reactions are rare. Urokinase produces a systemic lytic state because
it does not discriminate between fibrin-bound and circulating plasminogen.
Despite many years of use, urokinase has never been systemically
evaluated for coronary thrombolysis. Instead, urokinase is often
employed for catheter-directed lysis of thrombi in the deep veins or the
peripheral arteries. Because of production problems, the availability of
urokinase is limited.

t-PA
F

EGF

K1

K2

P
KHRR
296

299

TENECTEPLASE
Tenecteplase is a genetically engineered variant of tPA and was
designed to have a longer half-life than tPA and to be resistant to
inactivation by PAI-1. To prolong its half-life, a new glycosylation site
was added to the first kringle domain (Fig. 143-9). Because addition of
this extra carbohydrate side chain reduced fibrin affinity, the existing
glycosylation site on the first kringle domain was removed. To render
the molecule resistant to inhibition by PAI-1, a tetra-alanine substitution was introduced at residues 296–299 in the protease domain, the
region responsible for the interaction of tPA with PAI-1.
Tenecteplase is more fibrin-specific than tPA. Although both agents
bind to fibrin with similar affinity, the affinity of tenecteplase for (DD)
E is significantly lower than that of tPA. Consequently, (DD)E does
not stimulate systemic plasminogen activation by tenecteplase to the
same extent as tPA. As a result, tenecteplase produces less fibrinogen
degradation than tPA.
For coronary thrombolysis, tenecteplase is given as a single IV
bolus. In a large phase III trial that enrolled >16,000 patients, the
30-day mortality rate with single-bolus tenecteplase was similar to that
with accelerated-dose tPA. Although rates of intracranial hemorrhage
were also similar with both treatments, patients given tenecteplase
had fewer noncerebral bleeds and a reduced need for blood transfusions than those treated with tPA. The improved safety profile of
tenecteplase likely reflects its enhanced fibrin specificity.
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Figure 143-9 Domain structures of alteplase (tPA), tenecteplase
(TNK-tPA), desmoteplase (b-PA), and reteplase (r-PA). The finger
(F), epidermal growth factor (EGF), first and second kringles (K1 and
K2, respectively), and protease (P) domains are illustrated. The glycosylation site (Y) on K1 has been repositioned in tenecteplase to endow
it with a longer half-life. In addition, a tetra-alanine substitution in the
protease domain renders tenecteplase resistant to type 1 plasminogen activator inhibitor (PAI-1) inhibition. Desmoteplase differs from
alteplase and tenecteplase in that it lacks a K2 domain. Reteplase is a
truncated variant that lacks the F, EGF, and K1 domains.
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ALTEPLASE
A recombinant form of single-chain tPA, alteplase has a molecular
weight of 68,000. Alteplase is rapidly converted into its two-chain
form by plasmin. Although single- and two-chain forms of tPA have
equivalent activity in the presence of fibrin, in its absence, single-chain
tPA has tenfold lower activity.
Alteplase consists of five discrete domains (Fig. 143-9); the
N-terminus A chain of two-chain alteplase contains four of these
domains. Residues 4 through 50 make up the finger domain, a region
that resembles the finger domain of fibronectin; residues 50 through
87 are homologous with epidermal growth factor, whereas residues 92
through 173 and 180 through 261, which have homology to the kringle
domains of plasminogen, are designated as the first and second kringle, respectively. The fifth alteplase domain is the protease domain; it is
located on the C-terminus B chain of two-chain alteplase.
The interaction of alteplase with fibrin is mediated by the finger
domain and, to a lesser extent, by the second kringle domain. The
affinity of alteplase for fibrin is considerably higher than that for
fibrinogen. Consequently, the catalytic efficiency of plasminogen activation by alteplase is two to three orders of magnitude higher in the
presence of fibrin than in the presence of fibrinogen. This phenomenon helps to localize plasmin generation to the fibrin surface.
Although alteplase preferentially activates plasminogen in the presence of fibrin, alteplase is not as fibrin-selective as was first predicted.
Its fibrin specificity is limited because like fibrin, (DD)E, the major

soluble degradation product of cross-linked fibrin, binds alteplase and 759
plasminogen with high affinity. Consequently, (DD)E is as potent as
fibrin as a stimulator of plasminogen activation by alteplase. Whereas
plasmin generated on the fibrin surface results in thrombolysis,
plasmin generated on the surface of circulating (DD)E degrades fibrinogen. Fibrinogen degradation results in the accumulation of fragment
X, a high-molecular-weight clottable fibrinogen degradation product.
Incorporation of fragment X into hemostatic plugs formed at sites of
vascular injury renders them susceptible to lysis. This phenomenon
may contribute to alteplase-induced bleeding.
A trial comparing alteplase with streptokinase for treatment of
patients with acute MI demonstrated significantly lower mortality
with alteplase than with streptokinase, although the absolute difference
was small. The greatest benefit was seen in patients age <75 years with
anterior MI who presented <6 h after symptom onset.
For treatment of acute MI or acute ischemic stroke, alteplase is
given as an IV infusion over 60–90 min. The total dose of alteplase
usually ranges from 90 to 100 mg. Allergic reactions and hypotension
are rare, and alteplase is not immunogenic.

RETEPLASE
Reteplase is a is a single-chain, recombinant tPA derivative that lacks
the finger, epidermal growth factor, and first kringle domains (Fig.
143-9). This truncated derivative has a molecular weight of 39,000.
Reteplase binds fibrin more weakly than tPA because it lacks the finger domain. Because it is produced in Escherichia coli, reteplase is not
glycosylated. This endows it with a plasma half-life longer than that
of tPA. Consequently, reteplase is given as two IV boluses, which are
separated by 30 min. Clinical trials have demonstrated that reteplase is
at least as effective as streptokinase for treatment of acute MI, but the
agent is not superior to tPA.
NEWER FIBRINOLYTIC AGENTS
Two new drugs are under investigation. These include desmoteplase
(Fig. 143-9), a recombinant form of the full-length plasminogen activator isolated from the saliva of the vampire bat, and alfimeprase, a
truncated form of fibrolase, an enzyme isolated from the venom of the
southern copperhead snake. Clinical studies with these agents have
been disappointing. Desmoteplase, which is more fibrin-specific than
tPA, was investigated for treatment of acute ischemic stroke. Patients
presenting 3–9 h after symptom onset were randomized to one of two
doses of desmoteplase or to placebo. Overall response rates were low
and no different with desmoteplase than with placebo. The mortality
rate was higher in the desmoteplase arms.
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