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Abstract: Ischemic stroke is a major health crisis causing high mortality and morbidity. The key treatment relies on the

Received: March 8, 2020; Accepted: June 1, 2020
Supported by: National Key Research and Development Program of China (No. 2017YFE0103200), Fujian Health and Education Ministry
Joint Program (No. 2019-WJ-17).
Corresponding authors: Mingdong Huang. Tel: +86-591-22867273; E-mail: HMD_lab@fzu.edu.cn
Cai Yuan. Tel: +86-591-22867972; E-mail: cyuan@fzu.edu.cn
E R &AL R] (No. 2017YFE0103200), fREE TAEHBEBAK AT H (No. 2019-WJ-17) ¥EHA,
[ 4% H R[] . 2020-06-16 [ 4% HY BB AL« https://kns.cnki.net/kems/detail/11.1998.Q.20200615.1207.005.html



2030 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244  Chin J Biotech

rapid intervention to dissolve thrombus, to reduce bleeding side effect and re-canalize clotted blood vessels using clot lysis
drugs. Tissue plasminogen activator (tPA) is the only FDA-approved drug for ischemic stroke, but it has many limitations in
clinical use. In recent years, the development of thrombolytic drugs and treatment strategies based on tPA has been progressed
rapidly. Here we review the recent progress in this field, including the contributions from us and others, to promote the future

development of novel thrombolytic drugs.
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Fig. 1 Thrombus formation and degradation. During thrombus formation, fibrinogen was activated by thrombin to form
fibrin, which is further crosslinked by factor XIIIa to form stable fibrin. Fibrinogen contains a ligand site for the platelet
glycoprotein Il b/Illa receptor, thus platelets are embedded in the fibrin mesh, forming a firm fibrin clot, or thrombus. In
thrombus degradation: plasminogen activators convert plasminogen to plasmin, which further cuts the fibrin net, degrades the
fibrin clot, and dissolves the thrombus. PAI-1 inhibits activities of plasminogen activators, including tPA and uPA.

*1 IlmKERBREY
Table 1 Clinical use of thrombolytic drugs

Activating agent Fibrin Immunogenicity Maximum Rate of The year _ C!inigal
specificity half-life (min) side effects of approval indications
First Streptokinase No Yes 18 High 1987 AMI, PE, DVT,
generation Artery thrombosis
Urokinase No No 18 High 1978 PE
Second Alteplase Yes No 6 Low 1987 AMI, PE, Stroke
generation  Anisoylated No Yes 105 Medium 1989  AMI
plasminogen
streptokinase
activator complex
Third Reteplase Yes No 15 Low 1996 AMI
generation  Teneteplase Yes No 24 Low 2000 AMI

Note: AMI: acute myocardial infarction; PE: pulmonary embolism; DVT: deep vein thrombosis.

fiii (Alteplase, rtPA), HimF 9 FDA #UEM THN BT AL ntPA RIH BRI, Wmer4E
FHIEIAIT . 5 SK A uPA ML, rtPA AL SRS, U RS PAI-L iRE 10T,
FeSE, AT DA b s/ U , (E e 5 4 \ . \

Jil, ARG R B 7 B A 3 o, T B Y rtPA 3 B RIF TR A A
SRR R4 R B E R (Matrix metalloproteinase, rPA J&H 1996 4-3E[E FDA it HTIRIT &
MMP), 335 Il ik 5 B A RBEOR 3 hm A tB i AR i Mk A e — 25, RS e T T IR
RSO A5 AR R B R 2 R BRI 20 4F, IR S BRVE NI M, rPA
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Fig. 2 Discovery of high efficiency clot lysis agent-rtPA(A146Y) based on protein structures (All diagrams were
modified from the literature [38]). (A) Structure-based mutant design: five target residues are selected shown on tPA
structure (grey surface) overlaid with its inhibitor PAI-1 reactive-centre-loop (green) and physiological substrate
plasminogen cleavage loop (red). (B) Measurement of PAI-1 resistance of tPA-SPDvariants: PAI-1 resistance of tPA
variants was assessed by residual amidolytic activity of the variants in the presence of varying amounts of active PAI-1.
(C) Plasminogen activation activity of tPA-SPD variants: rtPA(A146Y) mutant showed the strongest activity to cleave
plasminogen (PLG). The amount of plasmin generated was measured by plasmin chromogenic substrate. (D) In vitro
thrombolytic of tPA-SPD(A146Y): Clot lysis human platelet poor plasma in the presence of exogenous PAI-1 was
monitored following the addition of different mutants of tPA-SPD. (E) Schematic diagram of mouse pulmonary
embolism model. (F) In vivo thromboly of tPA-SPD(A146Y): fibrinolytic activity recovered in blood samples obtained
after injection of saline, tPA-SPD or tPA-SPD(A146Y) into the mice.
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Table 2 Novel thrombolytic drug delivery strategies
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Strategies Advantages Disadvantages References
Shear-Activated No external force Uncontrolled drug release [55-56]
Nanotherapeutics Reduced side effects Affected by blood flow speed

Improve bioavailability

Extend half-life
Magnetic-Microrods Controlled drug release

High drug release efficiency

Ultrasound High thrombolytic efficiency
Reduce drug dose
Microbubble Good stability

Easy encapsulation and degradation

Neurotoxicity [57-58]
Easy retention in the body
Limited by size

Vascular mechanical injury [59-60]
Vascular reocclusion
Poor penetration effect [61-62]

Limited by microbubble size
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