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Platelet aggregate formation is a multistep process involving receptor-
mediated, as well as biomechanical, signaling cascades, which are
highly dependent on actin dynamics. We have previously shown that

actin depolymerizing factor (ADF)/n-cofilin and Twinfilin 2a, members of
the ADF homology (ADF-H) protein family, have distinct roles in platelet
formation and function. Coactosin-like 1 (Cotl1) is another ADF-H protein
that binds actin and was also shown to enhance biosynthesis of pro-inflam-
matory leukotrienes (LT) in granulocytes. Here, we generated mice lacking
Cotl1 in the megakaryocyte lineage (Cotl1-/-) to investigate its role in platelet
production and function. Absence of Cotl1 had no impact on platelet
counts, platelet activation or cytoskeletal reorganization under static condi-
tions in vitro. In contrast, Cotl1 deficiency markedly affected platelet aggre-
gate formation on collagen and adhesion to immobilized von Willebrand
factor at high shear rates in vitro, pointing to an impaired function of the
platelet mechanoreceptor glycoprotein (GP) Ib. Furthermore, Cotl1-/-

platelets  exhibited increased deformability at high shear rates, indicating
that the GPIb defect may be linked to altered biomechanical properties of
the deficient cells. In addition, we found that Cotl1 deficiency markedly
affected platelet LT biosynthesis. Strikingly, exogenous LT addition restored
defective aggregate formation of Cotl1-/- platelets at high shear in vitro, indi-
cating a critical role of platelet-derived LT in thrombus formation. In vivo,
Cotl1 deficiency translated into prolonged tail bleeding times and protec-
tion from occlusive arterial thrombus formation. Together, our results show
that Cotl1 in platelets is an integrator of biomechanical and LT signaling in
hemostasis and thrombosis.
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ABSTRACT

Introduction

Platelets are small anucleate cells that are essential for hemostasis and mainte-
nance of vascular integrity, but are also implicated in thrombosis resulting in
ischemia and infarction under pathological conditions.1 The classic, simplified
model of platelet-dependent arterial thrombus formation comprises sequential
steps, involving platelet deceleration on the injured vessel wall via interaction of the
platelet mechanoreceptor glycoprotein (GP) Ib with von Willebrand factor (vWF)
immobilized on the injured vessel wall. This is followed by cellular activation via
the collagen receptor GPVI and G protein-coupled receptors (GPCR) stimulated by
soluble agonists such as ADP, thromboxane A2 (TxA2) or thrombin. The final com-
mon pathway of these activatory events is the functional upregulation of integrins,
which mediate firm platelet adhesion and aggregation. 



Critical determinants of thrombus formation are the
locally prevailing rheological conditions. With increasing
shear rate, e.g. during the development of stenosis,
platelet adhesion and aggregate formation become
increasingly dependent on GPIb-vWF interactions. At sites
of very high, pathological shear rates and disturbed flow,
occlusive arterial thrombus formation can be mediated
predominantly by the GPIb-vWF interaction, does not
involve visible platelet shape change or activation, and
may thus be mediated, at least in part, by the biomechan-
ical interaction of platelets.2 In accordance with this, it was
shown that vWF-mediated pulling at the GPIbα receptor
under shear induces the unfolding of a juxtamembrane
mechanosensitive domain, which might contribute to
platelet mechanosensing under dynamic conditions and
GPIb-induced intracellular signaling.3 Thus, it appears that
platelet-mediated thrombus formation in vivo involves
both agonist receptor and biomechanical signaling, the
interplay of which is still poorly understood. 

Platelets are produced by megakaryocytes (MK) in the
bone marrow (BM) through a cytoskeleton-driven
process. The critical role of the actin cytoskeleton for
platelet production and function is illustrated by the asso-
ciation of mutations in genes encoding proteins that are
involved in actin cytoskeletal organization, such as
Diaphanous Related Formin 1  (DIAPH1),4 filamin A
(FLNA),5 Wiskott Aldrich syndrom protein (WASP),6

actinin 1 (ACTN1),7 or tropomyosin 4 (TPM4)8 with
platelet disorders in humans and mice. In circulating
platelets, the actin cytoskeleton is essential to maintain
cell morphology and to exert key functions upon activa-
tion, such as granule release, as well as the formation of
filopodia and lamellipodia.9 However, the complex protein
network orchestrating actin dynamics in platelets is not
fully  understood.

The ADF homology domain (ADF-H) is one of the best-
characterized actin binding motifs. The ADF-H protein
family comprises twinfilin (Twf), ADF/n-cofilin,
Abp1/drebrin, and coactosin-like 1 (Cotl1/CLP). We have
previously shown that Twf2a and ADF/n-cofilin play dis-
tinct, critical roles in platelet formation and function.10,11

Although sharing less than 20% sequence identity with
the other ADF-H family members, Cotl1 is structurally
highly homologous, suggesting a similar role for
cytoskeletal dynamics.12 Indeed, Cotl1 binds F-actin, but
does not interact with actin monomers.13 Furthermore,
Cotl1 was shown to prevent n-cofilin-mediated depoly-
merization of actin filaments, thereby promoting lamel-
lipodia formation at the immune synapse.14 Besides its
interaction with F-actin, Cotl1 is implicated in the biosyn-
thesis of leukotrienes (LT),15 lipid-derived pro-inflamma-
tory mediators involved in a variety of inflammatory
processes such as allergy or asthma. Cotl1 was shown to
interact with 5-lipoxygenase (5-LO), a key enzyme in LT
biosynthesis that catalyzes two of the initial steps, namely
the oxygenation of arachidonic acid (AA) to 5-HPETE and
the subsequent dehydration into the epoxide LTA4.15-17

Platelet-stored LT have been shown to contribute to
inflammatory responses, e.g. during lung inflammation.18

However, the mechanism underlying this contribution, as
well as the precise role of LT for platelet function, have not
been defined. 

Here, we generated conditional knockout mice lacking
Cotl1 in the MK lineage. We found that Cotl1 is critically
required for stable platelet thrombus formation under con-

ditions of shear flow in vitro and in vivo by modulating the
function of the mechanoreceptor GPIb, as well as platelet
LT biosynthesis.

Methods

Animals
Cotl1+/- mice were generated by injection of embryonic stem cell

clone Cotl1tm1a(EUCOMM)Hmgu into C57Bl/6 blastocysts. Germline trans-
mission was confirmed by backcrossing of the chimeric mice with
C57Bl/6 mice. Cotl1+/- mice were intercrossed with mice carrying
Flp recombinase to generate Cotl1fl/+ mice, which were intercrossed
with mice carrying Cre recombinase under control of the platelet
factor 4 (Pf4) promoter to generate mice lacking Cotl1 specifically
in MK and platelets.19 For all experiments, 12- to 16-week old
Cotl1fl/fl;Pf4Cre and Cotl1fl/fl littermate controls, maintained on a C57Bl/6
background, were used. All mice were derived from the following
breeding strategy: Cotl1fl/fl;Pf4Cre X Cotl1fl/fl..

Animal studies 
Animal studies were approved by the district government of

Lower Franconia (AZ15_14; Bezirksregierung Unterfranken).
Further details of reagents and experimental procedures are

given in the Online  Supplementary Appendix.

Results

Cotl1 deficiency does not affect platelet function
under static conditions

Cotl1fl/fl;Pf4Cre mice (hereon referred to as Cotl1-l-) were
viable and born in the expected Mendelian ratios. The
absence of Cotl1 in platelets was confirmed by western
blotting (Online  Supplementary Figure S1A). Cotl1 deficien-
cy did not  affect either peripheral platelet count, size or
ultrastructure (Figure 1A-C) nor the expression of promi-
nent platelet surface receptors (Online Supplementary Table
S1). This is in contrast to deficiency in the ADF-H protein
family members Twf2a11 or n-cofilin,10 which results in
thrombocytopenia in mice. Thus, Cotl1-/- mice represent
the first knockout mouse model of an ADF-H family
member with apparently normal platelet biogenesis. 

A common feature of ADF-H family members is their
involvement in cytoskeletal dynamics. Consistently, n-
cofilin deficiency resulted in impaired stimulus-dependent
F-actin assembly, whereas Twf2a-deficient mice displayed
increased actin dynamics.10,11 According to previous stud-
ies, n-cofilin and Cotl1 are highly abundant in both
human and mouse platelets,20,21 while Twf2 levels are
slightly lower. The results for Twf1 and drebrin, which
was not listed in the mouse dataset, suggest that they are
expressed at a lower level. Importantly, both datasets indi-
cate that the expression of ADF-H proteins is similar in
human and mouse platelets. 

We determined expression levels of the ADF-H mem-
bers Twf1/2a and n-cofilin by western blotting, but could
not detect differences in total expression levels of either
protein between WT and Cotl1-/- platelets (Figure 1D and
E). Strikingly, we observed a strong (2-fold) increase in
expression of the (inactive) phosphorylated form of n-
cofilin (Ser3) in Cotl1-/- platelets (***P<0.001) (Figure 1E
and F). Next, we analyzed the localization of Cotl1 in
resting and spread platelets (Online  Supplementary Figure
S1B and C). In line with previous observations,22 we
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observed a cytoplasmic localization which partially over-
lapped with that of F-actin and tubulin. When visualizing
the F-actin ultrastructure in resting platelets by transmis-
sion electron microscopy (TEM),23 we observed that the
actin scaffold was disrupted in a significant proportion of
Cotl1-deficient platelets compared to the WT: (1) partially
disrupted: Cotl1-/- 17.1% versus WT 4.9%, **P>0.01; (2)
strongly disrupted: Cotl1-/- 8.2% vs. WT 3% (Figure 1G).
However, we could not detect changes in resting F-actin
levels or agonist-induced F-actin polymerization in Cotl1-/-

platelets (Online Supplementary Figure S2A and B). In addi-
tion, although Cotl1 was recently described as a regulator
of T-cell spreading at the immune synapse,14 Cotl1 defi-
ciency in platelets did not affect their ability to spread on
fibrinogen (Online  Supplementary Figure S2C), as shown
by normal morphology and distribution of F-actin and
tubulin in the spread platelets (Online Supplementary Figure
S2D and E). 

Together, these results indicated that Cotl1 is not essen-
tial for platelet production or platelet actin remodeling. 

Cotl1 is required for platelet aggregate formation
under flow conditions 

We next studied the effect of Cotl1 deficiency on ago-
nist-induced platelet activation. Flow cytometry was used
to determine activation of the major platelet integrin
αIIbβ3 as well as degranulation (P-selectin exposure) in
response to a panel of standard agonists (Online
Supplementary Figure S3A and B). In contrast to the hyper-
reactivity of Twf2a-deficient platelets,11 Cotl1-/- platelets
displayed unaltered responses to agonists acting on both
GPCR (thrombin, ADP, TxA2 analog U46619) and
(hem)ITAM signaling (collagen-related peptide (CRP),
convulxin, rhodocytin) (Online Supplementary Figure S3A
and B). Furthermore, washed Cotl1-/- platelets showed
unaltered aggregation upon stimulation with thrombin,
U46619, collagen and CRP as compared to the control
(Online  Supplementary Figure S4A). Similar results were
obtained when using platelet-rich plasma (PRP) instead of
washed platelets (Online Supplementary Figure S4B). These
results demonstrated that Cotl1 is not required for platelet
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Figure 1. Cotl1 is not essential for platelet formation and function under static conditions in vitro. (A and  B) Platelet count (A) and size (B) were determined with an
automated cell analyzer (ScilVet). (C) Visualization of platelet size and structure using transmission electron microscopy (n=4). Scale bar, 2 mm. (D-F) Platelets were
left untreated, lysed, and processed for immunoblotting. Total twinfilin (D), phosphorylated n-cofilin and total n-cofilin (E) were probed with the respective antibodies
and analyzed by densitometry (F). GAPDH served as loading control. Values are mean±standard deviation (SD) (n=3). (G) Images of the platelet cytoskeleton ultra-
structure on poly-L-lysine. (Left) WT sample. (Right) Cotl1-/- sample. 0: intact, 1: partially disrupted, 2: strongly disrupted F-actin structures. Scale bar, 1 mm. At least
158 platelets per genotype were analyzed.
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activation and aggregation responses under static condi-
tions in vitro. 

In sharp contrast, however, Cotl1 deficiency markedly
affected platelet aggregation and thrombus formation
under shear flow conditions in vitro. We used a flow adhe-
sion assay where the perfusion of whole anticoagulated
WT blood over a collagen-coated surface leads to rapid
platelet adhesion, activation and three-dimensional aggre-
gate formation. While aggregate formation at low shear
(150 s-1) was comparable between Cotl1-/- and WT samples,
we observed significantly reduced platelet adhesion, sur-
face coverage and thrombus volume in blood from Cotl1-/-

animals at medium and high shear rates (1 000 s-1, *P<0.05;
3 000 s-1, **P<0.01) (Figure 2A-C and  Online  Supplementary
Figure S5). Strikingly, thrombus volume and platelet sur-
face coverage were also significantly reduced in blood
from Cotl1-/- mice when the flow adhesion assay was car-
ried out in the presence of coagulation (Online
Supplementary Figure S6).

Platelet adhesion and aggregate formation under medi-
um and high shear rates is dependent on the interaction
between the mechanoreceptor GPIb and immobilized
vWF.24 To investigate a possible involvement of Cotl1 in
GPIb-mediated tethering/adhesion, we perfused blood
from WT and Cotl1-/- animals over a vWF-coated surface at
high shear (3,000 s-1). The velocity of individual rolling
Cotl1-/- platelets on immobilized vWF was comparable to
the WT (Figure 2E, right); however, the number of adher-
ent Cotl1-/- platelets was significantly reduced (**P<0.01)
(Figure 2D and E). Our results thus indicated that Cotl1 is
required to ensure GPIb function during platelet adhesion
and aggregate formation under conditions of high shear. 

Growing experimental evidence suggests that signaling
induced by the GPIb-vWF interaction involves mechan-
otransduction and transmission of forces to the actin
cytoskeleton.3,25,26 Therefore, to assess the impact of Cotl1
deficiency on platelet biomechanical properties more gen-
erally, we subjected Cotl1-/- platelets to the recently
described real-time deformability cytometry (RT-DC),27 a
method for continuous mechanical characterization of
cells which are deformed by shear forces in a microfluidics
chamber (Figure 2F). Strikingly, we found a significantly
increased deformability of Cotl1-/- platelets (*P<0.05) as
compared to WT (Figure 2G and H, right). Importantly, we
could exclude the possibility that the increased deforma-
bility was due to an increased platelet size; by contrast,
the measured size of Cotl1-/- platelets in this assay was
even slightly decreased as compared to the control (Figure
2H, left). Together, these results indicate that Cotl1 sup-
ports GPIb function and thus the formation of stable
platelet aggregates under shear conditions, and that this
function may, in part, be mediated by the modulation of
platelet biomechanical properties. 

Cotl1 regulates leukotriene biosynthesis in platelets 
Leukotrienes are pro-inflammatory lipid mediators

mainly produced by immune competent cells such as
leukocytes, e.g. mast cells, eosinophils, neutrophils,
monocytes and basophils, and are implicated in a variety
of inflammatory responses. Interestingly, besides its func-
tion as an actin-regulatory protein, Cotl1 was shown to
bind and modulate the activity of the enzyme 5-lipoxyge-
nase (5-LO).15,17,28 5-LO catalyzes the two initial steps of LT
biosynthesis: (1) the oxygenation of AA to 5-HPETE; and
(2) the subsequent dehydration into leukotriene A4 (LTA4)

which is then further converted to LTB4 (Online
Supplementary Figure S7).29,30 Besides serving as substrate
for LT biosynthesis, AA is converted to thromboxanes
(TxA/B2), prostacyclin (PGI2), and prostaglandines (PGE/F2)
by cyclo-oxygenases in platelets (Online  Supplementary
Figure S4).31,32

To investigate the effect of Cotl1 deficiency on LT pro-
duction in platelets, we assessed the release of 5,12-
diHETE and LTB4 in the supernatant of washed CRP- or
thrombin-stimulated platelets. Strikingly, the secretion of
both lipid mediators was significantly reduced in Cotl1-/-

platelets upon CRP activation as compared to WT controls
and a similar tendency was observed for thrombin-stimu-
lated platelets (*P<0.05) (Figure 3A). Of note, the total AA
amount was comparable to WT platelets, demonstrating
that the abundance of this initial metabolite was not
affected by Cotl1 deficiency (Figure 3A, left). To assess
whether AA was consumed by other pathways, we ana-
lyzed TxB2 levels by ELISA. Strikingly, we found signifi-
cantly increased TxB2 release in thrombin-stimulated and,
to a lesser extent, CRP-stimulated Cotl1-/- platelets com-
pared to the control (*P<0.05), indicating that the excess of
available AA in Cotl1-/- platelets was consumed by an
upregulation of prostaglandin biosynthesis (Online
Supplementary Figure S8). 

To assess whether, indeed,  Cotl1 directly influences 5-
LO activity, lysates of CRP- or thrombin-stimulated
platelets were probed for active 5-LO (S663 phosphoryla-
tion) by western blotting (Figure 3B). Of note, basal levels
of active 5-LO were comparable between Cotl1-/- and WT
platelets. Strikingly, while activation induced pronounced
S663 phosphorylation in WT platelets, this process was
significantly reduced in Cotl1-/- platelets (thrombin:
*P<0.05; CRP: **P<0.01) (Figure 3B and C). Together, these
results demonstrated that Cotl1 directly influences 5-LO
activity, ultimately resulting in reduced biosynthesis and,
subsequently, release of LT from Cotl1-/- platelets. 

Defective shear-dependent thrombus formation 
in Cotl1-deficient mice is rescued by exogenous 
addition of leukotriene B4

We next investigated whether the reduced release of
lipid mediators in Cotl1-/- mice contributed to defective
platelet aggregate formation of Cotl1-/- platelets under flow.
We decided to focus on LTB4, one of the end products of
the LT biosynthesis pathway downstream of LTA4, which
was shown to stimulate neutrophil chemotaxis33 and acti-
vation.34 First, we tested whether LTB4 was able to directly
induce platelet activation. As LTB4 was described to
induce neutrophil aggregation and degranulation at con-
centrations of  0.1 mM35,36 and leukocyte aggregation,
chemotaxis and chemokinesis at a subnanomolar range of
0.39 nM,35 we used concentrations of 0.025-250 nM LTB4

(Cayman Chemicals) in our assays. None of the tested
LTB4 concentrations induced platelet activation under stat-
ic conditions in vitro (Online  Supplementary Figures S9A and
S10A). Likewise, LTB4 addition did not further enhance
integrin αIIbβ3 activation, degranulation or aggregation of
WT or Cotl1-/- platelets (Online Supplementary Figures S9B
and S10B). 

Using the in vitro flow adhesion assay (Figure 2A-C), we
next investigated the effect of LTB4 on platelet aggregate
formation under flow. Adding concentrations of 2.5 nM or
higher interfered with aggregate formation (1,700s-1) in
WT blood, whereas lower concentrations had no effect
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Figure 2. Cotl1 is required for thrombus formation and stability at high shear. (A-C) Assessment of platelet adhesion (A and  B) and aggregate formation (A and C) on
Horm collagen (70 mg mL-1) under flow (150-3 000 s-1) in heparinized whole blood of WT and Cotl1-/- mice. Values are mean±standard deviation (SD) (n=12). Scale bar,
50 mm. (D and  E) Heparinized whole blood of WT and Cotl1-/- mice was perfused over a von Willebrand factor (vWF)-coated cover slip for 4 minutes (min) at a shear rate
of 3,000 s-1. (D) Representative phase contrast images taken at the end of the perfusion time and (E) analysis of the number of adherent platelets per mm2 ±SD (left),
as well as the rolling velocity calculated from the distance a platelet covered per minute in mm ±SD (right) was performed. Images were acquired with a Zeiss Axiovert
200 inverted microscope (40x/0.6 oil objective). Images are representative of at least 12 animals per group. Scale bar, 50 mm. Unpaired Student t-test: **P<0.01;
*P<0.05. (F-H) Real-time deformability cytometry (RT-DC),27 a method for continuous mechanical characterization of cells which are deformed by deceleration at the
stagnation point of fast extensional flow. (F) Scheme depicting the principle of real-time deformability cytometry (RT-DC.) (G) Representative dot plots showing the relative
deformation, as well as the (H) the size of washed WT and Cotl1-/- platelets. Values are mean±SD (n=3). *P<0.1; **P<0.01. A.U. : arbitrary units.

A

B C

D E F

G H



(Online Supplementary Figure S11A and B). Strikingly, pre-
incubation with 0.25 nM LTB4 could fully restore aggre-
gate formation of Cotl1-/- platelets to WT levels (Figure 4A
and B), indicating that the defect observed in untreated
Cotl1-/- samples was caused by impaired platelet-derived
LTB4 production. To investigate whether LTB4  has a more
general function in this context, we analyzed two addi-
tional knockout mouse lines with a described defect in the
flow adhesion assay: Grb2fl/fl;Pf4Cre (Grb2-/-) mice have normal
platelet counts but the platelets display a selective
GPVI/ITAM activation defect.37 RhoAfl/fl;Pf4Cre (RhoA-/-) mice
are thrombocytopenic and deficient platelets display

impaired G protein coupled receptor (GPCR) signaling.38

Notably, the addition of LTB4 to anticoagulated blood
from Grb2-/- mice resulted in moderately increased platelet
surface coverage (P=0.06)  as compared to untreated sam-
ples, but could not restore aggregate formation to WT lev-
els (Online Supplementary Figure S12). Furthermore, LTB4

addition had no effect on aggregate formation in platelet-
count adjusted blood of RhoA-/- mice (Online  Supplementary
Figure S13). Together, these findings demonstrated that
addition of LTB4 cannot compensate for defective platelet
aggregate formation under flow in the presence of promi-
nent platelet activation/secretion defects. At the same

I. Scheller et al.

1672 haematologica | 2020; 105(6)

Figure 3. Cotl1 is a regulator of leukotriene biosynthesis in platelets. (A) For lipid mediator analysis platelets were either left untreated or stimulated with CRP [5 mg
mL-1] or thrombin [0.01 U mL-1] for 5 minutes (min). Subsequently, samples were spun down, pellet and supernatant were separately shock-frozen in liquid nitrogen.
Lipid abundance was assessed using liquid crystal mass spectrometry. Values are mean±standard deviation (SD)  (n=15). (B and  C) Platelets were either left untreat-
ed or stimulated with CRP [5 mg mL-1] or thrombin [0.01 U mL-1] for 5 min, lysed, and processed for immunoblotting. Total 5-LO, phospho-5-LO (S663) and GAPDH (B)
were probed with the respective antibodies and analyzed by densitometry (C). Values are mean±SD (n=4).
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time, our results emphasize that reduced LTB4 production
in Cotl1-/- platelets, which display no obvious activation
defect per se, significantly contributed to the impaired
aggregate formation in the presence of shear. 

Cotl1 modulates thrombosis and hemostasis
To investigate whether the impaired shear-dependent

aggregate formation translated into a phenotype in vivo,
we subjected Cotl1-/- mice to an experimental model of
arterial thrombosis. Since it is well documented that col-
lagen is a main driver of thrombus formation in bigger
vessels, particularly in models of mechanical injury, we
chose a model where the abdominal aorta is mechanically
injured. This procedure triggers rapid platelet adhesion to
the injured vessel wall, followed by the development of a
large occlusive thrombus associated with dynamic
changes in both shear and biomechanical forces acting on
adhering platelets in the growing thrombus. Strikingly,
Cotl1-/- mice were profoundly protected from occlusive
thrombus formation in this model (Figure 5A and B). In

WT mice, irreversible vessel occlusion was observed
within 7 minutes (min) after injury (mean occlusion time
3.37±0.72 min). In sharp contrast, while a progressive
reduction in blood flow occurred during the first minutes
after injury in Cotl1-/- mice, indicative of beginning throm-
bus formation and increasing stenosis, blood flow after-
wards normalized and 9  of 11 mice displayed normal
blood flow through the injured vessel at the end of the
observation period (30 min) (***P<0.001). These results
demonstrated that Cotl1 is essential for occlusive arterial
thrombus formation in vivo. 

To assess the hemostatic function of Cotl1-/- platelets,
we performed a tail bleeding assay. Notably, while tail
bleeding times were overall significantly increased in
Cotl1-/- mice (7.8±12.2 min in Cotl1-/- mice vs. 3.3±1.8 min
in WT; *P<0.05) the hemostatic defect was rather mild
given the profound protection in the arterial thrombosis
model (Figure 5C), indicating that Cotl1 may be particu-
larly important in settings of pathological thrombus for-
mation. 

Cotl1 regulates shear-dependent thrombus formation
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Figure 4. Defective shear-dependent thrombus
formation in Cotl1-deficient mice can be res-
cued by exogenous addition of leukotriene B4.
(A-C) Assessment of platelet adhesion (A and B)
and aggregate formation in heparinized blood
(A and C) on Horm collagen (70 mg mL-1) under
flow (1700 s-1). WT and Cotl1-/- samples were
either left untreated or were pre-incubated for 5
minutes (min) with LTB4 [0.25 nM]. Images are
representatives of at least 12 mice per group.
Values are mean±standard deviation. Scale
bar, 50 mm. *P<0.1; **P<0.01.
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Discussion 

Here, we demonstrate for the first time that the small
ADF-H-domain-containing actin-binding protein Cotl1 has
entirely different functions compared to the other protein
family members ADF/n-cofilin and Twf, at least in platelets.
Cotl1 deficiency neither had an impact on thrombopoiesis
or platelet function under static conditions in vitro, nor did it
obviously affect actin reorganization. Strikingly, we could
reveal a critical role of Cotl1 for stable thrombus formation
under conditions of shear in vitro and in vivo. Our results
point to two distinct and so far undescribed roles of Cotl1
in this process. On the one hand, the F-actin binding func-
tion of the protein is required for proper GPIb function and
possibly shear-induced biomechanical signaling. On the
other hand, the 5-LO enzyme-modulating function of Cotl1
promotes the biosynthesis of LT, which positively modu-
late thrombus formation.   

The crucial role of actin cytoskeletal rearrangements for
platelet formation and reactivity has been demonstrated
in a number of studies.5,7,8,10,11,39 While we have previously
shown that lack of either Twf2a or n-cofilin in the MK lin-
eage results in thrombocytopenia and distinct platelet
function defects,10,11 deficiency of Cotl1 did not affect cir-
culating platelet counts. This may be explained by the dis-
tinct actin-binding properties and biological activities of
each ADF-H member, which can be attributed to their dif-
ferent domain structure.12 Hence, n-cofilin deficiency
decreased stimulus-dependent F-actin assembly, whereas
on the contrary, Twf2a-deficient mice displayed enhanced
actin dynamics.10,11 Notably, we observed strongly elevat-
ed levels of phosphorylated (inactive) n-cofilin in Cotl1-
deficient platelets. This finding was unexpected given
that, in T cells, Cotl1 was shown to be required for
spreading at the immune synapse by protecting F-actin
from n-cofilin-mediated severing,14 which would suggest
enhanced rather than reduced n-cofilin activity in the
absence of Cotl1. We still cannot explain this apparent dis-
crepancy but can exclude the possibility that it was caused
by a direct compensation by another ADF-H protein
member since expression of Twf1/2a and n-cofilin were
unaltered in Cotl1-/- compared to WT platelets.

Over the past few years, greater attention has been
given to the critical influence of blood rheology and its
dynamical changes on platelet adhesion and thrombus
growth, including the relevance of mechanotransduction-
based signaling in vivo. Best studied in this context is the
platelet mechanoreceptor GPIb which plays a pivotal role
for platelet adhesion, as well as thrombus formation at
high shear.24 We observed that the reduced aggregate for-
mation of Cotl1-/- platelets on collagen under flow in vitro
was most pronounced at high shear rates, where GPIb
becomes increasingly important. Consistently, GPIb-
mediated adhesion of Cotl1-/- platelets to vWF was signifi-
cantly reduced. Together, this indicates an involvement of
Cotl1 in basic GPIb-mediated platelet responses. 

The cytoplasmic domain of the GPIbα subunit is tightly
linked to the actin cytoskeleton. This interaction is critical
for the correct localization of GPIb in the plasma mem-
brane40 and probably also enables mechanotransduction
upon binding of GPIb to its ligand vWF at high shear rates.
To study whether the actin-regulating function of Cotl1 in
platelets may be specifically critical under shear condi-
tions, we used a novel, quite general, approach to charac-
terize platelet biomechanical properties by assessing their
shear-induced deformability using RT-DC.27 This assay
has the advantage that, in contrast to other experimental
approaches, the biomechanical function of a high cell
number can be readily analyzed, and this increases the
reliability of the results. Despite not detecting defects in
actin assembly under static conditions, strikingly, we
observed higher deformability of Cotl1-deficient platelets
in RT-DC measurements. Our results, therefore, clearly
show that biomechanical properties are significantly
altered in Cotl1-deficient platelets, which may have a sub-
stantial influence on their function in vivo, possibly also
affecting signaling of the mechanoreceptor GPIb. 

Besides its interaction with F-actin, Cotl1 is a binding
partner of 5-LO, the key enzyme in LT biosynthesis,15

which is expressed in immune competent cells and
platelets. LT are a group of inflammatory mediators
derived from AA. Upon activation, intracellular Ca2+ levels
increase, free AA is liberated from membrane phospho-
lipids by phospholipases, and 5-LO is activated, leading to
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Figure 5. Cotl1 modulates thrombosis and hemostasis. (A and B) Intravital thrombosis model. (A) Representative graph of blood flow of one WT and one Cotl1-/-

mouse after mechanical injury of the abdominal aorta. (B) Occlusion times after mechanical injury of the abdominal aorta. Data are mean±standard deviation of at
least eight mice per group. (C) Tail bleeding times in WT and Cotl1-/- mice (filter paper method). Each symbol represents one individual. Unpaired Student t-test:
***P<0.001; *P<0.05. 
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the generation of intermediate LTA4 and subsequently the
production of the different LT types (Online  Supplementary
Figure S7).35 Besides the cysteinyl (cysLT) LT (LTC4 , LTC4,
LTE4), these also include LTB4, which stimulates neu-
trophil chemotaxis,33 enhances neutrophil-endothelial
interactions,41 and stimulates neutrophil activation, lead-
ing to degranulation and the release of mediators,
enzymes, and superoxides.34 LTB4 can also act on other cell
types, e.g. by increasing interleukin (IL)-6 production by
human monocytes.42 Platelet-derived LT were shown to
contribute to inflammatory responses, e.g. during acute
inflammation via activation of leukocytes,18,43 but only a
few very early in vitro studies indicated an impact of LT
directly on platelet aggregation.18,43

A recent comprehensive analysis of the platelet
lipidome by Peng et al. revealed that the AA/5-LO/LT
pathway is significantly induced by platelet activation.44

Therefore, to  directly assess whether lack of Cotl1 down-
regulates 5-LO activity and hence LT biosynthesis, we
characterized platelet lipid mediator levels using mass
spectrometry.44 Our data confirm previous findings from
other cell types that Cotl1 positively regulates 5-LO,17 as
lack of Cotl1 induced a shift from LT to prostaglandin
biosynthesis downstream from AA, leading to reduced
levels of LTA4 and LTB4, but higher levels of TxB2 in the
knock-out platelets. Interestingly, CRP (but not thrombin)
was able to induce significant LTB4 release in WT platelets.
This is in line with findings by Peng et al. who observed
that CRP, but not thrombin alone, was able to induce sig-
nificant changes in the platelet lipidome.44 Thus, our
detailed study  further shows that the AA/LTB4 pathway
is induced by GPVI/ITAM rather than GPCR signaling in
platelets.

Strikingly, our results indicate that exogenous addition
of LTB4 could fully rescue the defective aggregate forma-
tion of Cotl1-deficient platelets on collagen under flow in
vitro (Figure 4). While this finding indicates that the exoge-
nous addition of LT can compensate for the GPIb function
defect in Cotl1-deficient platelets, we cannot exclude that

GPIb signaling itself is involved in LT biosynthesis.
Notably, exogenous addition of LTB4 did not restore
aggregate formation of RhoA- or Grb2-deficient platelets,
which per se display significant activation/ secretion
defects. These results show  that LTB4 secretion is required
to fine-tune platelet function under flow rather than being
a strong positive regulator of thrombus formation.
However, LTB4 addition could moderately increase aggre-
gate formation of Grb2-deficient platelets, which display
defective GPVI/ITAM signaling. This further suggests that
LTB4 is particularly relevant for platelet aggregate forma-
tion induced through the GPIb/GPVI/ITAM axis. It will be
important to dissect the detailed signaling mechanisms
leading to LT generation, as well as the precise role of LT
and their signaling pathways for platelet thrombus forma-
tion in vivo in future studies.

Taken together, our study reveals that Cotl1 modulates
biomechanical properties of platelets and acts as a signal-
ing integrator in thrombotic processes. Given that both
GPIb and LT represent potential therapeutic targets for a
number of thrombo-inflammatory and autoimmune dis-
eases, our findings may contribute to a better understand-
ing of the molecular pathways orchestrating these
processes.
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