
839

In this issue of Arteriosclerosis, Thrombosis, and Vascular 
Biology, Voors-Pette et al1 report results of their first-in-

human, phase one clinical trial using ACT017, a therapeutic 
antibody to platelet GPVI (glycoprotein VI). In healthy volun-
teers, ACT017 dose-dependently inhibited collagen-induced 
platelet aggregation without affecting template bleeding 
times. Combined with the absence of serious adverse events 
and consistent pharmacokinetic/pharmacodynamic proper-
ties, the road is paved for further clinical development of this 
promising antithrombotic drug.

See accompanying article on page 956
Platelet adhesion and activation at sites of vascular injury 

is a multistep process involving multiple platelet receptor-
ligand interactions. GPVI plays a central role in this process, 
as it allows platelets to bind to exposed subendothelial col-
lagen. The GPVI-collagen interaction subsequently induces 
intracellular signaling, ultimately leading to platelet activa-
tion.2 Intriguingly, despite an essential role in the formation of 
a stable platelet thrombus, no overt bleeding phenotype was 
observed either in GPVI deficient mice3 or in patients with a 
congenital GPVI deficiency.4 However, in some patients with 
anti-GPVI autoantibodies, bleeding complications have been 
reported, although bleeding in these patients were mainly 
attributed to concomitant GPVI deficiency and thrombocyto-
penia.5 In light of this, it is encouraging that in this clinical 
trial, ACT017 treatment did not affect platelet count or GPVI 
expression at any of the doses or timepoints tested.

The observations from mice and patients with a GPVI 
deficiency have put forward targeting GPVI as an attractive 
antithrombotic strategy without the apparent risk of bleeding 
complications. The latter is highly relevant in the setting of 
stroke, where even small intracranial hemorrhages can have 
detrimental clinical consequences. Emerging and established 
data demonstrate that platelets have a dual role in the setting 
of ischemic stroke. Undeniably, platelets are key players in 

pathological thrombus formation, causing cerebral vessel 
occlusion and ischemia/reperfusion injury.6 Nevertheless, 
however, platelets are also essential to maintain vascular in-
tegrity after thrombus resolution and subsequent reperfusion 
of the ischemic brain. This duality of platelet functions in 
stroke was elegantly shown by 2 independent research groups 
who depleted platelets in a mouse model ischemic stroke. 
In both studies, platelet depletion prevented ischemic stroke 
brain injury; however, this was accompanied by hemorrhagic 
transformations in the brain.7,8

Preclinical studies on the involvement of platelet recep-
tor-ligand interactions in acute stroke have revealed that in-
terfering with early steps of platelet adhesion (via anti-GPIb 
antibodies) and activation (via anti-GPVI antibodies) limits 
infarct progression, without increasing the risk of intracra-
nial bleeding.9 In contrast, inhibiting platelet aggregation 
(via anti-GPIIb/IIIa antibodies) not only failed to protect 
mice from an ischemic stroke but also increased mortality 
rates and induced significant intracranial hemorrhages.9 
Notably, Kraft et al10 subsequently confirmed these findings 
in aged and comorbid mice. In this study, GPVI inhibition 
conferred protection from stroke in aged mice, mice with 
diabetes mellitus, and hypertensive mice. In addition, in all 
these models, GPVI inhibition resulted in smaller cerebral 
infarcts, better functional outcomes, and reduced intrace-
rebral hemorrhage rates compared with mice treated with 
inhibitors of GPIIb/IIIa. It is noteworthy that the harm of 
GPIIb/IIIa inhibition in these experimental murine models 
recapitulates adverse outcomes clinical studies of stroke. 
In patients with stroke, GPIIb/IIIa inhibitors (which ef-
fectively prevent thrombosis) are associated with a signifi-
cantly increased risk of intracranial hemorrhage.11 Whether 
strategies targeting GPVI will be safer in the clinical setting 
of stroke remains to be seen, although the preclinical stroke 
data are promising.

In parallel to direct targeting of GPVI by ACT017, an in-
direct GPVI-targeting strategy has also advanced into clinical 
trials (Figure). Revacept is a soluble dimeric GPVI-Fc fusion 
protein which acts as a competitive inhibitor of GPVI by ir-
reversibly binding to exposed vascular collagen.12 Similar to 
ACT017, Revacept induced specific, dose-related inhibi-
tion of collagen-induced platelet aggregation while preserv-
ing general hemostasis in healthy individuals.12 As Revacept 
technically only works at sites of vascular injury, it was ini-
tially expected to have a smaller risk of bleeding complica-
tions. However, in an ex vivo model of human, atherosclerotic 
plaque–induced platelet aggregation, Revacept was found to 
be less effective than antibodies directly targeting GPVI.13 
This was attributed to platelets adhering at Revacept-free seg-
ments of collagen fibers, subsequently recruiting and activat-
ing additional platelets.
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How both strategies targeting GPVI will compare in a 
real-life thrombotic settings remains to be seen and warrants 
additional clinical investigation. Yet, the safe profile of both 
compounds in healthy volunteers and the absence of bleeding 
complications in patients with a genetic deficiency of GPVI is 
encouraging for further development of GPVI-targeted anti-
thrombotic strategies.

Acknowledgments
We thank Diana Lim for her excellent creativity and assistance with 
creating the figure.

Sources of Funding
F. Denorme is a postdoctoral fellow of the Fonds voor Wetenschappelijk 
Onderzoek Vlaanderen (FWO, 12U7818N).

Disclosures
None.

References
 1. Voors-Pette C, Lebozec K, Dogterom P, Jullien L, Billiald P, 

Ferlan P, Renaud L, Favre-Bulle O, Avenard G, Machacek M, Plétan Y, 
Jandrot-Perrus M. Safety and tolerability, pharmacokinetics, and phar-
macodynamics of ACT017, an antiplatelet GPVI (glycoprotein VI) Fab: 
first-in-human healthy volunteer trial. Arterioscler Thromb Vasc Biol. 
2019;39:956–964. doi: 10.1161/ATVBAHA.118.312314

 2. Rayes J, Watson SP, Nieswandt B. Functional significance of the platelet 
immune receptors GPVI and CLEC-2. J Clin Invest. 2019;129:12–23. doi: 
10.1172/JCI122955

 3. Kato K, Kanaji T, Russell S, Kunicki TJ, Furihata K, Kanaji S, Marchese P, 
Reininger A, Ruggeri ZM, Ware J. The contribution of glycoprotein VI to 
stable platelet adhesion and thrombus formation illustrated by targeted gene 
deletion. Blood. 2003;102:1701–1707. doi: 10.1182/blood-2003-03-0717

 4. Matus V, Valenzuela G, Sáez CG, Hidalgo P, Lagos M, Aranda E, Panes O, 
Pereira J, Pillois X, Nurden AT, Mezzano D. An adenine insertion in exon 

6 of human GP6 generates a truncated protein associated with a bleed-
ing disorder in four Chilean families. J Thromb Haemost. 2013;11:1751–
1759. doi: 10.1111/jth.12334

 5. Arthur JF, Dunkley S, Andrews RK. Platelet glycoprotein VI-related  
clinical defects. Br J Haematol. 2007;139:363–372. doi: 10.1111/j. 
1365-2141.2007.06799.x

 6. De Meyer SF, Denorme F, Langhauser F, Geuss E, Fluri F, Kleinschnitz C. 
Thromboinflammation in stroke brain damage. Stroke. 2016;47:1165–
1172. doi: 10.1161/STROKEAHA.115.011238

 7. Goerge T, Ho-Tin-Noe B, Carbo C, Benarafa C, Remold-O’Donnell E,  
Zhao BQ, Cifuni SM, Wagner DD. Inflammation induces hemorrhage  
in thrombocytopenia. Blood. 2008;111:4958–4964. doi: 10.1182/ 
blood-2007-11-123620

 8. Morowski M, Vögtle T, Kraft P, Kleinschnitz C, Stoll G, Nieswandt B.  
Only severe thrombocytopenia results in bleeding and defective  
thrombus formation in mice. Blood. 2013;121:4938–4947. doi: 10.1182/ 
blood-2012-10-461459

 9. Kleinschnitz C, Pozgajova M, Pham M, Bendszus M, Nieswandt B, 
Stoll G. Targeting platelets in acute experimental stroke: impact of gly-
coprotein Ib, VI, and IIb/IIIa blockade on infarct size, functional out-
come, and intracranial bleeding. Circulation. 2007;115:2323–2330. doi: 
10.1161/CIRCULATIONAHA.107.691279

 10. Kraft P, Schuhmann MK, Fluri F, Lorenz K, Zernecke A, Stoll G, 
Nieswandt B, Kleinschnitz C. Efficacy and safety of platelet glycoprotein 
receptor blockade in aged and comorbid mice with acute experimental stroke. 
Stroke. 2015;46:3502–3506. doi: 10.1161/STROKEAHA.115.011114

 11. Ciccone A, Motto C, Abraha I, Cozzolino F, Santilli I. Glycoprotein IIb-
IIIa inhibitors for acute ischaemic stroke. Cochrane Database Syst Rev. 
2014;3:CD005208.

 12. Ungerer M, Rosport K, Bültmann A, Piechatzek R, Uhland K, Schlieper P, 
Gawaz M, Münch G. Novel antiplatelet drug revacept (Dimeric Glycoprotein 
VI-Fc) specifically and efficiently inhibited collagen-induced platelet ag-
gregation without affecting general hemostasis in humans. Circulation. 
2011;123:1891–1899. doi: 10.1161/CIRCULATIONAHA.110.980623

 13. Jamasbi J, Megens RT, Bianchini M, et al. Differential inhibition of human 
atherosclerotic plaque-induced platelet activation by dimeric GPVI-Fc and 
anti-GPVI antibodies: functional and imaging studies. J Am Coll Cardiol. 
2015;65:2404–2415. doi: 10.1016/j.jacc.2015.03.573

KEY WORDS: Editorials ◼ collagen ◼ glycoproteins ◼ platelet aggregation 
◼ thrombosis

Figure.  Antithrombotic therapies are targeting 
platelet GP (glycoprotein) receptors. Clinically 
approved inhibitors targeting integrin αIIbβ3 (eg, 
GPIIb/IIIa) are listed in the top left. While these 
drugs are effective at preventing thrombosis, 
they are also associated with an increased 
bleeding risk in many patients. These bleeding 
complications may limit their use in the setting 
of ischemic stroke. In contrast, targeting GPVI 
may offer effective protection from thrombosis, 
without increasing bleeding risk. Blocking GPVI 
function can be achieved either by antibodies 
directly targeting the GPVI receptor (ACT017) or, 
indirectly, by preventing GPVI from binding to 
collagen that may be exposed on areas of dam-
aged endothelium (Revacept).
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