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Context-dependent signalling in platelets in

vascular diseases: ROCK2 around thrombosis
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This editorial refers to ‘Decreased thromboembolic stroke

but not atherosclerosis or vascular remodeling in mice

with ROCK2-deficient platelets’ by N. Sladojevic et al.,

pp. 1307–1317.

Platelets are best known as the cellular mediator of haemostasis and
thrombosis. They also possess immune and inflammatory functions that
contribute to many vascular pathologies, including atherogenesis, vascu-
lar remodelling, valvar calcification, and atherothrombosis.1,2 Platelet
activation is a complex process that requires intracellular signal transduc-
tion initiated and then amplified by surface receptors for platelet agonists
and involves active rearrangement of the actin cytoskeleton. Dynamic
rearrangement of the actin cytoskeleton underlie the production of
functional platelets by megakaryocytes as well as the secretion of platelet
granules, platelet shape change, spreading, and aggregation events neces-
sary for proper haemostasis.3 Among the cytoskeletal regulatory pro-
teins, members of the Rho family of GTP binding proteins, RhoA, Rac1,
and Cdc42 have emerged as critical regulators of platelet function.4

These small GTPases have overlapping redundancies in signalling proc-
esses, but also exhibit distinct features. Thus, RhoA governs platelet con-
tractility and thrombus stability,3 Rac1 drives lamellipodia formation and
Cdc42 may play predominant roles in filopodia formation and granule
secretion.4 Megakaryocyte-specific RhoA deficiency results in thrombo-
cytopenia and defective platelet activation.5 The most studied down-
stream effectors of RhoA are the two isoforms of Rho-associated
coiled-coil containing kinase (ROCK), ROCK1, and ROCK2, members
of the AGC family of serine/threonine kinases. Genetic deletion studies
have shown that ROCK1 and ROCK2 mediate diverse functions in dif-
ferent cell types.6,7 Extending these studies, Sladojevic et al.8 provide evi-
dence that ROCK2 plays a pivotal role in platelet activation and
thrombosis, but does not mediate platelets’ contribution to atheroscler-
otic lesion and vascular remodelling.

Sladojevic et al.8 developed mice with megakaryocyte-specific deletion
of ROCK2 (ROCK2Plt-/-). ROCK2 deficiency leads to increased size of
resting platelets and impairs cytoskeletal rearrangement that occurs dur-
ing platelet activation. Loss of platelet ROCK2 leads decreased aIIbb3

integrin binding to fibrinogen and reduced expression of CD62P
(P-selectin) without affecting surface expression of major glycoproteins.
These findings would indicate a role for ROCK2 in the initial activation of

aIIbb3 and triggering the release of CD62P from a-granules, rather than
maintenance of receptor activation on activated platelets. Consequently,
ROCK2-deficient platelets form considerably lesser amounts of hetero-
typic (platelets and leucocytes) and homotypic aggregates than wild-type
ones. Using the ferric chloride-induced carotid artery injury model, the
authors show that platelet-specific loss of ROCK2 decreases thrombus
formation in situ. Likewise, in a model of acute thrombo-embolic stroke
evoked by injection of pre-formed blood clots from wild-type or
ROCK2Plt-/- mice into the middle cerebral artery, ROCK2-deficient
thrombotic clots are less stable and consequently, cause less cerebral
injury and neurological deficits.

ROCK2Plt-/- mice displays slight macrothrombocytopenia, forming
about 80% of the numbers of platelets relative to wild-type mice.
Although the underlying mechanism is unknown, these observations
would suggest a limited contribution of ROCK2 signalling to platelet gen-
eration as opposed to the dual requirement for Rac1 and Cdc42 for
proper platelet production.5 The modest �20% reduction of platelet
count in ROCK2Plt-/- mice is unlikely by itself to affect primary
haemostasis,5 indicating that the antithrombotic action of ROCK2 defi-
ciency can be attributed to inhibition of platelet function. These findings
underscore the importance of platelet ROCK2 in thrombosis and
thrombo-embolic stroke and are consistent with increased ROCK activ-
ity detected in experimental models of vascular inflammation,9 and
patients with acute ischemic strokes.10 An obvious limitation of the study
of Sladojevic et al. is that it provides no information on how platelet
ROCK2 deficiency leads to protection against thrombo-embolic stroke.
Furthermore, the authors’ observations do not exclude a role for ROCK
in the vessel wall, which may be activated by mediators released from
platelets. Clinical studies have shown that antiplatelet therapy is associ-
ated with systemic anti-inflammatory actions in patients with athero-
thrombotic disease.11 One perspective is to investigate whether genetic
deletion or pharmacological blockade of ROCK2 could also activate
anti-inflammatory mechanisms.

The RhoA-ROCK signalling pathway has extensively been studied.4

Like ROCK2, ROCK1 also triggers phosphorylation of myosin-binding
subunit of myosin light chain phosphatase (MYPT1) that drives actin
remodelling events. It is unclear why ROCK1 does not compensate for
loss of ROCK2. Interestingly, ROCK2-deficient platelets also exhibit
slightly reduced ROCK1 expression. Whether ROCK2 regulates
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ROCK1 expression and whether ROCK1 is downstream of ROCK2
remain speculative. The currently available ROCK inhibitors, such as
fasudil or Y27632 lack selectivity towards the two isoforms and could
also inhibit other serine/threonine kinases, thereby limiting their useful-
ness in addressing this issue. Figure 1 summarizes the contribution of pla-
telet ROCK2 to normal haemostasis and thrombosis and the possible
mechanisms of action.

An unexpected observation in this study was the failure of ROCK2-
deficient platelets to attenuate neointima formation following carotid
artery ligation or development of atherosclerotic lesions in Ldlr-/- mice
fed with high-fat diet for 16 weeks. Earlier studies have reported reduced
vascular remodelling after balloon-injury12 and early atherosclerotic
lesion formation following ROCK inhibition in mice.13 ROCK activity in
peripheral blood leucocytes has been proposed as a biomarker of cardi-
ovascular events in patients.14 A plausible hypothesis posits that Rho-
ROCK-independent signalling pathways mediate platelet activation and
ROCK signalling in the cells of the vessel wall or leucocytes rather than
in platelets contributes to these pathologies. Indeed, ROCK2 inhibits
reverse cholesterol transport in macrophages,15 thereby promoting

foam cell formation. Clearly, further studies are warranted to address
the cell-specific and context-dependent impact of ROCK signalling under
these pathological conditions.

Recent progress reveals more complex signalling and amplification net-
works in platelet activation than those previously established. The discov-
ery of new circuits challenges some of the long-standing concepts of
platelet signalling. The study of Sladojevic et al.8 identifies ROCK2 as an
important signalling molecule that could eventually be targeted for limit-
ing thrombotic events. Although Sladojevic et al. do not report on the sig-
nalling pathways that underlie platelets’ contribution to vascular
remodelling or atherogenesis, their findings raise the intriguing possibility
of therapeutic blockade of these pathways with minimal interference with
haemostasis in patients on long-term antiplatelet therapy. Considering
the complexity of Rho family GTPase signalling, it remains a future chal-
lenge to investigate the benefits of therapeutic targeting of ROCK2 (and
perhaps ROCK1) in patients with thrombo-embolic diseases.

Conflict of interest: none declared.

Figure 1 Schematic representation of ROCK2 signalling in platelets, underlying haemostasis, thrombus formation and thromboembolic stroke. Thrombin
and other platelet agonists through GPCRs induce RhoA-mediated activation of ROCK2. ROCK2 drives separate steps of platelet activation, leading to
thrombus formation and ultimately to thromboembolic stroke. ROCK2 also regulates platelet formation by megakaryocytes albeit to a considerably lesser
degree than Rac1 or Cdc42. For the sake of simplicity, RhoA (and possibly ROCK2)-driven platelet contraction and clot retraction are not shown.
Intriguingly, platelet-selective deletion of ROCK2 does not affect vascular remodelling and atherogenesis. Cdc42, cell division control protein 42 homolog
(Rho-type GTPase); FG, fibrinogen; GPCRs, G-protein-coupled receptors; Ga13, b, c, G-protein subunits coupling to GPCRs; Rac1, Ras-related C3 botuli-
num toxin substrate 1 (Rho-type GTPase); RhoA, Ras homolog gene family member A; ROCK, Rho-associated coiled-coil containing kinase.
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