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Carboxypeptidases: New Regulators of Plasminogen Activation In Vivo? Editorial

It is now well established that both tissue-type plasminogen
activator (t-PA) and plasminogen bind to fibrin to form a
ternary complex which efficiently generates plasmin (re-
viewed in reference 1). Plasminogen bound to fibrin is a
much better substrate for t-PA than free, circulating plasmin-
ogen, and the plasmin that remains bound to the fibrin surface
is protected from rapid inactivation by its primary endoge-
nous inhibitor, a2-antiplasmin. Thus, physiological fibrinol-
ysis is regulated and contained, in large part by the fibrin
surface itself. Treatment of fibrin with pancreatic carboxy-
peptidase B greatly reduces the extent of plasminogen bind-
ing, suggesting that carboxy-terminal lysines on fibrin are
involved. This hypothesis is supported by the observations
that these interactions are not only inhibited by lysine ana-
logs, but also are dependent upon lysine binding sites in t-
PA and plasminogen. Interestingly, t-PA and plasminogen
also bind to cell surfaces, and this binding is again mediated,
in part, by carboxy-terminal lysines (reviewed in references
2 and 3). In fact, there is an intriguing similarity between
the way fibrin and cells can assemble, localize, and restrict
plasminogen activation to specific surfaces and thereby mini-
mize the escape of this potentially destructive enzyme sys-
tem. The binding of plasminogen to fibrin and to cell surfaces
is of relatively low affinity (- 1 tIM), with the number of
receptors ranging from < 105 to > 107 per cell. Since plas-
minogen circulates at 2 ,iM, it is expected that these binding
sites will be half occupied under normal conditions. A variety
of mechanisms may exist to increase the number of plasmino-
gen binding sites on surfaces. For example, as fibrin is de-
graded by plasmin, additional carboxy-terminal lysine resi-
dues are generated, and occupancy of these new sites may
accelerate fibrinolysis significantly (1). Similarly, removing
peripheral blood monocytes from blood and culturing them
in vitro, increases the number of plasminogen binding sites by
more than one order of magnitude (2). This latter observation
suggests that plasma may contain molecules that suppress
plasminogen binding to circulating cells. In this regard,
plasma contains at least two carboxypeptidases, and one of
them, carboxypeptidase N, is constitutively active (reviewed
in reference 4). By continuously removing exposed carboxy-
terminal lysines, the plasma carboxypeptidases could sup-
press plasminogen binding to and activation on surfaces. The
effects of plasma carboxypeptidases on the plasminogen sys-
tem have not been reported. In this issue of The Journal
Redlitz et al. examine this question (5). These investigators
show that whole plasma is, in fact, a potent inhibitor of plas-
minogen binding to cells and to fibrin, and they use specific
inhibitors and monoclonal antibodies to provide convincing
evidence that these effects are mediated by circulating car-
boxypeptidases. Perhaps more interestingly, their data sug-
gest that plasma carboxypeptidase B is the primary enzyme
involved in this process. Since this enzyme can be activated

by thrombin (6), the authors speculate that it may function
to stabilize nascent blood clots by dampening fibrinolysis.
This report is an important extension of earlier work by this
group and suggests that basic carboxypeptidases in plasma
may play a previously unsuspected role in the regulation of
plasminogen activation in vivo. These observations are cer-
tain to spawn a number of subsequent studies to characterize
this system in greater detail, and to evaluate the effect of
manipulating this system in the clinical setting. At the same
time, these observations raise a number of questions that
once resolved, should provide additional insights into the
physiological role of carboxy-terminal lysines in the control
of fibrinolysis and cell-mediated proteolysis. Foremost
among these is the question of the number of plasminogen
binding sites on cells in vivo. Although this plasminogen
binding system is generally considered to be of high capacity,
this conclusion is based primarily on cell culture studies. The
presence of carboxypeptidase activity in plasma suggests that
the number of plasminogen binding sites on circulating cells
in vivo may be considerably lower. Whether the number of
sites can actually be up-regulated in vivo, especially in the
presence of the constitutively active carboxypeptidase N, also
remains to be determined. In this regard, the increase in plas-
minogen binding to cultured monocytes may result simply
from the removal of the cells from plasma (i.e., removal from
active carboxypeptidase activity). Consequently, it remains
unclear whether the observed increase in plasminogen bind-
ing capacity is physiologically relevent. Alternatively, it is
possible that the number of carboxy-terminal lysines on cells
in plasma can be up-regulated much like it is on fibrin in
plasma. That is, the initial formation of plasmin on cells
may generate additional binding sites, again amplifying this
system locally. The observation that carboxypeptidase treat-
ment only reduced plasminogen binding by 50% implies the
existence of other plasminogen binding molecules on cell
surfaces. In fact, gangliosides on cells also bind plasminogen,
and this interaction is again inhibited by lysine analogs (7).
Thus, another unresolved question concerns the relative func-
tional importance of carboxy-terminal lysines, gangliosides,
and perhaps other molecules, for plasminogen binding and
activation on cell surfaces in vivo. Finally, there are sure to be
questions about the regulation of carboxypeptidase activity
itself. Redlitz et al. showed that carboxypeptidase inhibitors
like guanidinoethylmercaptosuccinic acid and potato car-
boxypeptidase inhibitor stimulated plasminogen binding to
fibrin and cells. Whether naturally occurring inhibitors in
cells and/or plasma also regulate plasminogen activation is
an important, unresolved question. Such inhibitors could
prove to be useful thrombolytic agents when used in conjunc-
tion with t-PA.
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