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Summary

Fibrinolysis has used tissue plasminogen activator (tPA) alone since 1987 when tPA was approved
for the treatment of acute myocardial infarction (AMI). However, fibrinolysis involves both tPA,
which initiates fibrinolysis, and urokinase plasminogen activator (uPA), which continues and
completes it. tPA has only one fibrin binding site where a small tPA bolus is sufficient to activate
the first fibrin-bound plasminogen. The other two are activated by uPA, first zymogenic prouPA
and then enzymatic two-chain uPA (tcuPA). tPA and prouPA have complementary mechanisms of
action, which gives their combination a potent synergistic effect. When 100 mg of tPA are used,
tPA becomes a non-specific, activator which is neither effective nor safe resulting in causing

fibrinolysis to lose credibility.
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The Current State of the Art

The onset of both AMI and ischemic stroke is
triggered by an obstructive blood clot or
thrombus. Treatment requires restoring blood
flow, especially to the microcirculation, as
rapidly as possible. If it is achieved within 1-
2 hours of symptom onset, AMI mortality can
be reduced to 1%.!

Fibrinolysis is the fastest method to reperfuse
a thrombus-blocked artery. Since 1987
fibrinolytic therapy has consisted of the
administration of tPA alone at high iv doses.
The results of this treatment, however, were
disappointing from the outset? as result, over
the last decade tPA was replaced by
percutaneous coronary intervention (PCI)
whenever possible. Although PCI was only
more effective than tPA, also was inherently
limited by two problems. It is a hospital
procedure that is inevitably time-consuming,
and secondly it can only open the epicardial
vessels which fails to reperfuse the
microcirculation of the myocardium more
than half the time.?

Although PCI was only slightly more
effective than tPA IT was also inherently
limited by two problems. And yet, its choice
for fibrinolysis over the past 33 years has

rarely, if ever, been questioned.
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The idea that tPA’s inefficacy is due to a
limitation of fibrinolysis in general is belied
by the efficacy of endogenous fibrinolysis.
The endogenous concentration of tPA in
normal blood plasma is only 5 ng/ml, and
most of this is in an inactive complex with a
tPA inhibitor. And yet, a TIMI-3 patency was
found at the time of the initial catheterization
in 15% of untreated STEMI patients.* By
comparison, with tPA treated patients, a
TIMI-3 patency of the infarct artery at 24
hours was found in 45%.> Although in the
treated patients the tPA blood concentration
was almost 1,000-fold higher, only a three-
fold difference in patency was seen. This
discrepancy can only mean that endogenous
tPA could not alone have been responsible
for endogenous fibrinolysis. This finding
implicates the other plasminogen activator in
blood.

Urokinase plasminogen activator (UPA)

The other biological activator is uPA, the
native form of which is a proenzyme,
prouPA®, which is stable in plasma in
contrast to tPA, an enzyme against which
there is a potent inhibitor in plasma,
plasminogen activator inhibitor-1 (PAI-1).
Therefore, tPA is stored in the vessel wall
from where it is released in the presence of a

clot.
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Despite its plasma stability, prouPA has a
short half-life of about 7 minutes. Since about
an estimated one third of the prouPA in blood
is bound to the outer platelet membrane ’#
this prouPA portion has a half-life of about
2.5 days (the half-life of platelets). The
binding of prouPA to platelets is not via the
UPA receptor, common to many other cells,
but rather is related to a novel binding
protein®, and this platelet-bound prouPA is

active in fibrinolysis.°

The fibrinolytic mechanisms of action of tPA
and prouPA are complementary, so that in
combination their fibrinolytic effect is
synergistict!, which helps explain the
efficacy of endogenous fibrinolysis which

functions well at such low concentrations.

The enzyme tPA has an exceptionally high
binding affinity for fibrin2, which helps it
bind to the clot before it is inhibited. After its
release from the vessel wall, tPAt binds to a
specific site on the D-domain of fibrin, which
promotes its plasminogen-activating activity
against this plasminogen one thousand-
fold®3, but this promotion is limited to this
one site and plasminogen. This initiates
fibrinolysis and completes tPA’s role in
function

fibrinolysis, its being quite

analogous that of the starter in a car.
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Fibrinolysis  creates two  additional
plasminogen binding sites and their

respective plasminogens are activated by
uPA. The first plasminogen is activated by
prouPA, and the second by its enzymatic
form, two-chain-uPA (urokinase).®

Therefore,  fibrinolysis  involves  the
sequential activation of three fibrin-bound
plasminogens, the first is activated by tPA,

and the other two by uPA.

As a consequence, tPA the less dominant of
the two activators that was chosen for
fibrinolysis 33 years ago and tPA’s
fibrinolytic effects have defined fibrinolysis
ever since. The finding that uPA is
responsible for about 66% of fibrinolysis was
confirmed by gene deletion studies. These
showed that deleting the tPA gene in animals
had relatively little effect on the efficacy of
fibrinolysis, whereas a UPA gene deletion
caused significant inhibition of fibrinolysis as
well as some fibrin deposition. Deleting both
tPA and uPA genes arrested fibrinolysis
completely and caused extensive fibrin
deposition.!® Therefore, both activators are
needed for full activity, but uPA is the
dominant of the two activators. These
findings were further confirmed by a second

study gene deletion study.
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A clinical test of the dual activator
fibrinolytic paradigm

In order to determine if a sequential activator
combination was more effective in the clinic,
a multicenter study in 101 patients with AMI
was once completed. Patients were treated
with a mini bolus of tPA (5 mg in 91 patients,
10 mg in 10 patients) followed by a 90-
minute infusion of prouPA (40 mg/h), in
accordance with the natural paradigm. This
treatment resulted in a TIMI-3 patency of the
infarct artery in 82% of the patients at 24
hours and a mortality of 1%.!" This was a
substantial improvement over the best of the
tPA AMI trials, where the 30-day mortality
was 6% and the infarct artery 24 h patency

was 45%.18

A second clinical trial with this fibrinolytic

regimen was never done since the
development of prouPA was abandoned not
long after the PATENT trial. However now,
some twenty-five years later, a second trial

with this regimen is underway in ischemic
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stroke in the Netherlands, and a trial in AMI

with this regimen is pending in Ukraine.
The cost in lives

Had the PATENT trial regimen been adopted
for fibrinolysis in 1995, when it was
published, almost one million AMI deaths in
the US alone might have been averted, based
on this 1% vs 6% mortality difference. Since
prolonged tPA infusions, with their
associated bleeding risk, are avoided by this
regimen, a safer more effective regimen
should also be a boon for the treatment of

ischemic stroke.

Whatever the actual number of lives that
could be saved may be, it is evident that high-
dose tPA alone was an unfortunate choice for
fibrinolysis. For example, in PATENT a5 mg
bolus of tPA was sufficient (10 mg was too
much). And yet, when tPA is used alone, 100
mg is required, illustrating what a weak
activator it is in the absence of fibrin-
promotion, which is limited to the first fibrin-

bound plasminogen.

http://journals.ke-i.org/index.php/mra



V. Gurewich. Medical Research Archives vol 8 issue 10. October 2020

References

1.

Boersma E, Maas ACP,Deckers JW et al
Early thrombolytic treatment in acute
myocardial infarction; reappraisal of the
golden hour. Lancet 1996; 348:771-75.
Brophy JM, Joseph L. Placing trials in
context using Bayesian analysis. GUSTO
revisited by Reverend Bayes. JAMA
1995;273:871-75.

Yellon DM, Hausenloy DJ. Myocardial
reperfusion J Med
2007;357;1121-35.

Assessment of the safety and efficacy of a

injury. N Engl

new treatment strategy with coronary
(ASSENT-4 PCI): a
randomized trial. Lancet 2006; 367:569-
78.

GUSTO Angiographic investigators. The

intervention

effects of tissue plasminogen activator,
streptokinase, or both on coronary patency,
ventricular function, and survival after
acute myocardial infarction. N Engl J Med
1993; 329:1615-22.

Husain SS, Gurewich V. Purification and
partial characterization of a single-chain,
high molecular weight form of urokinase
from human urine. Arch Biochem Biophys
1983;220(1):31-38.

Park S, Harker LA, Marzec UM, Levin EG.

Demonstration of single-chain urokinase

Copyright 2020 KEI Journals. All Rights Reserved

9.

10.

11.

12.

Page 5 of 6

plasminogen activator on human platelet
membrane. Blood 1989; 73:1421-25.
Gurewich V, Johnstone M, Loza JP,
Pannell R. Pro-urokinase and
prelkallikrein are both associated with
platelets: implications for the intrinsic
pathway of fibrinolysis. Thromb Haemost
1994;71:347-52.

Jiang YP, Pannell R, Liu JN, Gurewich V.
Evidence of a novel biding protein for
urokinase plasminogen activator in platelet
membranes. Blood 1996; 87:2775-81.
Lenich C, Liu JN, Gurewich V Thrombin
induces

stimulation  of  platelets

plasminogen activation mediated by
endogenous urokinase-type plasminogen
activator. Blood 1997; 90:3579-86.
Pannell R, Black J, Gurewich V. The
complementary modes of action of tissue
plasminogen activator (tPA) and pro-
urokinase (pro-UK) by which their
synergistic effect in clot lysis can be
explained. J Clin Invest 1988;
81:853-59.

Husain SS, Lipinsli B, Gurewich V. Rapid
purification of high affinity plasminogen
activator from human plasma on fibrin-
celite. Proc Nat Acad Sci (USA). 1981;

78(7):4265-69.

http://journals.ke-i.org/index.php/mra



\

13.

14.

15.

16.

Copyright 2020 KEI Journals. All Rights Reserved

Hoylaerts M, Rijken DC, Lijnen JR, Collen
D. Kinetics of the activation of
plasminogen by human tissue plasminogen
activator. Role of fibrin. J Biol Chem.
1982; 257:2912-19.

Liu JN, Gurewich V. Fragment E-2 from
fibrin substantially enhances pro-urokinase
induced glu-plasminogen activation. A
kinetic study using a plasmin-resistant
mutant (Ala-158
Biochemistry 1992; 31:6311-17.

Petersen LC. Kinetics of reciprocal pro-

rpro-urokinase).

urokinase/plasminogen activation.
Stimulation by a template formed by the
urokinase receptor bound to poly (D-
lysine). Euro J Biochem 1997; 245:316-23
Singh I, Burnand KG, Collens M, Luttun

A, Collen D, Boelhouwer B, Smith A.

. Gurewich. Medical Research Archives vol 8 issue 10. October 2020

17.

18.

Page 6 of 6

Failure of a thrombus to resolve in

urokinase-type gene knockout mice.
Circulation 2003;107;869-75.

Zarich SW, Kowalchuk GJ, Weaver WD,
Loscalzo J. Sassower M, Manzo K,Byrnes
C, Muller JE Gurewich V. Sequential
combination thrombolytic therapy for
acute myocardial infarction: results of the
pro-urokinase and tPA enhancement of
thrombolysis (PATENT) trial. J AM Coll
Cardio 1995; 26:374-79.

GUSTO Investigators. An international

randomized  trial comparing  four
thrombolytic  strategies  for  acute
myocardial infarction. N Eng J Med

1993;329:673-82.

http://journals.ke-i.org/index.php/mra



