161 : 17, 1977

Boren GH : Carbon as a carrier mechanism for
irritant gas. Arch Environ Health 8 ; 119, 1964
Bomstein P, Sage H : Structurally distinct col-
lagen types. Annu Rev_Biochem 49 : 957, 1980
Boudier C, Holle C, Bieth JG : Stimulation of
the elastolytic activity of leukocyte elastase by
leukocyte cathepsin G. ] Biol Chem 256 :
10256, 1981

Brecher G : On the nomenclature of white cell
movements. Blood Cells 2 : 473, 1976
Brem H, Falkman :Inhibition of
angiogenesis mediated by cartilage. J Exp Med
141 : 427, 1975

Carp H, Miller F, Hoidal JR, Janoff A ; Poten-
tial mechanism of emphysema : alpha 1 pro-

tumor

teinase inhibitor. recovered from lungs of
cigarette .smoker‘s’ contains oxidized methionine
and has decreased elastase inhibitory capacity.
Proc Natl Acad-Sci USA 79 : 2041, 1982
Christman JK, Silverstein SC, Acs G : Plasmi-
nogen activators In ; Research Monographs in
Cell and Tissue Physiology. Vol.2, Barrett AJ
ed., Amsterdam, North-Holland, 1977, pp.91~
149

Chronic  bronchitis, asthma, and pulmonary
emphysema. Statement of the Amencan thoracic
society by the commuttee on diagnostic stan-
dards for nontuberculous respiratory disease. Am
Rev Respir Dis 85 : 762, 1962

Cohen P, McCombs HL : Platelets and ather-



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Kool Kang : THE ROLE OF NEUTRAL PROTEINASES IN CELLULAR INVASION

ogenesis [, amelioration of cholesterol ather-
ogenesis in rabbits with reduced platelets counts
as a result of 32p administration. J Atheroscler
Res 8 : 389, 1968

Cohnheim ] : Lecture on general pathology(a
handbook for practitioness and students). Lon-
don, New Sydnham Soc., 1889

Cotran RS : The endothelium and inflammation
: new sight. In : Current Topic in Inflammation
and Infection. Majno G, Cotran RS, Kaufman N
eds., Baltimore, Williams & Wilkens, 1982,
pp. 18~37

Dewald B, Bretz U, Baggiolini M : Release of
gelatinase from a novel secretory compartment
of human neutrophils. J Clin Invest 70 ; 518,
1982

Dewald B, Rindler-Ludwig R, Bretz U, Bag-
giolini M : Subcellular localization and heter-
ogeneity of neutral proteases in neutrophilic
polymorphonuclear leukocyte. J Exp Med 141 :
702, 1975

Dingemans KP, Roos E, Bergh VD, Weerman
MA, Pavert ID :Invasion of liver tissue by
tumor cells and leukocytes : comparative ultras-
tructure. J Natl Cancer Ins 60 : 583, 1978
Donoff RB, McLennon JE, Grillo HC : Prepara-
tion and properties of collagenases from epithe-
lium and mesenchyme of healing mammalian
wound. Biochim Biophys Acta 227 ; 639, 1971.
Dresden MH, Heilman SA, Schmidt JD : Col-
lagenolytic enzymes in human neoplasms Can-
cer Res 32 :993, 1972

Eaves G : The invasion growth of malignant
tumors as a purely mechanical process. ] Pathol
109 : 233, 1973

Edwards DW : A summary of the third confer-
ence on research i emphysema, airpolution, and
chronic pulmonary insufficiency. Session V. Am
Rev Respir Dis 38 : 581, 1961

Ethenngton D] : Collagenolytic-cathepsin and

— 205~

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

acid proteinases activities in the rat uterus dur-
ing post partum involution. Eur | Biochem 32 :
126, 1973

Evanson JM, Jeffrey JJ, Krane SM : Studies
on collagenase from rheumatoid synovium in tis-
sue culture. J Clin Invest 47 ; 2639, 1968
Falkman J : Tumor angiogenesis; therapeutic im-
plications. N Engl ] Med 285 ; 1182, 1971
Feinstemn G : Studies on inhibitor complexes of
granulocyte neutral protease with endogenous
serum inhibitors and actinomycetes polypeptides.
In : Neutral Proteases of Human PMN Leuko-
cytes Havemann K, Janoff A eds, Baltimore,
Urban & Schwarzenberg, 1978, pp 179~190
Fidler IJ, Gersten DM, Hart IR : The biology of
cancer invasion and metastasis. Adv Cancer Res
28 1149, 1978

Folkmann J, Merler E, Abernathy C, Williams
G : Isolation of a tumor factor responsible for
angiogenesis ] Exp Med 133 : 275, 1971
Freedman VH, Shin SI : Cellular tumorigenicity
mn nude mice : correlation with cell growth in
semi-solid medwm. Cell 3 : 355, 1974
Frommer W, Junge B, Miiller L., Smidi D,
Truscheit E : New enzyme inhibitors from micro
organisms Planta Med 35 : 195, 1979

Gadek J, Fells GA, Crystal RG : Cigarette
smoking induces functional antiproteases de-
ficiency in the lower respiratory tract of humans.
Science 206 : 1315, 1979
Gadek JE, Fells GA, Zimmerman RL, Crystal
RG : Role of connective tissue proteases in the
pathogenesis of chronic inflammatory lung dis-
ease. Environ Health Perspectives 55 : 297,
1984
Gadek JE, Hunninhake GW, Fells GA, Zimmer-
man RL, Crystal RG : Production of connective
tissue specific proteases by human alveolar mac-
rophages is constitutive. Am Rev Respr Dis
123 : 55, 1981



43.

44.

45.

46.

47.

48.

49.

50.

51,

BIMARBES HNE E2h F1K 1986

Gadek JE, Hunninghake GW, Fells GA, Zim-
merman RL, Keogh BA, Crystal RG : Evalua-
tion of the proteases-antiproteases theory of dis-
tructive lung disease. Bull Eur Physiopath Re-
spir 16 : 27, 1980

Gay S, Miller EJ ! Collagen. In ; The Physiolo-
gy and Pathology of Connective Tissue. New
York, Gustav Fischer Verlag, 1978, pp.1~109
Gimbrone Jr. MA, Martin BM, Baldwin WM,
Unonune ER, Cofran RS : Stimulation of vascu-
lar cell growth by macrophage products. In ;
Pathophysiology of Endothelial Cell. Nossel
HL, Vogel HJ eds., New York, Academic Press,
1982, pp.3~17

Glass RH, Aggeler J, Spindle A : Degradation
of extracellular matrix by mouse trophoblast out-
growths  a model for implantation. J Cell Biol
96 . 1108, 1983

Goldfarb RH, Quigley JP : Synergistic effect of
tumor virus transformation and tumor promotor
treatment on the production of plasminogen acti-
vator by chick embryo fibroblasts. Cancer Res
38 : 4601, 1978

Graf M, Baici A, Strauli P : Histochemical loca-
lization of cathepsin B at the invasion front of
the rabbit V, carcinoma. Lab Invest 45 : 587,
1981

Grillo HC, Gross ] : Collagenolytic activity dur-
ing mammalian wound repair. Develop Biol 15
1 300, 1967

Gross J, Highberger JH, Johnson-Wint B, Bis-
was C : Model of action and regulation of tissue
collagenases. In : Collagenase in Normal and
Pathological Connective Tissue. Woolley DE,
Evanson JM eds, New York, John Wiley &
Sons, 1980, pp.11—~35

Gross JL, Moscatelli DA, Rifkin DB : Increased
capillary endothelial cell protease activity in re-
sponse to angiogenic stimuli in vitro. Proc Natl
Acad Sci USA 80 : 2623, 1983

—206 -

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Gross P, Babjak MA, Tolker E, Kaschak M :
Enzymatically produced pulmonary emphysema
:a preliminary report. J Occup Med 6 : 481,
1964

Haataza M, Fraki JE, Vainio E : Effect of anfi-
rtheumatic drugs on protemases in synovia of pa-
tients with rheumatoid arthritis Int J Clin Phar-
macol 16 : 417, 1978

Hail NA, Lewis DA, Strulhers G : Neutral pro-
tease, collagenase and elastase activities m syno-
vial fluds from arthritis patients. Agents and Ac-
tion 15 : 436, 1984

Harpel PC : Human a ;-macroglobulin. Methods
Enzymol 45 : 639, 1976

Harper E : Collagenases. Ann Rev Biochem 49
- 1063, 1980

Harris ED. Jr, DiBona DR, Krane SM : Collage-
nases in human synovial fluid. J Clin Invest 48
2104, 1969

Harris ED Jr, DiBona DR, Krane SM : Immuno-
pathology of inflammation. Forscher BK, Houck
JC eds., Amsterdam, Excerpta Medica, 1971,
pp 243~253

Hart IR, Fidler IJ : Cancer invasion and metas-
tasis Q Rev Biol 55 : 121, 1980

Hartly
Biochem 29 : 45, 1960

Hascall VC : Interaction of cartilage proteogly-

BS : Proteolytic enzymes. Ann Rev

cans with hyaluronic acid. J Supramol Struct 7
. 101, 1977

Heimburger N : Proteinase inhibitors of plas-
ma-therr properties and control functions. In :
Proteases and Biological Control. Reich E, Rif-
kin DB, Shaw E eds., New York, Cold Spring
harbor Labrotory, 1975, pp 367386

Hocking WG, Golde DW : The pulmonary
alveolar macrophage. N Engl ] Med 301 : 639,
1979
Hoffmann-La
2,727,670

Roche : Dipeptides. Ger Offen



65.

66.

67.

68.

69.

70.

71.

72.

73.

74,

75.

76.

Kool Kang : THE ROLE OF NEUTRAL PROTEINASES IN CELLULAR INVASION

Homebeck W, Brechemier D, Bellon G, Adnet
JJ, Robert L : Biological significance of elas-
tase-like enzyme in arteriosclerosis and human
breast cancer In : Proteinases and Tumor Inva-
sion. Strauli P, Barrett AJ, Baici A eds., New
York, Ravin Press, 1980, pp.117~141
Homebeck W, Derouette JC, Robert L : Isola-
tion, purification and properties of aortic elas-
tase. Fed Eur ] Biochem Soc Lett 58 : 66,
1975

Horwitz AL, Hance AJ, Crystal RG : Granulo-
cyte collagenase selective digestion of type I re-
lative to type [ collagen. Proc Natl Acad Sci
USA 74 :897, 1977

Hunninhake GW, Gadek ], Crystal R . Mechan-
1sm by which smoke attracts polymorphonuclear
leukocytes to lung. Chest 77 : 273, 1980
International Union of Biochemistry | Enzyme
nomenclature. Academic Press, New York, 1978.
Janoff A : Neutrophil proteinases in inflamma-
tion. Ann Rev Med 23 :1, 1972

Janoff A : Granulocyte elastase : role in arthritis
and pulmonary emphysema. In’: Neutral Pro-
teases of Human Polymorphonuclear leukocytes.
Haveman K, Janoff A eds., Baltimore, Urban &
Schwarzenberg, 1977, pp 390~417

Janoff A : Elastase in tissue injury Ann 'Rev
Med 36 : 207, 1985

Janoff A, Blondwn J : The effect of human gra-
nulocyte elastase on bacterial suspension. Lab
Invest 29 : 454, 1973

Janoff A, Carp H, Lee DK, Drew RT : Cigarette
smoke inhalation decreases alpha 1-antitrypsin
activity in rat lung. Science 206 : 1313, 1979
Janoff A, Feinstein G, Malemud CJ, Elias JM :
Degradation of a cartilage proteoglycan by hu-
man leukocyte granule neutral proteases-a model
of jomt injury J Clin Invest 57 : 615, 1976
Janoff A, Havemann K : Neutral proteases of hu-
man PMN leukocytes. Baltimore, Urban &

—= 207 —

77.

78.

79.

80.

8l.

82.

83.

85.

86.

87.

Schwarzenberg, 1978, pp. 1 ~458

Janoff A, Linga R, Dearing R : Levels of elas-
tase activity in bronchoalveolar lavage fluds of
healthy smokers and nonsmokers. Am Rev Re-
spir Dis 127 : 540, 1983

Janoff A, Scherer ] : Mediators of inflammation
in leukocyte lysosomes : [X, elastinolytic activity
in granules of human PMN leukocyte. ] Exp
Med 128 : 1137, 1965

Kang K : Characterization of human leukocyte
elastase. University Microfilms International,
Ann Arbor, Mi,, 1985

Kao RT, Wong 1M, Stern R : Elastin degrada-
tion by proteases from cultured human breast
cancer cells. Biochem Biophys Res Commun
105 : 383, 1982

Karlinsky JB, Snider GL : Animal models of
emphysema. Am Rev Respir Dis 117 : 1109,
1978 ,

Kefalides NA, Alper R, Clark CC : Bioéhemistry
and metabolism of basement membranes. Int
Rev Cytol 61 : 167, 1979

Kelman J, Brin S, Horwitz A, Bradley K, Hance
A, Breul S, Baun B, Crystal R : Collagen
synthesis and collagen production by human
lung fibroblasts. Am Rev Respir Dis 115 : 343,
1977

Knight GC : Principles of the design and use of
synthetic substrates and inhibitors for tissue pro-
temases. In : Proteinases in Mammalian Cell
and Tissues Barrett AJ ed, Amsterdam, Else-
vier/North Holland, pp.583—636

Kuettner KE, Hit1 ], Eisenstein R, Harper E :
Collagenase inhibition by cationic proteins de-
nved from cartilage and aorta. Biochem Biophys
Res Commun 72 : 40, 1976

Kuettner KE, Pauli BU : Vascularity of cartil-
age. In: Cartilage. Voll. Hall BK ed, New
York, Academic Press, 1982, pp.281~312
Kuettner KE, Soble L, Croxen R, Marczynska



88.

89.

90.

9l.

92.

93.

94.

95.

96.

T

B, Hiti J, Harper E : Tumor cell collagenase
and its mhibition by cartilage-derived protease
inhibitor. Science 196 : 653, 1977

Laurell CB : Variation of «i-antitrypsin level
of plasma In ; Pulmonary Emphysema and Pro-
teolysis. Mittman C ed, New York, Academic
Press, 1972, pp.161~166

Lazarus GS, Daniels JR, Brown RS, Bladen
HA, Fullmer HM : Degradation of collagen by
human granulocyte collagenolytic system. ] Clin
Invest 47 : 2622, 1968

Lestienne P, Bieth JG : The inhibition of hu-
man leukocyte elastase by basic pancreatic tryp-
sin inhibitor Arch Biochem Biophys 190 : 358,
1978

Lestienne P, Dimicoli JL, Bieth J:Tnf
luoroacetyl tripeptides as potent inhibitors of hu-
man leukocyte elastase. J Biol Chem 252 :
5931, 1977

Levy H, Shaked I, Femnstein G Proteinases
and their mhibitors. Turk V, Vitale L] eds., Ox-
ford, Pergamon Press, 1981, pp.345~352
Liotta LA, Goldfarb RH, Terranova VP : Cleav-
age of lammnin by thrombin and plasma: «
~thrombin selectively cleaves the £ chain of
lammnin Thrombosis Res 21 : 663, 1981

Liotta LA, Tryggvason K, Garbisa S, Hart I,
Foltz CM, Shofic : Metastatic potential core-
lates with enzyme degradation of basement mem-
brane collagen. Nature 284 : 67, 1980

Lively MO, Powers JC : Specificity and reactiv-
ity of human granulocyte elastase and cathepsin
G, porcine pancreatic elastase, bovine chymot-
rypsin and trypsin toward inhibition with sul-
fonyl fluoride Biochim Biophys Acta 525 : 171,
1978

Mainardi CL, Dixit SN, Kang AH : Degradation
of type IV basement membrane collagen by a
protemnases isolated from human polymorphonuc-
lear leukocyte granules J Biol Chem 255

—208—

REBRE WL I H2E F15,

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

1986

5435, 1980

Marlodam RR, Baugh RJ, Twumasi DY, Liener
IE : A rapid procedure for the large scale pum-
fication of elastase and cathepsin G from human
sputum. Prep Biochem 9 : 15, 1979

Mauderly JL : Respiratory function responses of
amimals and man to oxidant gases and to pul-
monary emphysema. Hemispher Publ. Co., 345
~361, 1984

McCroskery PA, Richards JF, Harris J DE :
Purification and characterization of collagenase
extracted from rabbit tumors. Biochem ] 152 :
131, 1975

Merk : Peptide carbazates. US Patent N
4,029,772, 1977
Merk : Protease inhibitor. DOS 2,636,599,

1977

Miller EJ, Finch JE, Chung E, Butler WI,
Robertson PB : Degradation of type [[I helical
collagen by trypsin. Arch Biochem Biophys
173 : 631, 1976

Morse JO . a-antitrypsin - deficiency. N Engl
J Med 299 : 1045, 1978

Nayak PL, Bender ML : Organophosphorous
compounds as active site-directed inhibitors of
elastase Biochem Biophys Res Commun 83 :
1178, 1978

Neurath H, Walsh KA : Role of proteolytic en-
zymes in biological regulation. Proc Natl Acad
Sci USA 73 :3725. 1976

Nishino N, Power JC : Peptide hydroxamic
acid as mhibitors of thermolysin. Biochemistry
17 : 2846, 1978

Odeberg H, Olsson I : Antibacterial activity of
cationic proteins from human granulocytes J
Clin Invest 56 : 1118, 1975

Odeberg H, Olsson I : Mechanisms for the mic-
robicidal activity of cationic proteins of human
granulocytes. Infect Immun 14 : 1269, 1976

Ohlsson K : Granulocyte collagenase and elas-



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Kool Kang : THE ROLE OF NEUTRAL PROTEINASES IN CELLULAR INVASION

tase and their interactions with a ;-antitrypsin

and @ ,-macroglobulin  In : Proteases and
Biological Control. New York, Cold Spring
Harbor Laboratory, 1975, pp.591~602

Ohlsson K : Interaction of granulocyte neutral

with

alphay-macroglobulin,

proteases alpha; -antitrypsin,
and
alpha;-antichymotrypsin In : Neutral Proteases
of Human Polymorphonuclear leukocytes.
Havemann K, Janoff A eds., Munich, Urban &
Schwarzenberg, 1978, pp.167~177
Ohlsson K, Laurell CB : The disappearance of
enzyme-inhibitor complexes from the circula-
tion of man Clin Sc1 Mol Med 51 : 87, 1976
Oronsky A, Buermann CW : Granulocyte neut-
ral proteases in arthntis In : Neutral Proteases
of Human PMN Leukocytes. Havemann K,
Janoff A eds, Baltimore, Urban & Schwarzen-
berg, 1977, pp.361~383
Parakkal PF : Involvement of macrophages in
collagen resorption ] Cell Biol 41 : 345, 1969
Parakkal PF : Macrophages; the time course
and sequence of their distribution in the post-
partum uterus. J Ultrastruct Res 40 : 284, 1972
Psuli BU, Kuewttner KE : The regulation of
invasion by cartilage-derived anti-invasion fac-
tor. In ; Tumor Invasion and Metastasis. Liotta
LA, Hart IR eds, Boston, Martines Nijhoff
Publishers, 1982, pp. 267~290
Paulh BU, Schwartz DE, Thonar EJM, Kuett-
ner KE ! Tumor mvasion and host extracellular
matrix. Cancer Metastasis Reviews 2 : 129,
1983
Poste G, Fidler IJ : The pathogenesis of can-
cer metastasis. Nature 283 : 139, 1980
Powers JC, Caroll DL : Reaction of acyl
carbazates with proteolytic enzymes. Biochem
Biophys Res Commun 67 : 639, 1975
Power JC, Gupton BF : Reaction of serine pro-

teases with aza-amino acid and aza-peptide de-

~209-

120.

121.

122.

123.

124.

125.

126.

127.
128.

129.

rivatives. Methods Enzymol 46 : 208, 1977
Powers JC, Gupton BF, Harley AD, Nishino
N, Whitley RJ : Specificity of porcine pancrea-
tic elastase, human leukocyte elastase and
cathepsin G. Inhibition with peptide chlor-
omethyl ketones. Biochim Biophys Acta 485 :
156, 1977
Powers JC, Gupton F, Lively MO, Nishino N,
Whitley RJ : Synthetic inhibitors of granulo-
cyte elastase and cathepsin G. In . Neutral Pro-
tease of Human PMN Leukocyte. Havemann
K, Janoff A eds., Baltimore-mumch, Urban &
Schwarzenberg, 1977, pp.221~233
Powers JC, Tuhy PM : Active site inhibitors
of elastase. ] Am Chem Soc 94 : 6544, 1972.
Prokep DJ, Kwinkko KI, Tuderman L, Guz-
man NA : The biosynthesis of collagen and its
disorders. N Engl J Med 301 : 13, 1979
Rao CN, Margulies IMK, Goldfarb RH, et al
. Dufferential proteolytic susceptibility of lami-
nin alpha and beta subunits. Arch Biochem
Biophys 219 : 65, 1982
Reich E, Rifkin DB, Shaw E : Proteases and
biological control. In : Cold Spring Harbor
Conference on Cell Proliferation Vol2, Cold
Spring Harbor Laboratory, 1975
Robertson DM, Willlams DC :In vitro evi-
dence of neutral collagenase activity in an in-
vasive mammalian tumor. Nature 221 : 259,
1969
Rohrlich ST, Rifkin DB : Annual reports in
medicinal chemistry. Hess HJ ed., New York,
Academic Press, 1979, pp. 229~239
Rossing RG : Physiclogic effects of dhronic
_exposure to phosgene in dogs. Am J Physiol
207 : 265, 1964
Russo RG, Liotta LA, Thorgewrsson U, et. al.
: Polymorphonuclear

leukocytes  migration

through human amnion membrane ] Cell Biol
91 : 459, 1981



130.

131,

132.

133.

134.

135.

136.

137.

138.

T REREEEAH, SRR (2 15, 19%6

Saklatvala ], Barrett AJ : Identification of pro-
teinases in rheumatoid synovium. Detection of
leukocyte elastase cathepsin G and another
serine proteinase. Biochim Biophys Acta 615 :
167, 1980

Sandberg 1B : Elastin structure in health and
disease. In : International Review of Connec-
tive Tissue Research Vol.7, Hall DA, Jackson
DS eds, New York, Academic Press, 1976,
pp 159~210

Saski M, Minkata K, Yamamoto H. Niwa M,
Kato T. Ito N:A new serum component
which specifically inhibits thiol proteinases.
Biochem Biophys Res Commun 76 917,
1977

Schiessler H, Hochstrasser K, Ohlsson K : Acid
stable inhibitors of granulocyte neutral pro-
teases in human mucous secretions . biochemis-
try and possible biological function. In : Neut-
ral Proteases of Human PMN Leukocytes
Havemann K, Janoff A eds, Baltimore, Urban
& Schwarzenberg, 1978, pp 195~207
Schmidt W : Differential release of elastase and
chymotrypsin from PMN leukocyte In @ Neut-
ral Proteases of Human PMN leukocyte. Have-
mann K, Janoff A eds, Baltimore-munich,
Urban & Schwarzenberg, 1978, pp.77~81
Schrmudt W. Havemann K : Isolation of elas-
tase-like and chymotrypsin-like neutral pro-
tease from human granulocytes. Hopes-Seyler’s
Z Phy Chem 355 :1077, 1974

Schoefl GI ; Studies on inflammation [, grow-
ing capillaries : their structure and permeablity.
Virchows Arch Pathol Anat 337 : 97, 1963
Schwartz DE, Kang K, Kuettner KE : Role of
leukocyte elastase 1n rtheumatoid arthritis.
Arthntis Federation, In press, 1985

Schwartz DE, Lizak PP, Pearson RW : Pro-
tenase profiles from human fibroblast culture. J
Invest Dermatol 82 : 432, 1984

~210-

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Senior RM, Camphell EJ : Neutral proteinases
from human nflammatory cells. Clin Lab Med
31745, 1983
Shenk RK, Wiener ], Spiro D | Fine structural
aspects of vascular invasion of the tibial
epiphyseal plate of growing rats. Acta Anat 69
11, 1968
Show E, Green GD]J : Amino acid and peptide
derived diazomethy! ketones are specific inacti-
vators of thiol proteases. Fed Proc 38 : 836,
1979
Shtacher G, Maayan R, Feinstein G : Pro-
teinase inhibitors in human synovial fluid.
Biochim Biophys Acta 303 : 138, 1973
Starkey PM : Elastase and cathepsin G : the
serine proteinases of human neutrophil leuko-
cytes and spleen. In : Proteinases in Mamma-
lial Cell and Tissues. Barret AJ] ed, New
York, North Holland Co., 1979, pp.58~89
Starkey PM, Barrett AJ : Human lysosomal
elastase : catalyic and immunological prop-
erties. Biochem ] 155 : 256, 1976
Starkey PM, Barrett AJ : Human cathepsin G
: catalytic  and
Biochem J 155 : 273, 1976
Starkey PM, Barrett AJ . @, macroglobulin, a

immunological — properties.

physiological regulator of proteinase activity. In
: Proteinases in MMannalian Cells and Tis-
sues DBarrett A] ed., Amsterdam, FElsevier/-
North Holland, 1977, pp.663~696

Steinbuch M : The inter- « -trypsin inhibitor.
Methods Enzymol 45 : 760, 1976

Stone PJ, Lucey EC, Calore JD, Powers JC,
Snider GL, Franzblau C : The moderation of
elastase-induced emphysema in hamsters by
post-treatment with a chloromethyl ketone elas-
tase inhibitor. Am Rev Respir Dis 119 : 364,
1979

Strauli P 1 A concept of tumor invasion. In @

Proteinases and Tumor Invasion. Strauh P,



150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

Kooil Kang : THE ROLE OF NEUTRAL PROTEINASES IN CELLULAR INVASION

Barrett AJ, Baici A eds, New York, Ravin
Press, 1980, pp 1~13

P, Weiss L :Cell locomotion and
tumor penetration. Eur ] Cancer 13 : 1, 1977
Strickland S, Reich E, Sherman MI : Plasmi-

nogen activator n early embryogenesis;enzyme

Stranli

production by trophoblast and parietal en-
doderm. Cell 9 : 231, 1976

Thomas BA : Inflammation. Mi, Upjohn Co.,
1977

Thome KJ, Oliver RC, Barrett AJ . Lysis and
kalling of bactena by lysosomal proteinases. In-
fect Immun 14 : 555. 1976

Travis J, Bowen J, Baugh R: Human «
1-anfichymotrypsin . interaction with chymot-
rypsin-like protease. Biochemistry 17 : 5651,
1978

Troll W, Meyn MS, Rossmann TG : Mechan-
1sms of protease action in carcinogenesis In :
Carcinogenesis. Vol.2, Slaga TJ, Sivak A,
Boutwell RK eds, New York, Ravin Press,
1978

Umezawa H : Structures and activities of pro-
tease inhibitors of microbial origin. Methods
Enzymol 45 : 678, 1976

Vartio T, Seppa H, Voheri A . Susceptibility of
soluble and matrix fibronectins to degradation
by tissue protemnases, mast cell chymases and
cathepsin G J Biol Chem 256 : 471, 1981
Weissmann G, Spilberg I, Krakauer K : Arthri-
tis induced in rabbits by lysates of granulocyte
lysosomes. Arththritis Rheum 12 ; 103, 1969
Werb Z, Gordon S : Elastase secretion by
stimulated macrophages. Characterization and
regulation. ] Exp Med 142 : 361, 1975

Werle E : Trasylol ; a short survey on its his-
tory, biochemistry, and activity. In : New
Aspects of Trasylol therapy. Vol.5, Brendel W,
Haberland JL eds., Stuttgart, Schattauer, 1972,
pp.9~16

-211-

161.

162.

163.

164.

165.

166.

167.

168.

169.

Wetsel RA, Kolb WP : Expression of C50-like
biological activities by the fifth component of
human complement(C5) upon hmited digestion
with noncomplement enzymes without release
of polypeptide fragments. ] Exp Med 157 :
2029, 1983

Woessner JF Jr: Catabolism of collagen and
non-collagen protein in the rat uterus dunng
post-partum involution Biochem ] 83 : 304,
1962

Woessner JE Jr: Collagenase in normal and
pathological connective tissue. Woolley DE,
Evanson JM eds, New York, Hohn Wiley &
Sons, 1980, pp 223~239

Woessner JF, Chahill DR : Collagen break-
down in relation to tooth eruption and resorp-
tion in the dog. Arch Oral Biol 191195,
1974

Woolley DE, Crossley M]J, Evanson JM : Col-
lagenase at sites of cartilage errosion in the
theumatoid joint. Arthritis Rheum 20 : 1231,
1977

Wooley DE, Glanville RW, Crossley MJ,
Evanson JM : Punfication of rheumatoid syno-
vial collagenase and its action on soluble and
insoluble collagen. Eur J Biochem 54 : 611,
1975

Woolley DF, Glanville RW, Roberts DR,
Evanson JM : Purification, characterization and
whibition of human skin collagenase. Biochem
J 169 : 265, 1978

Woolley DE, Roberts DR, Evanson JM : Small
molecular weight ;-serum protein which speci-
fically inhibits human collagenases Nature 261
325, 1976

Woolley DE, Tetlow LC, Evanson JM ; Col-
lagenase immunolocalization studies of rheuma-
told and malignant tissue In : Collagenase in
Normal and Pathological Connective Tissues.
Woolley DE, Evanson JM eds., Chichester,



Ik

3

Wileys, 1980, pp.105~125

170. Woolley DE, Tetlow LC, Mooney CJ, Evan-

son JM : Human collagenase and its ex-
trtacellular inhibitors in relation to tumor in-
vasiveness. In : Proteinases and Tumor Inva-
sion. Strauli P, Barrett AJ, Baict A eds, New
York, Ravin Press, 1980, pp.97~113

171. World health organization report. Chroniccor

pulmonale : report of an expert committee,
World Health Organization Technical Report

SIRBEE W F2E F1 1986

213 : 15, 1961

172. Wright DG, Gallin JI : Secretory responses of

human neutrophils : exocytosis of specific gra-
nules by human neutrophils during adherence
in vitro and during exudation in vivo. J Immun
123 1 285, 1979

173. Voshida A, Yu SY :In vivo suppression of

emphysema in hamsters by «a
1-antitrypsin or elastatinal. Fed Proc 38 : 1205,

1979

elastase

-212-



