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Tissue-Type Plasminogen Activator:
A Role for O-linked Fucose Editorial

Tissue-type plasminogen activator (t-PA) is used clinically for
the dissolution of thrombi in coronary arteries during the acute
stages of myocardial infarction (1). A proposed merit of t-PA is
that it catalyzes the conversion of plasminogen to plasmin at
the site of the thrombus and should, as a result, be more selec-
tive and have fewer complications. The short half-life of t-PA
in plasma, - 5 min in humans, however, limits its successful
clinical application. The short circulatory half-life is character-
istic of both recombinant and native forms of t-PA and is a
result of rapid clearance by the liver. Establishing the mecha-
nism for rapid clearance by the liver is of considerable interest
from many perspectives.

Three distinct mechanisms that may contribute to t-PA
clearance have been described: (a) binding to the mannose-spe-
cific receptor of liver endothelial cells (2), (b) plasminogen acti-
vator inhibitor type 1 (PAI- 1)-dependent binding to liver paren-
chymal cells (3); and (c) binding to the low density lipoprotein
receptor-related protein/a2-macroglobulin receptor (LRP re-
ceptor) on liver parenchymal cells (4). In this issue of The Jour-
nal Haijar and Reynolds (5) report an additional potential
mechanism based on a highly novel saccharide thus far found
within the EGFdomains of the coagulation/fibrinolytic pro-
teins t-PA, urokinase, factor VII, factor XII, and factor IX.
Each of these proteins has a single fucose in a-linkage to either
a Ser or Thr residue within the sequence Cys-X-X-Gly-Gly-
Thr/Ser-Cys (6). Suspended HepG2 cells, a well-differentiated
human hepatoma cell line, bind t-PA with a Kd of 39 nMand a
Bm. of 493,000 sites per cell. These cells rapidly internalize and
degrade bound t-PA at 37°C. Based on inhibition studies and
digestion with a-fucosidase, the authors conclude that binding
requires the presence of the 0-linked fucose. Binding is Ca2`
dependent, suggesting the binding activity may be related to
the C-type lectins, which require Ca2" for binding (7).

Many functions have been proposed for glycosylation (8).
The presence of unique structures on individual glycoproteins
suggests that either these saccharides will be recognized by
highly specific receptors and/or that they selectively modulate
a functionally important property of the underlying protein. As
an increasing number of mammalian carbohydrate binding
proteins have been described, the role of oligosaccharides in
directing specific forms of recognition has been enhanced. Fre-
quently, however, we are left with oligosaccharides in search of
receptors and receptors in search of oligosaccharides; the chal-
lenge for glycobiologists is to establish the biologic targets for
these receptors and oligosaccharides. The possibility that t-PA
clearance is mediated by fucose-specific recognition is an excit-
ing one for glycobiologists who are frequently asked, "So what
do they do?"

What remains is to establish if this represents a significant
mechanism for the clearance of t-PA in vivo. This could be

done most simply by determining the clearance rate for t-PA
that has had its fucose removed by digestion with a-fucosidase,
as was done for the in vitro studies with HepG2cells. Both t-PA
and t-PA/PAI- 1 complexes are bound by the LRP receptor,
and a 39-kD protein that inhibits binding to the LRP receptor
in vitro prolongs the in vivo circulatory life of t-PA in rats (4).
This strongly implicates the LRPreceptor in t-PA clearance in
vivo and suggests that the contribution of PAI- 1 to clearance of
t-PA may be relatively minor. Although the authors have
shown that PAI-l does not contribute to recognition on the
basis of fucose, it is possible that binding to the LRPreceptor is
dependent on the 0-linked fucose. If it is not, two entirely
independent mechanisms for t-PA clearance must exist.

There are now several examples of glycoproteins whose cir-
culatory half-life is controlled by oligosaccharide-specific re-
ceptors. Rapid removal from the circulation may in many in-
stances be essential to prevent unwanted side effects away from
the actual site of action of glycoproteins such as coagulation/fi-
brinolytic factors. For more complex structures, variations in
valency, structure, and location of oligosaccharides have the
potential to modulate interaction with receptors. For a simple
structure such as the one found on t-PA such variations seem
unlikely, and one might expect that virtually all glycoproteins
bearing these structures will be recognized to a similar degree.
Thus, if the in vivo clearance of t-PA is mediated by 0-linked
fucose its behavior should be a model for virtually all glycopro-
teins bearing these structures. Stimulated by these observa-
tions, other glycobiologists with unique oligosaccharide struc-
tures should feel encouraged to search for specific receptors so
that we can at last respond to the question of function by point-
ing out that oligosaccharides are essential for intercellular com-
munication and targeting in multicellular organisms.
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