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Background—Vascular injury and atherothrombosis involve vessel infiltration by inflammatory leukocytes, migration of
medial vascular smooth muscle cells to the intimal layer, and ultimately acute thrombosis. A strategy to simultaneously
target these pathological processes has yet to be identified. The secreted protein, Slit2, and its transmembrane receptor,
Robo-1, repel neuronal migration in the developing central nervous system. More recently, it has been appreciated that
Slit2 impairs chemotaxis of leukocytes and vascular smooth muscle cells toward diverse inflammatory attractants. The
effects of Slit2 on platelet function and thrombus formation have never been explored.

Methods and Results—We detected Robo-1 expression in human and murine platelets and megakaryocytes and
confirmed its presence via immunofluorescence microscopy and flow cytometry. In both static and shear
microfluidic assays, Slit2 impaired platelet adhesion and spreading on diverse extracellular matrix substrates by
suppressing activation of Akt. Slit2 also prevented platelet activation on exposure to ADP. In in vivo studies, Slit2
prolonged bleeding times in murine tail bleeding assays. Using intravital microscopy, we found that after
mesenteric arteriolar and carotid artery injury, Slit2 delayed vessel occlusion time and prevented the stable
formation of occlusive arteriolar thrombi.

Conclusions—These data demonstrate that Slit2 is a powerful negative regulator of platelet function and thrombus
formation. The ability to simultaneously block multiple events in vascular injury may allow Slit2 to effectively prevent
and treat thrombotic disorders such as myocardial infarction and stroke. (Circulation. 2012;126:1385-1395.)
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Cardiovascular disease leading to heart attack and stroke
remains the leading cause of mortality and morbidity in

the Western world.1,2 Atherosclerosis is a progressive disease
characterized by accumulation of inflammatory cells and
vascular smooth muscle cells (VSMCs) within the intima of
injured blood vessels. The atherosclerotic plaque is made up
of immune cells, including monocytes, macrophages, neutro-
phils, T lymphocytes, and VSMCs, that migrate from the
media to the intima where they proliferate and secrete
extracellular matrix proteins. Platelets have also been impli-
cated in the initiation of atherosclerotic lesion formation.3,4

These events result in progressive narrowing of the vessel,
allowing platelet aggregation and activation to ultimately

form vascular occlusive thrombi, precipitating acute coronary
syndromes and ischemic stroke.5
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Strategies that block recruitment to the intima of im-
mune cells and VSMCs are partially protective against
vascular injury in both animal models and human patients.
Inhibiting monocyte and VSMC recruitment to selected
chemoattractants partially prevents atherosclerosis and its
clinical manifestations, and simultaneous blockade of 2
chemotactic pathways confers additional, but not com-
plete, benefit.2,6 Medical therapies that inhibit platelet
activation and aggregation are a mainstay of treatment for
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patients at risk for cardiovascular events, making antiplate-
let agents the most widely prescribed drugs worldwide.1

However, these agents also provide only partial protection
against cardiovascular events.

Given the variety of infiltrating cell types and molecular
migration cues involved in atherogenesis, it is unlikely that
targeting a single chemoattractant pathway will achieve
widespread clinical success. Rather, generalized blockade of
harmful cell migration cues, combined with platelet inhibition
within the vasculature, would be more beneficial.

The Slit family of secreted proteins, together with their
transmembrane receptor, Roundabout (Robo), act as repel-
lents for migrating neurons and axons during the develop-
ment of the central nervous system.7–9 It has recently been
appreciated that Slit and Robo are also expressed in mature
organisms, and an isoform of Robo, Robo-1, has been
detected on the surface of several cell types involved in
vascular injury and atherogenesis, including VSMCs, neutro-
phils, and mononuclear leukocytes.10–14 Work from our group
and others has shown that Slit2 interacts with Robo-1 to
prevent directional migration of these cells in response to
diverse inflammatory chemoattractant cues both in vitro and
in vivo.10–15 The possible role of Slit2 in modulating platelet
recruitment and activation has heretofore not been explored.
We report here that Robo-1 is expressed in megakaryocytes
and platelets and is present on the platelet cell surface in
humans and mice. We further demonstrate that Slit2 is a
potent inhibitor of platelet adhesion, spreading, and activation
in response to diverse stimuli in vitro and impairs platelet
function and thrombus stability in vivo. These results suggest
that Slit2, a naturally occurring protein, has the potential to
serve as a therapeutic agent for simultaneously inhibiting the
development of atherosclerotic vascular lesions and the acute
platelet thrombus that collectively contribute to heart attack
and stroke.

Methods
Detailed methods are available in the online-only Data Supplement.

Isolation of Human and Murine Platelets
Human washed platelets were isolated from whole blood collected
from healthy volunteers into acid citrate dextrose (1 vol). Murine
platelets were isolated from blood collected by cardiac puncture in
hirudin.

Statistical Analysis
ANOVA was performed to compare group means in multiple compar-
isons. In other cases, the Student 2-tailed t test was used for comparison
of means, or the Fisher exact test was used for comparison of
proportions. Values of P�0.05 were considered significant.

Results
Platelets Express Robo-1 on Their Surface
Immunoblot analysis of cell lysates detected expression of
the Slit2 receptor, Robo-1, in human platelets and their
precursor megakaryocytes (Figure 1A). Laser immuno-
fluorescence confocal microscopy showed that in human
and murine platelets, Robo-1 receptors localized to the cell
surface (Figure 1B and 1C). Using flow cytometry, we
observed that 96% of human platelets expressed Robo-1
(Figure 1D and 1E).

Because the repulsive effects of Slit2 are thought to be
mediated by the leucine-rich regions present at the
N-terminus, we next examined the binding of a truncated
N-terminal preparation of Slit2 (Slit2-N) comprising these
leucine-rich regions to the platelet surface.10,16 Using flow
cytometry, we directly demonstrated binding of Slit2-N to
Robo-1 on the surface of platelets (Figure IA, IB, and IH in
the online-only Data Supplement). To verify that the ob-
served binding of Slit2 was specific, we generated a soluble
N-terminal fragment of Robo-1 (RoboN) that binds Slit2,
competitively preventing binding of Slit2 to Robo-1 on the
cell surface, thereby preventing initiation of downstream
signaling events.17 Using flow cytometry, we demonstrated
that RoboN inhibited binding of Slit2-N to the surface of
platelets in a dose-dependent manner (Figure IB–IF and IH in
the online-only Data Supplement). To further verify that the
observed effects of Slit2 were not due to nonspecific protein
binding, we generated mutant Slit2 protein that lacks the
second leucine-rich region that is necessary for binding to
Robo-1 (Slit�D2).16,18 Flow cytometry analysis demonstrated
that this mutant Slit2 protein, Slit�D2, did not significantly
bind to the surface of platelets (Figure IG and IH in the
online-only Data Supplement). Furthermore, activation of
platelets with the agonist ADP did not significantly alter the
binding of Slit2 to the surface of platelets (Figure II and IJ in
the online-only Data Supplement). Together, these data dem-
onstrate that human and mouse platelets express Robo-1 and
that Slit2 directly binds Robo-1 receptors on the platelet
surface.

Slit2 Inhibits Spreading of Human Platelets
The potential effects of Slit2/Robo-1 interactions on platelet
function were first examined by assessing the effects of Slit2
on adhesion and spreading of human platelets on a
fibrinogen-coated surface. Untreated cells progressively
spread on fibrinogen-coated coverslips during a 30-minute
observation period (Figure 2A and 2B). In the presence of
Slit2, platelet spreading was markedly decreased, with cells
exhibiting short, warped filopodia and decreased formation of
lamellar sheets (Figure 2A). After 30 minutes, the mean
platelet surface area was 20.9�2.5 �m2 in the presence of
Slit2, significantly less than the 33.4�0.6-�m2 mean surface
area observed for untreated cells (P�0.05; Figure 2B). In
real-time visualization, when Slit2 was not present, platelets
demonstrated smooth, fluid formation of filopodia and lamel-
lipodia (Video I in the online-only Data Supplement). In
sharp contrast, Slit2-treated platelets exhibited rounding of
the cell body and development of dynamic and motile
filopodial structures but limited formation of lamellar sheets
between the filopodia (Video II in the online-only Data
Supplement).

To determine whether Slit2 selectively inhibits fibrinogen-
induced platelet spreading, the effects of Slit2 on platelet
spreading on fibronectin and collagen were examined as
described above. After 30 minutes, the mean surface area of
platelets on fibronectin-coated coverslips was 19.3�2.6 �m2

in the presence of Slit2, significantly less than untreated cells
(31.7�1.8 �m2; P�0.05; Figure 2C and 2D). On collagen-
coated coverslips, the mean surface area was 13.5�0.7 �m2
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in the presence of Slit2, significantly less than that of
untreated cells (20.8�1.9 �m2; P�0.05; Figure 2E and 2F).
We next tested whether Slit2-N similarly inhibited platelet
spreading.10,16 After 30 minutes, the mean platelet surface
area on fibrinogen-coated surfaces was 23.3�0.7 �m2 in the
presence of Slit2-N, significantly less than the 36.1�0.6-�m2

mean surface area observed for untreated cells (P�0.01;
Figure IIA and IIB in the online-only Data Supplement). To
verify that the observed effects of Slit2 were not due to
nonspecific protein binding, we also tested platelet spreading
with Slit�D2. In the presence of Slit�D2, platelet spreading
on fibrinogen was unimpaired (Figure IIA and IIB in the
online-only Data Supplement). The mean surface area for
platelets treated with Slit�D2 was 34.9�0.5 �m2, similar to
that of control platelets but significantly higher than that of
platelets treated with Slit2-N (23.3�0.7 �m2; P�0.01; Fig-
ure IIA and IIB in the online-only Data Supplement). To
further verify that the observed effects of Slit2 on platelet
spreading were specific, we used the selective Slit2 antago-
nist RoboN, a soluble N-terminal fragment of Robo-1. The
effects of Slit2 were reversed by RoboN (Figure IIA and
IIB in the online-only Data Supplement). The mean surface
area for platelets treated with RoboN and Slit2-N was
34.1�2.7 �m2, similar to that of control platelets but
significantly higher than that of platelets treated with

Slit2-N alone (23.3�0.7 �m2; P�0.01; Figure IIA and IIB
in the online-only Data Supplement). To determine how
Slit2 affects the number of platelets adhering to fibronec-
tin, we performed platelet adhesion assays in 96-well
plates. In the presence of Slit2-N, platelet adhesion was
reduced by 28% (control, 7.0�104�0.04�104 cells per
well versus Slit2-N, 5.1�104�0.02�104 cells per well;
P�0.01; Figure IIC in the online-only Data Supplement).
Collectively, these results demonstrate that Slit2 specifi-
cally inhibits platelet adhesion and spreading on diverse
substrates.

Slit2 Inhibits Platelet Adhesion Under Shear
Flow Conditions
Collagen is the first potentially activating substrate that
platelets typically encounter within an injured blood vessel,
and their response is sensitive to shear flow conditions. We
used Bioflux microfluidic channels coated with collagen to
mimic the hydrodynamic flow conditions that would be
encountered by platelets within the arterial circulation.19 For
untreated cells, the average surface area covered by platelets
after 4 minutes was 8.3�1.3% at a shear flow rate of 1000
seconds�1 (Figure 3A and 3B). For cells treated with Slit2,
this area markedly decreased to 1.3�0.5% (P�0.01; Figure
3A and 3B). At a shear flow rate of 1900 seconds�1,
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Figure 1. Human and murine platelets express Robo-1 on the cell surface. A, Cell lysates from normal human platelets and mega-
karyocytes were subjected to immunoblotting and probed with anti–Robo-1 primary antibody and horseradish peroxidase–conjugated
anti-rabbit IgG. B, Washed human platelets were fixed, permeabilized, and labeled with anti–Robo-1 antibody followed by Alexa Fluor
488–conjugated anti-rabbit IgG. Image was acquired with a Leica DMIRE2 spinning-disk confocal microscope at �100. Scale
bar�4 �m. C, Platelets were isolated from mouse peripheral blood, fixed, permeabilized, and incubated with anti–Robo-1 antibody fol-
lowed by Alexa Fluor 568–conjugated anti-rabbit IgG. Image was acquired with a Leica DMIRE2 spinning-disk confocal microscope
at �63. Scale bar�4 �m. D and E, To quantify labeling of Robo-1, human platelets were fixed and labeled with anti–Robo-1 antibody
and DyLight 649–conjugated anti-rabbit IgG (E) or with secondary antibody alone (D). Platelets were concurrently labeled with
phycoerythrin-conjugated anti-CD41 antibody. Numbers indicate percentage of cells with positive labeling. Representative images from
1 of 3 similar independent experiments.
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comparable to hydrodynamic conditions encountered within
large arteries, the average platelet surface area coverage
decreased 4-fold from 12.0�2.4% to 3.1�0.9% on exposure
to Slit2 (P�0.05; Figure 3A and 3C and Videos III and IV in
the online-only Data Supplement). In the presence of Slit2-N,
we observed a decrease in platelet adhesion comparable to
that seen with full-length Slit2 protein (control, 8.7�1.4%
versus Slit2-N, 2.5�0.5%; Figure IIIA and IIIB in the
online-only Data Supplement; P�0.05). To verify the spec-
ificity of Slit2-induced responses, we incubated platelets with
Slit�D2, which lacks the Robo-1–binding domain. Platelet
adhesion was no different in the presence of Slit�D2 than
control platelets but was significantly higher than adhesion of
platelets treated with Slit2-N (control, 8.7�1.4%; Slit2-N,
2.5�0.5%; Slit�D2, 9.2�1.9%; Slit�D2 versus Slit2-N,
P�0.05; Figure IIIA and IIIB in the online-only Data
Supplement). Taken together, these data demonstrate that

Slit2 specifically inhibits platelet adhesion under shear flow
conditions.

Slit2 Does Not Affect Rac1 and Cdc42 Activation
During Platelet Spreading
Slit2 has been shown to prevent chemotactic migration of
various cell types by preventing activation of the Rho-family
GTPases, Cdc42, and Rac.10,12,13,15 To determine whether
Slit2 inhibits platelet adhesion and spreading in a similar
manner, we used glutathione-S-transferase beads conjugated
to the p21-binding domain of PAK1 to detect the activated
GTP-bound species of Cdc42 and Rac.13 Because the pre-
dominant isoform of Rac in human platelets is Rac1, we
specifically studied the effects of Slit2 on Rac1 activation.20

Unstimulated platelets exhibited low basal levels of activated
Rac1 and Cdc42 (Figure 4A and 4B), and as expected,
platelet spreading on fibrinogen increased the levels of
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Figure 2. Slit2 inhibits human platelet spreading on diverse substrates. Isolated human platelets (107 per 1 mL) were preincubated with
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activated Rac1 5-fold and Cdc42 4-fold (Rac1: fibrinogen,
0.85�0.25 arbitrary units [AU] versus basal, 0.18�0.04 AU,
P�0.05; Cdc42: fibrinogen, 1.46�0.35 AU versus basal,
0.37�0.08 AU, P�0.05; Figure 4A and 4B). Slit2 did not
affect basal levels of activated Rac1 and Cdc42 (Rac1:
control, 0.18�0.05 AU versus Slit2, 0.20�0.04 AU; Cdc42:
control, 0.37�0.08 AU versus Slit2, 0.56�0.08 AU; Figure
4A and 4B). Slit2 did not prevent activation of Rac1 or Cdc42
during fibrinogen-induced platelet spreading (Rac1: control,
0.85�0.25 AU versus Slit2, 0.72�0.14 AU; Cdc42: control,
1.46�0.35 AU versus Slit2, 1.10�0.20 AU; Figure 4A and
4B). These data suggest that Slit2 does not inhibit platelet
spreading by preventing activation of Rac1 or Cdc42, nor did
it prevent activation of these Rho-family GTPases during
platelet spreading

Slit2 Suppresses Activation of Akt, But Not
Extracellular Signal-Regulated Kinase or p38
Mitogen-Activated Protein Kinase, During
Platelet Spreading
Adhesion of platelets also involves activation of several
major kinase pathways, namely p38 mitogen-activated
protein kinase (MAPK), extracellular signal-regulated ki-
nase (ERK), and Akt.21–25 As expected, platelet spreading
on fibrinogen resulted in a significant increase in phos-
phorylation of p38 MAPK, ERK, and Akt (p38 MAPK:
fibrinogen, 1.68�0.39 AU versus basal, 0.52�0.12 AU,
P�0.05; ERK: fibrinogen, 0.76�0.16 AU versus basal,
0.18�0.02 AU, P�0.01; Akt: fibrinogen, 1.06�0.32 AU
versus basal, 0.13�0.03 AU, P�0.01; Figure 4C and 4E).
Slit2 treatment had no effect on the basal level of kinase
activation (p38 MAPK: control, 0.52�0.12 AU versus
Slit2, 0.48�0.12 AU; ERK: control, 0.18�0.02 AU
versus Slit2, 0.29�0.11 AU; Akt: control, 0.13�0.03 AU
versus Slit2, 0.14�0.04 AU; Figure 4C and 4E). Slit2 had no
effect on phosphorylation of p38 MAPK or ERK (p38 MAPK:
control, 1.68�0.39 AU versus Slit2, 1.25�0.34 AU; ERK:

control, 0.76�0.16 AU versus, Slit2 0.56�0.12 AU; Figure 4C
and 4D). In contrast, Slit2 significantly inhibited activation of
Akt (control, 1.06�0.32 AU versus Slit2, 0.34�0.07 AU;
P�0.05; Figure 4E).

Because activation of Akt is a key event in platelet
secretion of �-granules, we next tested the effects of Slit2 on
this process.21,25,26 We found that during platelet activation
with ADP, Slit2 inhibited translocation of CD62P to the
platelet surface (P�0.05; Figure IV in the online-only Data
Supplement). Collectively, these data suggest that Slit2 in-
hibits platelet spreading by suppressing activation of Akt and
furthermore that Slit2 prevents platelet activation and release
of �-granule contents.

Slit2 Prolongs Bleeding Time In Vivo
We have observed that Slit2 inhibits platelet adhesion,
spreading, and activation in vitro. To determine the possible
effects of Slit2 on platelet function in vivo, we used the
well-described murine tail bleeding model. After intravenous
administration of vehicle to CD1 mice, bleeding time was
24.3�2.7 seconds (Figure 5A). After administration of Slit2
at doses of 1 and 1.8 �g per mouse, the bleeding time was
significantly prolonged to 61.5�9.5 and 69.8�8.9 seconds,
respectively (1 �g Slit2, P�0.05 versus vehicle; 1.8 �g Slit2,
P�0.01 versus vehicle). To verify these observations, the
hemoglobin content of the saline into which the amputated
tails were immersed was quantified by measuring absorbance
at 575 nm. After administration of vehicle, the absorbance
was 0.12�0.01 (Figure 5B) and rose to 0.20�0.01 (P�0.01
versus vehicle; Figure 5B) for 1.0 �g Slit2 and to 0.22�0.02
(P�0.01 versus vehicle; Figure 5B) for 1.8 �g Slit2. Admin-
istration of Slit2-N prolonged bleeding time in a dose-
dependent manner, with bleeding time prolonged by 10-fold
at the highest dose of Slit2-N administered (vehicle,
27.6�6.5 seconds versus Slit2, 1.8 �g 274.5�76.9 seconds;
P�0.01; Figure 5C). When administered to mice of a
different strain, namely C57BL/6, Slit2-N also prolonged
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Figure 3. Slit2 inhibits platelet adhesion to collagen under shear flow conditions. A, Washed human platelets were incubated with
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lets were perfused over collagen-coated Bioflux microfluidic channels at a shear rate of 1000 or 1900 seconds�1 for 4 minutes. Chan-
nels were washed with HEPES-Tyrode buffer for 4 minutes at the same shear rate, and images were acquired by differential interface
contrast (DIC) and fluorescence microscopy at �10 on a Leica DMIRE2 deconvolution microscope. The width of the channel indicated
by the dashed arrows is 350 �m. Images are representative of 3 to 5 independent experiments. B, Platelet adhesion at shear rates of
1000 seconds�1 was quantified with Bioflux 200 analysis software. C, Platelet adhesion at shear rates of 1900 seconds�1 was quanti-
fied as in B. Data are expressed as mean�SEM from 3 to 5 independent experiments. *P�0.05; **P�0.01.
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bleeding times (vehicle, 24.0�4.5 seconds versus Slit2-N,
51.1�6.3 seconds; P�0.05; Figure VA in the online-only
Data Supplement) and increased hemoglobin loss (vehicle,
0.07�0.01 versus Slit2-N, 0.17�0.03; P�0.05; Figure VB in
the online-only Data Supplement). The specificity of Slit2-
induced responses was verified by administering either Slit2-N
together with a specific antagonist, RoboN, or Slit�D2,
which lacks the Robo-1–binding domain. The observed
bleeding time in mice given Slit2-N together with RoboN or
Slit�D2 did not differ from that of vehicle-treated mice
(vehicle, 24�4.5 seconds; Slit2-N�RoboN, 24.9�5.4 sec-
onds; Slit�D2, 18.7�2.7 seconds; Figure VA in the online-
only Data Supplement). In contrast, administration of either
Slit2-N with RoboN or Slit�D2 resulted in a significantly
shorter bleeding time than after administration of Slit2-N
alone (P�0.05; Figure VA in the online-only Data Supple-
ment). The corresponding hemoglobin loss was significantly
greater in mice treated with Slit2-N compared with mice
treated with Slit2-N and RoboN or with Slit�D2 (Slit2-N,
0.17�0.03; Slit2-N�RoboN, 0.10�0.03; Slit�D2, 0.08�0.01;
P�0.05 versus Slit2-N; Figure VB in the online-only Data

Supplement). Together, these results indicate that Slit2 potently
and specifically inhibits platelet-mediated hemostasis in vivo.

Slit2 Inhibits In Vivo Formation of Stable,
Occlusive Thrombi After Vascular Injury
To test the effects of Slit2 in a more clinically relevant
context, namely in acute thrombosis, we used well-
established murine models of mesenteric arteriole thrombosis
and carotid artery thrombosis.27,28

After administration of vehicle, we performed intravital
microscopy of mesenteric arterioles in mice and saw that
single platelets deposited on the injured site of the vessel
wall, forming multiple visible platelet aggregates and visible
thrombi after several minutes of injury (Figure 6A). In
Slit2-N–treated mice, a trend toward prolongation of vessel
occlusion time was observed compared with vehicle-treated
mice (vehicle, 19.5�1.5 minutes versus Slit2, 28.1�3.6
minutes; P�0.051; Figure 6A and 6B). In all vehicle-treated
mice, the thrombi initially formed grew continuously to
completely occlude the injured vessel (Figure 6A and 6B and
Video V in the online-only Data Supplement). No significant
thrombus dissociation, resulting in release of platelet emboli,
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was observed during growth of the thrombi (Figure 6C). In
contrast, after administration of Slit2-N, 5 of 7 mice formed
thrombi that occluded the vessel and quickly dissociated,
resulting in release of downstream emboli (vehicle, 5�1
versus Slit2, 26�5; P�0.005; Figure 6C and Video V in the
online-only Data Supplement) and partial reopening of oc-
cluded arterioles (Figure 6A and 6D and Video V in the
online-only Data Supplement). In the remaining 2 Slit2-N–
treated mice, thrombus formation was observed but complete
vessel occlusion never occurred. At the end of the observation
period (40 minutes), vessels remained partially open in none
of the vehicle-treated mice but in all of the Slit2-N–treated
mice (P�0.05; Figure 6D).

We next tested the effects of Slit2 in a model that more
closely mimics acute stroke in humans, namely carotid artery
thrombosis. Once again, Slit2-treated mice exhibited a sig-
nificant delay in vessel occlusion times compared with the
group treated with Slit�D2 (Slit2-N, 14.0�1.3 minutes ver-
sus Slit�D2, 10.6�0.6 minutes; P�0.05; Figure 6E). Collec-
tively, these data demonstrate that Slit2 specifically prevents
the formation of stable, occlusive arteriolar thrombi.

Discussion
The soluble protein Slit2, interacting with its transmembrane
receptor Robo-1, was first described in Drosophila as a
neuronal and axonal repellent during development of the
central nervous system.7–9 Since then, Slit2 has been shown to
inhibit chemotaxis of leukocytes and VSMCs toward a
number of attractant cues associated with critical events in the
progression of vascular lesions.10,12–15 However, the effect of
Slit2 on platelet functions has previously been unexplored. In
this study, we demonstrate the unexpected ability of Slit2/
Robo-1 interactions to inhibit several aspects of platelet
adhesion, activation, and thrombus formation in vitro and in
vivo. The antithrombotic properties of Slit2 point to its use as
a potent agent capable of simultaneously preventing the
vascular inflammation, neointimal proliferation, and throm-
bus formation that collectively result in occlusion of diseased
vessels.

Although neuronal guidance cues belonging to the sema-
phorin and ephrin families have been implicated in leukocyte
migration and platelet function, their precise role is unclear.
Indeed, ephrins and semaphorins have been reported to both
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enhance and inhibit inflammation and platelet function.29–31

Work from our group and others demonstrates that Slit2
inhibits inflammatory cell and VSMC recruitment both in
vitro and in vivo.10,12–15 Although Slit2 inhibits chemotactic
migration of leukocytes and VSMCs, the underlying mecha-
nisms are not well understood. We recently showed that Slit2
inhibits polarization of migrating cells by preventing
activation-induced generation of actin filament free barbed
ends, necessary for rapid actin polymerization at the leading
edge of the cell.13,32 These data are in keeping with observa-
tions from neuronal cells connecting Robo-1 to cytoskeletal

proteins, including Slit-Robo GTPase-activating protein-1
and Ena.33,34

Platelet adhesion and spreading also involve cytoskeletal
stabilization and destabilization. Accordingly, we found that
Slit2 inhibited platelet spreading on diverse substrates, including
fibrinogen, fibronectin, and collagen. Because Slit2 is a large
glycoprotein, we considered the possibility that it may directly
bind to glycoprotein 1b�, the receptor for von Willebrand factor,
on the surface of platelets, thereby blocking steric interactions
between glycoprotein 1b� and von Willebrand factor.35 To
examine this possibility, we tested the effects of Slit2 on platelet

0

10

20

30

40

0

10

20

30

40

50

N
um

be
r o

f p
la

te
le

t 
  e

m
bo

li 
re

le
as

ed

A

B C

D

P
ro

po
rti

on
 o

f m
ic

e 
w

ith
co

m
pl

et
e 

ve
ss

el
 o

cc
lu

si
on

 

S
lit

2-
N

Slit2-N Slit2-NVehicle Vehicle

Ve
hi

cl
e

5 min 8 min 12 min 17 min

Slit2-NVehicle

Ti
m

e 
to

 v
es

se
l o

cc
lu

si
on

  
   

   
   

   
   

  (
m

in
)

* * p=0.051

0

5

10

15

20

Ti
m

e 
to

 v
es

se
l o

cc
lu

si
on

  
(m

in
)

E

Slit2-N Slit∆D2

* 
* 

150

100

  50

    0

Figure 6. Slit2 inhibits in vivo formation of stable, occlusive thrombi after vascular injury. A through D, N-terminal Slit2 (Slit2-N; 1.8 �g),
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adhesion to von Willebrand factor. Slit2 did not inhibit platelet
adhesion to von Willebrand factor, suggesting that the observed
effects of Slit2 on platelet adhesion to collagen did not occur by
direct binding of Slit2 to the glycoprotein 1b� receptor (Figure
VI in the online-only Data Supplement).

Platelet adhesion and spreading depend on rapid phospho-
lipid metabolism and activation of major kinase pathways,
especially Akt, ERK, and p38 MAPK. We found that Slit2
did not inhibit activation of ERK or p38 MAPK during
platelet spreading. Our results are supported by observations
of human neutrophils, human granulocytic cells, and Jurkat T
lymphocytes, in which Slit2 did not affect chemoattractant-
induced activation of ERK or p38 MAPK.13,14 In yet another
study, Slit2 suppressed ERK activation in chemokine-
stimulated breast cancer cells.11

Akt is a well-recognized downstream effector of phos-
phatidylinositol 3-kinase and has been shown to phosphor-
ylate and activate glycoprotein IIb/IIIa, thereby regulating
actin assembly and promoting platelet shape change and
stable aggregation.21,25,26,36,37 Accordingly, we found that
Slit2 inhibited Akt activation during platelet adhesion and
spreading. These results are in concordance with those of
others, demonstrating that Slit2 suppresses activation of Akt
in Jurkat T lymphocytes after chemokine stimulation.12 Inter-
estingly, Akt-deficient platelets have a defect in secretion that
results in reduced fibrinogen binding and consequently im-
paired aggregation.25 The differential effects of Slit2 on
inducible kinase activity can be attributed to the different cell
types used. Previous reports have involved stimulating cells
with chemoattractants in solution, whereas our study focused
on deciphering how Slit2 modulates signaling pathways
during platelet adhesion and spreading on immobilized li-
gands. Our studies indicate that Slit2 may suppress platelet
spreading in part by downregulating Akt activation by limit-
ing integrin function.

Our studies further demonstrated that during platelet adhe-
sion and spreading, activation of the small Rho-family
GTPase, Cdc42, was not affected by Slit2. These data differ
from studies in human neutrophils and brain tumor cells in
which Slit2 inhibited cell migration by preventing activation
of Cdc42.13,17,34,38 In another report involving VSMCs, Slit2
inhibited cell chemotaxis but did not prevent Cdc42 activa-
tion.10,12 We found that the formation of dynamic, motile
platelet filopodia was unaffected by Slit2. These results are
entirely in keeping with observations in platelets derived
from Cdc42-deficient mice. In platelets lacking Cdc42,
spreading on fibrinogen and filopodial formation are com-
pletely intact.39

Using time-lapse videomicroscopy, we observed that Slit2
inhibited formation of lamellipodia during platelet adhesion
and spreading. These effects are reminiscent of Rac1 defi-
ciency. Indeed, platelets from Rac1-deficient mice display
impaired lamellipodia formation and spreading on collagen
but retain the ability to form filopodia.20 Surprisingly, we did
not find that Slit2 inhibited activation of Rac1 during platelet
spreading. Emerging evidence points to Rac1 acting upstream
of phosphatidylinositol 3-kinase and hence Akt during plate-
let activation.40–42 Thus, it is possible that Rac1 activation
occurred acutely and transiently in early stages of platelet

adhesion and spreading. Additionally, secondary platelet
agonist receptors such as those of P2Y12 and thromboxane A2

are known to activate phospholipase C and downstream
signaling pathways that activate Rac1.43 Thus, the positive
feedback loop and ambiguity in multiple signaling pathways
generated by secondary platelet mediators may have masked
the effects of Slit2 (Figure VII in the online-only Data
Supplement).

We found that during ADP-mediated activation, Slit2
inhibited CD62P translocation to the surface of human
platelets. These results are in keeping with work from other
groups identifying a central role for Akt in platelet granular
secretion.21,25,26 Our findings are also in agreement with a
recent study showing that Cdc42 is not required for �-granule
secretion.39

An intriguing question is how soluble levels of Slit2 vary
in health and disease, particularly in the setting of cardiovas-
cular disease. At a whole-organ level, Slit2 production has
been demonstrated in brain, kidney, lung, and heart.14 Cell
types that have been shown to produce Slit2 include arterial
endothelial cells, VSMCs, and fibroblasts.10,14 Perusal of the
Plasma Proteome Database (http://www.plasmaproteomedata
base.org/index.html) indicates that both Slit2 and Robo-1
have been detected in human plasma. However, the regula-
tion of the physiological secretion of Slit2 has yet to be
explored. Future studies examining the levels of Slit2 and
Robo-1 in healthy subjects and in patients with cardiovascu-
lar disease will help to elucidate the mechanisms by which
these proteins influence atherogenesis.

Of greatest significance, using well-established mouse
models of tail bleeding, mesenteric arteriole thrombosis, and
carotid artery thrombosis, we found that Slit2 impairs platelet
function in vivo. Specifically, we found that administration of
exogenous Slit2 impairs hemostasis and prevents formation
of occlusive, stable thrombi in blood vessels subjected to
acute injury. These findings point to the use of Slit2 as a
potent new antiplatelet therapy to prevent the formation of
thrombi that ultimately occlude vessels and cause myocardial
or cerebral ischemia and infarction.1,2 Our findings are even
more compelling when one considers the distinct roles played
by leukocytes, VSMCs, and platelets in initiating and exac-
erbating vascular injury and atherosclerosis.1,2 Given the
variety of cells, responses, and molecular cues involved in
acute vascular injury and atherothrombosis, it is unlikely that
targeting a single pathological pathway such as leukocyte
infiltration or platelet activation will provide comprehensive
clinical benefit. Until now, a single therapy that simulta-
neously blocks the different pathological processes that cause
vascular injury has proven elusive. We report here that Slit2
inhibits platelet adhesion, spreading, and activation, and
previous reports have demonstrated that the same protein
inhibits leukocyte recruitment and chemotactic VSMC mi-
gration.10,12–15 These observations make Slit2 an exciting
therapeutic candidate for the prevention and treatment of
atherothrombosis and acute vascular injury.
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CLINICAL PERSPECTIVE
Complications of vascular injury and atherosclerosis are the leading cause of mortality and morbidity in the Western world.
In atherosclerosis, infiltrating leukocytes and vascular smooth muscle cells cause progressive vascular narrowing.
Platelet-mediated thrombosis ultimately causes complete vessel occlusion, resulting in heart attack or stroke. In animal
models and human patients, individually blocking these events, eg, with antiplatelet therapy, is only partially effective.
Another therapeutic strategy is to target these multiple cell types globally. Slit proteins act as developmental neuronal
repellents, and Slit2, via an interaction with its receptor, Robo-1, impairs inflammatory recruitment of leukocytes and
vascular smooth muscle cells. However, thus far, the role of Slit2 in modulating platelet functions has not been explored.
We report here the novel finding that human and mouse platelets express Robo-1 on their surface, making platelets
potentially Slit2-responsive cells. Using static and shear assays, we demonstrate that Slit2 impaired platelet adhesion and
spreading on a variety of physiologically relevant extracellular matrix proteins. Mouse tail bleeding assays and intravital
microscopy further demonstrated that Slit2 is a powerful negative regulator of platelet function in vivo, prolonging bleeding
time and preventing thrombus formation in mice during arterial injury. Slit2 mediated these effects, in part, by suppressing
activation of Akt but not Rac1, Cdc42, extracellular signal-regulated kinase, or p38 mitogen-activated protein kinase. These
results, combined with the established ability of Slit2 to block chemotaxis of leukocytes and vascular smooth muscle cells,
indicate that Slit2, a naturally occurring protein, has the potential to be broadly effective in preventing and treating
atherothrombosis and vascular injury.
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SUPPLEMENTAL MATERIAL 

SUPPLEMENTAL METHODS 

Reagents and antibodies 

Horm collagen (Equine Type 1) was from Nycomed (Melville, NY), hirudin 

from Bayer Inc. (Toronto, ON), recombinant mouse truncated Slit2 (Slit2-N) from 

R&D Sytems (Minneapolis, MN), recombinant human truncated Slit2 (Slit2-N) 

from PeproTech (Rocky Hill, NJ), human von Willebrand factor (VWF) from 

Haematologic Technologies Inc. (Vermont, USA), calcein acetoxymethyl ester 

from Molecular Probes (Burlington, Canada), and all other chemicals from 

Sigma-Aldrich (St.Louis, MO).  The following antibodies were used: anti-Robo-1 

(Abcam, Cambridge, MA and Rockland Immunochemicals, Inc, Gilbertsville, PA), 

AlexaFluor 647-conjugated anti-His6 (AbD Serotec, Raleigh, NC), PE-conjugated 

anti-CD62P (BD Biosciences, Mississauga, ON, Canada), FITC-conjugated anti-

CD41 (BD BioSciences), and PE-conjugated anti-CD41 (BD BioSciences).  Anti-

Cdc42, anti-Rac1, anti-Erk, anti-phospho-Erk, anti-p38 MAPK, anti-phospho-p38 

MAPK, anti-Akt, and anti-phospho-Akt antibodies were from Cell Signaling 

(Danvers, MA).  AlexaFluor-conjugated antibodies were from Invitrogen 

(Burlington, Canada) and HRP-conjugated and DyLight-conjugated antibodies 

from Jackson Immunoresearch Laboratories (Bar Harbor, ME).  Large-scale 

expression and purification of full length human Slit2 was performed as described 

1. 

 

Generation of SlitΔD2 and RoboN expression plasmids  
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SlitΔD2 was cloned in pTT28 by deleting the second LRR domain of 

truncated Slit2 (Slit2-N) using restriction enzymes BsrGI and NheI.  After deleting 

210 amino acids (Q235-W444) of Slit2-N, a short synthesized linker 

corresponding to amino acids YTAGGSAGGSAGGSAGKL was inserted into 

BsrGI and NheI restriction sites.  

RoboN, the soluble N-terminal region comprising of the first two 

immunoglobulin domains of Robo-1, was cloned in pTT28 using NheI and BamHI 

restriction sites 2.  Large-scale expression and purification of Slit2ΔD2 and 

RoboN was performed as previously described for Slit2 1.  

 

Isolation of human and murine platelets 

Whole blood (6 vol) was collected from healthy donors into acid citrate 

dextrose (ACD; 1 vol) and centrifuged at 160g for 10 min to obtain platelet-rich 

plasma (PRP).  PRP was washed with PBS adjusted to pH 6.3 with ACD, and 

centrifuged at 800g for 10 min.  Platelets were resuspended in HEPES (10 mM) 

modified Tyrode’s buffer (136 mM NaCI, 2.7 mM KCl, 0.42 mM NaH2PO4, 19 mM 

NaHCO3, 0.35 Na2HPO4, 5.5 mM glucose, 1 mM CaCl2, 1 mM MgCl2 pH 7.2).  

Human megakryocytes were isolated as previously described 3.  

Murine blood collected by cardiac puncture in hirudin (20 µg/ml) was 

centrifuged at 100g for 10 min.  PRP was fixed using 4% paraformaldehyde, 

washed, and resuspended in HEPES-Tyrode’s buffer.   

 

Immunoblotting and immunofluorescence labeling 
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Immunofluorescent labeling of washed platelets, and immunoblotting of 

cell lysates harvested from human megakaryocytes and mature platelets were 

performed using anti-Robo-1 antibody 3, 4.  

In other experiments, platelets (2x108/ml) were incubated with Slit2 for 10 

min at 37°C, and dispensed onto fibrinogen-coated surfaces for 30 min.  Lysates 

were harvested from adherent platelets using lysis buffer (50mM Tris pH7.5, 10% 

glycerol, 1% NP-40, 100mM NaCl, 5mM MgCl2, 1mM PMSF, 1x protease 

inhibitor cocktail, 0.2mM NaVO3, 1mM DTT).  Proteins were separated by SDS-

PAGE and immunoblotting performed using anti-phospho-Akt, phospho-Erk, or 

phospho-p38 MAPK antibodies.  

 

Platelet adhesion and spreading assays 

Spreading assays were performed as previously described, with minor 

modifications 5.  Washed platelets (107/ml) were pre-incubated with Slit2, SlitΔD2 

or PBS for 10 min, and dispensed onto fibrinogen-, fibronectin, or collagen-

coated glass coverslips 1.  In other conditions, equimolar concentrations of 

RoboN and Slit2 were pre-incubated for 30 min prior to incubation with platelets. 

Non-adherent cells were removed by washing.  Adherent platelets were labeled 

with Alexa Fluor 488-conjugated phalloidin 5.  Cells were visualized using a 

spinning disc DMIRE2 confocal microscope (Leica Microsystems, Toronto, 

Canada).  Fifteen images from random fields were acquired using a 63x or 100x 

objective lens (1.4 numerical aperture) equipped with a Hamamatsu back-thinned 

EM-CCD camera and a 1.5x magnification lens (Spectral Applied Research).  
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Platelet surface area was calculated using VolocityTM software. 

To quantify the number of platelets adhering per unit surface area, 5 x 107 

platelets were labeled with calcein (1 µM) and dispensed into fibronectin-coated 

wells of 96-well plates.  Fluorescence of adherent platelets was read using a 

microplate reader, and the fluorescent reading per well was correlated to the 

platelet number using a standard curve. 

 

Microfluidic adhesion assays 

 Channels of the Bioflux microfluidic system (Fluxion Biosciences, CA) 

were coated with collagen or VWF (50 µg/ml).  Washed platelets (107/ ml) were 

labeled with calcein-AM, pre-incubated with Slit2 or PBS, and flowed through the 

channels at constant shear rates of 1000 s-1 or 1900 s-1 for 4 min.  Channels 

were washed at the same shear rates for 4 min, and images acquired on a Leica 

DMIRE2 deconvolution microscope (10x) or on a Nikon Eclipse Ti confocal 

microscope (15x).  The surface area covered by adherent platelets was 

quantified using the BiofluxTM 200 software. 

 

Rac1 and Cdc42 activation assays 

Following incubation with Slit2, washed platelets (1.2x109/ml) were 

allowed to spread on fibrinogen-coated wells for 30 min.  Activation of Rac1 and 

Cdc42 was tested using GST-PBD glutathione beads as previously described 1.  

Briefly, the p21-binding domain (PBD; aa 67–150) of PAK1 was cloned into the 

pGEX-4T3 vector, and expressed as a GST fusion protein in BL21 (DE3) 
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Escherichia coli cells.  The GST-PBD fusion protein was purified using 

glutathione sepharose 4B beads (GE Healthcare Bio-Sciences, Piscataway, NJ, 

USA).  Protein-bound beads were aliquoted and stored at -80°C till use.  

Following incubation with Slit2 (4.5 µg/ml) or PBS, 0.5 ml washed platelets 

(8x108/ml) were allowed to spread on fibrinogen-coated wells for 30 min.  Non-

adherent platelets were removed by washing twice with PBS and lysates 

obtained from adherent platelets using ice-cold lysis buffer (50mM Tris pH7.5, 

10% glycerol, 1% NP-40, 100mM NaCl, 5mM MgCl2, 1mM PMSF, 1x protease 

inhibitor cocktail, 0.2mM NaVO3, 1mM DTT).  Samples were centrifuged at 

13000g for 5 minutes, and supernatants were added to GST-PBD glutathione 

beads (20 µg GST PBD/sample) for 1 h and washed three times with cold wash 

buffer (50 mM Tris, pH 7.5, 40 mM NaCl, 0.5% NP-40.  Densitometry analysis 

was performed using ImageJ software. 

 

Flow cytometry 

To assess cell surface CD62P mobilization, a marker of platelet activation, 

human platelet-rich plasma was pre-incubated with Slit2 (4.5 µg/ml) for 10 min, 

then with ADP (10 µM) for 1 min 6. In some instances, platelets were incubated 

with Slit2 for 10 min prior to incubation with ADP.  The samples were then fixed 

with equal volume of 1% paraformaldehyde for 30 min, washed once with FACS 

buffer (PBS with 0.3% BSA, 10 mM NaN3), and incubated with anti-CD62P-PE 

and anti-CD41-FITC antibody for 30 min.  Flow cytometry was performed using a 

Becton-Dickinson LSR II  flow cytometer (Becton-Dickinson) and BD FACSDiva 
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software.  Subsequent analysis was performed using FlowJo software (Tree Star, 

Inc., Ashland, OR, USA).  

To quantify the levels of Robo-1 present in human platelets, 4 x 106 

washed platelets were fixed in 1% paraformaldehyde, permeabilized with 0.05% 

Triton X-100 for 5 min and incubated with anti-human Robo-1 antibody for 45 

min.  Platelets were then incubated with DyLight 649-conjugated anti-rabbit IgG 

and PE-conjugated anti-CD41 antibody for 30 min.  Analysis was performed 

using a Gallios flow cytometer (Beckman Coulter, Inc) with Kaluza™ software.  

To directly detect Slit2 binding to Robo-1 receptors, 107 washed platelets 

were incubated with 6xHis tagged-Slit2-N (12 µg/ml) for 15 min.   In other 

conditions, platelets were incubated with Slit2-N and RoboN at 1:1 or 1:2 molar 

ratios, with RoboN, or with SlitΔD2 for 15 min.  Samples were incubated with PE-

conjugated anti-CD41 antibody and Alexa Fluor-647 conjugated anti-His6 

antibody for 30 min and fixed in 1% paraformaldehyde.  In some instances, 

platelets were activated with 10 µM ADP in the presence or absence of Slit2-N 

for 10 min. Samples were incubated with PE-conjugated anti-CD62P antibody 

and Alexa Fluor 647-conjugated anti-His6 antibody for 30 min.  Analysis was 

performed using a Gallios flow cytometer with Kaluza™ software. 

 

Murine tail bleeding assays 

Animals were cared for in accordance with the Guide for the Humane Use 

and Care of Laboratory Animals.  All protocols were approved by The Hospital for 

Sick Children Research Institute Animal Care Committee.  Briefly, Slit2 (0-1.8 
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µg/mouse) was intravenously injected via tail vein in adult CD1 or C57BL/6  mice 

(Charles River Laboratories, Wilmington, MA).  Two h later, mice were 

anesthetized using 2.5-5% isoflourane, and placed on a heating pad.  Five mm of 

the distal tail was amputated, and the remaining tail immersed in pre-warmed 

0.9% NaCl 7.  The time required for spontaneous bleeding to cease was 

recorded.  The amount of bleeding was quantified by measuring the hemoglobin 

content in the pre-warmed saline 7.  

 

In vivo thrombosis experiments 

We used two models of vascular injury, namely ferric-chloride induced 

mesenteric arteriolar injury and ferric-chloride induced carotid artery injury as 

previously described 8-10. 

 For intravital microscopy of mesenteric arterioles, three to four week old 

male C57BL/6 mice (The Jackson Laboratory, Bar Harbor, Maine) were used and 

all experimental procedures were conducted as approved by the Animal Care 

Committee of St. Michael’s Hospital (Toronto, Canada).  Briefly, mice were 

intravenously injected with truncated mouse Slit2 (Slit2-N; 1.8 µg/mouse) or 

vehicle (0.9% NaCl) 2 h prior to intravital microscopy.  Mice were then 

intravenously injected with purified, donor-matched platelets labeled with calcein 

(1 µg/ml).  Mice were kept anesthetized with 2.5% tribromoethanol (0.015 mL/g 

body weight), and the mesentery vascular bed was exteriorized.  A single 

arteriole (∼100 µm diameter with a shear rate of ~1500s-1) was selected in each 

mouse. A section of arteriole of approximate diameter 2-5 mm was injured by 
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superfusion with 30 µL of 250 mM FeCl3 and thrombus formation was video-

recorded using a Zeiss Axiovert 135-inverted fluorescent microscope (Zeiss 

Oberkochen, Germany).  Thrombus formation and stability were assessed by 

measuring: (i) time to complete vessel occlusion (defined as the complete 

cessation of blood flow for >10 sec), (ii) the number of platelet emboli (>20 µm) 

that disappeared from the viewing field, and  (iii) the number of arterioles that re-

opened after complete vessel occlusion.  

For the carotid artery injury model, six week old-mice were anesthetized, 

the carotid artery was dissected and arterial injury was induced with a strip of 

Whatman filter paper saturated with 10% ferric chloride.  The blood flow was 

monitored with a miniature Doppler flow probe (TS420 transit-time perivascular 

flowmeter, Transonic Systems Inc.) and time to vessel occlusion was measured 

(defined as cessation of blood flow for at least 3 min). 

 

Statistical analysis 

One-way or two-way analysis of variance followed by Bonferonni’s (Figure 

2, Figure 4, Figure S2, Figure S3) or, if comparisons were against a reference 

group, Dunnett’s (Figure 5 and Figure S5) post-hoc testing was performed to 

compare group means in multiple comparisons. 
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Supplemental Figure 1.  Slit2 binds to Robo-1 on the surface of platelets.  
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Supplemental Figure 2. Effects of Slit2-N, RoboN and Slit∆D2 on platelet spreading 
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Supplemental Figure 3.  Slit2 specifically inhibits platelet adhesion to collagen under shear flow conditions.  
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SUPPLEMENTAL FIGURE LEGENDS 

Supplemental Figure 1.  Slit2 binds to Robo-1 on the surface of platelets. 

Washed platelets were incubated with His-tagged Slit2-N, RoboN, Slit∆D2, or 

Slit2-N together with RoboN.  Platelets were fixed and incubated with PE-

conjugated anti-CD41 antibody and Alexa Fluor 647-conjugated anti-His6 

antibody.  (A) Surface labeling of platelets in the absence of Slit2-N.  (B) Surface 

labeling of platelets after incubation with Slit2-N.  (C) Surface labeling of platelets 

after incubation with Slit2-N and RoboN at equimolar ratio.  (D) Surface labeling 

of platelets after incubation with Slit2-N and RoboN at 1:2 molar ratio.  (E) 

Surface labeling of platelets after incubation with RoboN (1x molar ratio).  (F) 

Surface labeling of platelets after incubation with RoboN (2x molar ratio).  (G) 

Surface labeling of platelets after incubation with Slit∆D2.  Representative 

images of one from five similar independent experiments are shown.  Numerical 

values indicate the percentage of cells with positive labeling.  (H) Experiments 

were performed as in (A) to (G).  Graph depicting the percentage of platelets 

demonstrating positive surface labeling, indicative of Slit2-N binding.  Data are 

expressed as mean ± SEM from 5 independent experiments.  *, p < 0.05.  (I) 

Unstimulated or ADP-stimulated washed platelets were incubated with or without 

His-tagged Slit2-N.  Platelets were fixed and incubated with PE-conjugated anti-

CD62P antibody and Alexa Fluor 647-conjugated anti-His6 antibody.  Histogram 

depicting the amount of Slit2-N binding.  (J) Experiments were performed as in 

(I).  Graph depicting the percentage of platelets demonstrating positive surface 
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labeling for Slit2-N.  Data are expressed as mean ± SEM from 3 independent 

experiments.  *, p < 0.05 

 

Supplemental Figure 2.  Effects of Slit2-N, RoboN, and SlitΔD2 on platelet 

spreading.  Washed human platelets (107/ml) were pre-incubated with Slit2-N 

(4.5 µg/ml), Slit∆D2 or an equal volume of PBS (control) for 10 min at 37oC.  

Equimolar concentrations of Slit2-N and RoboN were pre-incubated together 

prior to addition to washed platelets. Cells were dispensed onto coverslips pre-

coated with fibrinogen.  (A) Following the indicated treatments, platelets adherent 

to fibrinogen were fixed, permeabilized, incubated with Alexa Fluor 488-

conjugated phalloidin, and visualized using a Leica DMIRE2 spinning disc 

confocal microscope.  Scale bars represents 16 µm.  (B) Experiments were 

performed as in (A).  Images were acquired from 10 random fields and the 

surface area of platelets was quantified using VolocityTM software.  Data are 

expressed as mean ± SEM from 3 independent experiments. *, p < 0.05; **, p < 

0.01.  (C) Calcein-labeled platelets (5x10 7) were allowed to adhere to fibronectin-

coated wells of 96 well plates for 30 min.  The fluorescence intensity of the 

adherent platelets was measured using a plate reader and the intensity 

correlated to the cell number using a standard curve.  Data are expressed as 

mean ± SEM from 4 independent experiments.  *, p < 0.01.  

 

Supplemental Figure 3.  Slit2 specifically inhibits platelet adhesion to 

collagen under shear flow conditions.  (A) Washed human platelets (107/ml) 
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were incubated with calcein-AM (4 µM) for 20 min, washed, and incubated with 

Slit2-N, Slit∆D2 or an equal volume of PBS (control) for 10 min at 37oC.   

Platelets were perfused over collagen-coated BiofluxTM micro-fluidic channels at 

constant shear rates of 1000 sec-1 for 4 min.  Channels were washed with 

HEPES-Tyrode’s buffer for 4 min at the same shear rates and images acquired 

by fluorescence microscopy on a Nikon Eclipse Ti confocal microscope (15x).  

The width of the channel indicated by the dashed arrows is 350 µm.  Images are 

representative of 7-10 independent experiments.  (B) Platelet adhesion to 

collagen-coated micro-fluidic channels was quantified using BiofluxTM 200 

analytic software.  Data are expressed as mean ± SEM from 7-10 independent 

experiments.  *, p < 0.05 

 

Supplemental Figure 4.  Slit2 suppresses ADP-mediated platelet activation.  

Human platelet-rich plasma (PRP) was diluted with HEPES-Tyrode’s buffer to a 

cell density of 107/ml, and incubated with Slit2 (4.5 µg/ml) or an equal volume of 

PBS (control) for 10 min at 37oC.  Platelets were stimulated with ADP (10 µM) for 

1 min, fixed and incubated with PE-conjugated anti-CD62P antibody and FITC-

conjugated anti-CD41 antibody.  Flow cytometric analysis was performed using a 

Becton-Dickinson LSR II flow cytometer and FlowJo software.  (A) Resting 

platelets (control).  (B) Resting platelets incubated with Slit2.  (C) Platelets 

stimulated with ADP.  (D) Platelets pre-incubated with Slit2 prior to ADP 

stimulation.  Representative images of one from three similar independent 

experiments are shown.  Numerical values indicate percentage of platelets 
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positive for both surface CD62P and CD41.  (E) Graph depicting the percentage 

of CD62P-positive resting platelets (control), resting platelets incubated with 

Slit2, platelets activated with ADP, and platelets pre-treated with Slit2 prior to 

activation with ADP.  Data are expressed as mean ± SEM from 3-5 independent 

experiments.  *, p < 0.01; **, p < 0.0001. 

 

Supplemental Figure 5.  Slit2 prolongs bleeding time in vivo in C57BL/6 

mice.  C57BL/6  mice were intravenously injected with Slit2-N (1.8 µg/mouse), 

Slit∆D2, equimolar concentrations of Slit2-N and RoboN, or vehicle (0.9% NaCl).  

Two h later, 5 mm of the distal tail was transected and immediately immersed in 

pre-warmed saline.  (A) Bleeding times for mice from the indicated experimental 

groups. (B) Hemoglobin content of the blood lost from each mouse as 

determined by measuring absorbance at 575 nm.  Data are expressed as mean 

± SEM from 6-10 mice per treatment group.  *, p < 0.05. 

 

Supplemental Figure 6.  Slit2 does not inhibit platelet adhesion to von 

Willebrand factor (VWF) under shear flow conditions.  (A and B) Washed 

human platelets (3 x 107/ml) were incubated with calcein-AM (4 µM) for 20 min, 

washed, and incubated with Slit2 (B; 4.5 µg/ml) or an equal volume of PBS (A; 

control) for 10 min at 37o C.   Platelets were perfused over VWF-coated micro-

fluidic channels (BiofluxTM ) at constant shear rates of 1000 sec-1 for 4 min.  

Images were acquired at 20x on a Nikon TE2000 inverted microscope.  The 

width of the channel indicated by the dashed arrows is 350 µm.  Images are 
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representative of 3 independent experiments.  (C) Mean number of platelets ± 

SEM counted per 20x field from 3 independent experiments. 

 

Supplemental Figure 7.  Potential effects of Slit2/Robo-1 signaling on 

platelet activation.  The signaling induced by Slit2 binding to Robo-1 on the 

platelet surface is presumed to inhibit Akt signaling, which may, in turn, inhibit 

platelet activation.  Binding of ligands to platelet surface receptors activates 

Rac1, which, in turn, activates PI3K and Akt.  In this way, Slit2 may prevent Akt-

induced platelet adhesion and spreading without noticeable effects on Rac1 

activation.  PI3K, phosphatidylinositol 3-kinase 
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SUPPLEMENTAL VIDEO LEGENDS 

Supplemental Video 1.  Human platelets spread effectively on fibrinogen.  

Isolated human platelets (107/ml) were allowed to adhere to fibrinogen-coated 

glass coverslips in an Attafluor® cell chamber and placed on the heated stage of 

a Leica DMIRE2 deconvolution microscope at 100X magnification.  Images were 

acquired every 10 s for up to 30 min using VolocityTM software interfaced with a 

Hamamatsu C4242-95-12ERG camera.  Representative video from one of three 

separate experiments. 

 

Supplemental Video 2.  Slit2 inhibits spreading of human platelets on 

fibrinogen.  Experiments were performed as described in ‘Supplemental Video 

1’.  Platelets were pre-incubated with Slit2 (4.5 µg/ml) for 10 min, and cell 

spreading was monitored by time-lapse videomicroscopy.  Representative video 

from one of three separate experiments. 

 

Supplemental Video 3.  Human platelets form aggregates on collagen-

coated surfaces under shear flow.  Calcein labeled (4µM) washed human 

platelets (107/ml) were perfused over collagen-coated micro-fluidic channels at 

constant shear rates of 1900 sec-1 for 4 min.  Image acquisition was performed 

using the BiofluxTM 200 software on a 10X objective (with 1.5X magnification 

lens) of a Nikon Eclipse Ti inverted confocal microscope.  Images were acquired 

every 2 s for up to 4 min.  Representative video from one of three separate 

experiments. 
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Supplemental Video 4.  Slit2 inhibits adhesion of human platelets to 

collagen-coated surfaces under shear flow.   Platelets were incubated with 

Slit2 (4.5 µg/ml) for 10 min and experiments performed as in ‘Supplemental 

Video 3’.  Representative video from one of three separate experiments. 

 

Supplemental Video 5.  Slit2 impairs thrombus stability in vivo. 

C57BL/6 mice were intravenously injected with Slit2-N (1.8 µg/mouse) or vehicle 

(0.9% NaCl) 2 h prior to intravital microscopy.  Donor-matched calcein-labeled 

platelets were then injected into the mice and anesthetized.  The mesentery 

vascular bed was exteriorized and a section of the arteriole injured by FeCl3.   

Thrombus formation was videorecorded using a Zeiss Axiovert fluorescent 

microscope.  Representative video from one of seven separate experiments. 
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