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Key Points

• The antiplatelet effects
of 12-HETrE in humans
and mice are partly de-
pendent on IP in vitro.

• The antithrombotic ef-
fects of 12-HETrE are
partially dependent on
IP in vivo in mice.

The dihomo-g-linolenic acid (DGLA)–derived metabolite of 12-lipoxygenase, 12-hydroxy-

eicosatrienoic acid (12-HETrE), was recently shown to potently inhibit thrombus formation

without prolonging bleeding in murine models. Although 12-HETrE was found to inhibit

platelet activation via the Gas signaling pathway, the Gas-coupled receptor by which

12-HETrE mediates its antiplatelet effects has yet to be identified. Defining the receptor by

which 12-HETrE exerts its effects is key to determining its therapeutic potential as an

antiplatelet drug. Therefore, the goal of this study was to determine the Gas-coupled platelet

receptor throughwhich 12-HETrE exerts its antiplatelet effects. In this study, we showed that

pharmacological inhibition of the prostacyclin (IP) receptor in human platelets or genetic

ablation of IP in murine platelets prevented 12-HETrE from blocking aggregation in vitro.

Furthermore, the antithrombotic effects of 12-HETrE were significantly diminished in IP

knockout mice in vivo. Together these data demonstrate that the antiplatelet effects of

12-HETrE are at least partially dependent on IP signaling. Importantly, this work

identified 12-HETrE as a novel regulator of IP signaling that may aid in the rationale for

design of novel therapeutics to inhibit platelet function. Additionally, this study provides

further insight into the mechanism by which DGLA supplementation inhibits platelets

function.

Introduction

The antiplatelet and antithrombotic effects of dihomo-g-linolenic acid (DGLA), an v-6 polyunsaturated
fatty acid, were recently shown to be dependent on platelet-type 12-lipoxygenase (12-LOX) and its
DGLA-derived oxylipin, 12(S)-hydroxyeicosatrienoic acid (12-HETrE).1 12-HETrE was shown to atten-
uate thrombus formation without disrupting hemostasis in murine models.1 As a potential therapeutic
intervention, it is important to understand the most proximal step in the 12-HETrE signaling pathway.
12-HETrE was found to activate the Gas subunit and exert its antiplatelet effects through adenylyl
cyclase, a Gas pathway component.1 Together these data suggest that 12-HETrE activates a
Gas-coupled platelet receptor; however, the receptor by which 12-HETrE elicits its antiplatelet effect
has yet to be identified.

This study sought to determine the Gas-coupled platelet receptor by which 12-HETrE inhibited platelet
activation. Human platelets express a number of Gas-coupled receptors, including 4 that are known to
be regulated by oxylipins: prostacyclin (prostaglandin I2 [PGI2]) receptor (IP), prostaglandin E2 (PGE2)
receptors (EP2 and EP4), and prostaglandin D2 (PGD2) receptor (DP1).

2 We demonstrated that
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pharmacological inhibition of IP, but not EP2, EP4, or DP1, in human
platelets reduced the antiaggregatory effects of 12-HETrE. Further-
more, the genetic ablation of IP in mice completely abolished the ability
of 12-HETrE to inhibit platelet aggregation in vitro and severely
reduced the antithrombotic effects of 12-HETrE in vivo. These data
suggest that 12-HETrE exerts its antiplatelet effects through IP. This
study provides further mechanistic support for a cardioprotective role
of DGLA and identifies a potential ligand of IP.

Methods

Reagents

The IP antagonist RO3244794 was kindly provided by Adam
Lauver (Michigan State University). The other prostanoid receptor
antagonists, MK 0524, TG4-155, and CJ-42794, were purchased
from Cayman Chemicals (Ann Arbor, MI). 12-HETrE was produced
as previously reported.1 All other chemicals were purchased from
Sigma Aldrich (St Louis, MO) unless otherwise specified.

Isolation of human platelets

The University of Michigan Institutional Review Board approved all
experiments involving human participants, and written informed
consent was obtained from self-reported healthy volunteers before
blood collection. Whole blood was collected via venipuncture into
vacutainers containing sodium citrate (3.2%; Becton, Dickinson
and Company, Franklin Lakes, NJ). Platelets were isolated from whole
blood via serial centrifugation, as previously reported.3 Briefly, platelet-
rich plasma acquired via centrifugation of whole blood at 200 g for 10
minutes was treated with acid citrate dextrose (2.5% sodium citrate
tribasic, 1.5% citric acid, 2.0% D-glucose) and apyrase (0.02 U/mL)
and then spun for 10 minutes at 2000g. Platelets were resuspended
to a final concentration of 3.0 3 108 platelets/mL in Tyrode’s buffer
(N-2-hydroxyethylpiperazine-N9-2-ethanesulfonic acid 10 mM, sodium
bicarbonate 12 mM, sodium chloride 127 mM, potassium chloride
5 mM, monosodium phosphate 0.5 mM, magnesium chloride 1 mM,
and glucose 5 mM) as determined by a complete blood cell counter
(Hemavet 950FS; Drew Scientific, Miami Lakes, FL).

Isolation of mouse platelets

Approval for all studies involving animals was obtained from the
University of Michigan Institutional Animal Care and Use Committee.
The wild-type (WT) C57BL/6 mice used for these studies were
purchased from Jackson Laboratory (Bar Harbor, ME), and the IP-
deficient (IP2/2) mice were kindly provided by Garret Fitzgerald
(University of Pennsylvania). Blood was drawn from the inferior
vena cava of 8- to 12-week-old anesthetized mice into a syringe
containing sodium citrate (3.8%). An equal volume of Tyrode’s buffer
was added to mouse whole blood, and platelets were isolated by serial
centrifugation, as described in previous paragraph. Pelleted mouse
platelets were resuspended in Tyrode’s buffer to 3.03108 platelets/mL.

Platelet aggregation

Platelet aggregation was performed under stirring conditions
(1100 rpm) at 37°C for 6 minutes using a Chrono-log Model 700D
lumi-aggregometer (Havertown, PA). Human platelets were in-
cubated with a prostanoid receptor antagonist for 2 minutes, then
treated with 12-HETrE for an additional 2.5 minutes before agonist
stimulation with PAR4-activating peptide (PAR4-AP; AYPGKF; GL
Biochem, Shanghai, China), collagen (Chrono-log), or U46619
(Cayman Chemicals). Platelets isolated from WT or IP2/2 mice were

treated with 12-HETrE for 2.5 minutes before PAR4-AP stimulation.
The concentrations of antagonist, 12-HETrE, and PAR4-AP used for
each experiment are reported where appropriate.

VASP phosphorylation

Platelets were incubated with 12-LOX oxylipins, forskolin (5 mM), or
dimethyl sulfoxide (DMSO) for 2.5 minutes at 37°C, and reactions
were stopped by the addition of 5X Laemmli sample buffer (Tris-Cl
300 mM; pH, 6.8; 10% sodium dodecyl sulfate, 50% glycerol, 25%
b-mercaptoethanol, 0.05% bromophenol blue). Platelet lysates
were run on a 10% sodium dodecyl sulfate–polyacrylamide gel
electrophoresis, and western blots were performed with antibodies
to phosphorylated serine 157 and total vasodilator-stimulated
phosphoprotein (VASP) (Enzolife sciences, Farmingdale, NY).

Laser-induced cremaster arteriole thrombosis model

The laser-induced cremaster arteriole thrombosis model was per-
formed as previously described.1,4 Briefly, the cremaster muscle of
anesthetized WT or IP2/2 mice (8-12 weeks of age) was prepared
under a dissecting microscope with constant superfusion of 37°C
bicarbonate-buffered saline. Antiplatelet (DyLight 488 anti-GPIb 1mg/g;
Emfret, Eibelstadt, Germany) and antifibrin (Alexa Fluor 647 0.3 mg/g;
a gift from Rodney Camire at Children’s Hospital of Philadelphia)
antibodies were administered simultaneously with either 12-HETrE
(6 mg/kg) emulsified in a formulation of 5% DMSO and 45% PEG300
in phosphate-buffered saline (PBS) or vehicle (5% DMSO and 45%
PEG300) via jugular vein catheter into mice 10 minutes before
induction of laser-induced injury of the cremaster arterioles (30-50 mm
diameter) by a laser ablation system (Ablate! photo-ablation system;
Intelligent Imaging Innovations, Denver, CO). Multiple laser injuries were
performed in eachmouse, with each new injury induced upstream of all
prior injuries. Images of thrombus formation were taken at .2-s intervals
using a Zeiss Axio Examiner Z1 fluorescent microscope with a 363
objective and a high-speed sCMOS camera. Images were analyzed
using Slidebook 6.0 (Intelligent Imaging Innovations).

FeCl3-induced carotid artery thrombosis model

Gel-filtered platelets were isolated from genotype-matched donor
mice using a Sepharose 2B chromatography column and fluores-
cently labeled with calcein acetoxymethyl (1 mg/mL). Fluorescence-
labeled platelets (3 3 106 platelets per gram) were injected into the
tail vein of recipient mice (8-10 weeks old). Recipient mice were
anesthetized, and the right common carotid artery was exposed. After
surgery, 12-HETrE (6 mg/kg) emulsified in a formulation of 5%DMSO
and 45% PEG300 in PBS or vehicle (5% DMSO and 45% PEG300
in PBS) was injected via jugular vein catheter. Ferric chloride
(FeCl3)–induced thrombus formation was initiated by the topical
application of Whatman filter paper saturated with a 10% FeCl3
solution to the carotid artery for 2 minutes. The carotid artery was
continuously recorded under 53 objective with a Zeiss Axio
Examiner Z1 fluorescent microscope beginning 1 minute before
induction of FeCl3 injury until vessel occlusion was reached or the
recording was terminated at 30 minutes postinjury. All the images
were recorded and analyzed using Slidebook 6.0 program.

Statistical analysis

Data analysis was performed with GraphPad Prism 7 software (Graph-
Pad Software, La Jolla, CA). Data are reported as means 6 standard
deviations, and statistical tests used for individual experiments are listed in
figure legends where appropriate.
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Results

Antiplatelet effects of 12-HETrE are partially

dependent on IP in human platelets

Our laboratory recently showed that 12-HETrE inhibits platelet
activation via an unidentified Gas-coupled receptor.1 Human
platelets express 4 known Gas-coupled receptors that are activated

by oxylipins, including IP, EP2, EP4, and DP1.
2 To determine if 12-

HETrE signals via a known oxylipin-activated Gas-coupled platelet
receptor, washed human platelets were incubated with various
receptor antagonists in the presence or absence of 12-HETrE.
Platelets were then stimulated with EC100 levels of PAR4-AP,
resulting in full aggregation in DMSO-treated (vehicle) treated
platelets. Because platelet aggregation varies among individuals,5-7

0

0

20

40

60

80

100

Control
RO3244794

p< .001

5 10 15 20 25

12-HETrE (µM)

Ag
gr

eg
at

ion
 (%

)

Con
tro

l

RO32447
94

0

20

40

60

80

100

PGI2

***

Ag
gr

eg
at

ion
 (%

)

0

0 1 2 3 4 5

20

40

60

80

100 Antagonist
+ DMSO
Antagonist

+ 12-HETrE

Control
+ 12-HETrE

PAR4-AP

IP Receptor Antagonist

EP2/EP4 Receptor Antagonists

DP1 Receptor Antagonists

Ag
gr

eg
at

ion
 (%

)

Time (min)

A

0

0

20

40

60

80

100 Control
TG4-155
CJ-42794

5 10 15 20 25

12-HETrE (µM)

Ag
gr

eg
at

ion
 (%

)

Con
tro

l

TG
 +

 C
J

0

20

40

60

80

100

PGE2

**
*

Ag
gr

eg
at

ion
 (%

)

0

0 1 2 3 4 5

20

40

60

80

100

Antagonist
+ DMSO

Antagonist
+ 12-HETrE

Control
+ 12-HETrE

PAR4-AP

Ag
gr

eg
at

ion
 (%

)

Time (min)

B

0

0

20

40

60

80

100 Control
MK 0524

5 10 15 20 25

12-HETrE (µM)

Ag
gr

eg
at

ion
 (%

)

Con
tro

l

M
K 0

524
0

20

40

60

80

100

PGD2

***

Ag
gr

eg
at

ion
 (%

)

0

0 1 2 3 4 5

20

40

60

80

100
Antagonist
+ DMSO

Antagonist
+ 12-HETrE

Control
+ 12-HETrE

PAR4-AP

Ag
gr

eg
at

ion
 (%

)

Time (min)

C

Figure 1. Inhibition of IP in human platelets diminishes 12-HETrE antiplatelet effects PAR4-mediated platelet aggregation. The minimal concentration of

PAR4-AP (25-50 mM) inducing full platelet aggregation (.70%) in DMSO-treated human platelets was used to stimulate platelets incubated with increasing concentrations of

12-HETrE (5-25 mM) in the presence of a vehicle control or an antagonist to IP (R03244794; 250 nM; n5 3-6) (A), EP2 (TG4-155; 2 mM) and EP4 (CJ-42794; 80 nM) (n5 5) (B),

or DP1 (MK 0524; .4 nM; n 5 5) (C). Two-way statistical analysis of variance was performed. Known antiplatelet prostanoid receptor agonists PGI2 (4 nM), PGE2 (20 mM),

and PGD2 (30 nM) were used to confirm the efficacy of R03244794, TG4-155/CJ-42794, or MK 052480, respectively. Two-tailed, paired t test was performed; *P, .05, **P, .01,

***P , .001. Data represent mean 6 standard deviation.

1126 TOURDOT et al 27 JUNE 2017 x VOLUME 1, NUMBER 15



100

Ag
gr

eg
at

ion
 (%

)

Time (min)

80

60

40

20

0

0 1 2 3 4 5

Control
10 M

20 M

20 M

10 M

100

ETOH
RO3244794

80

60

40

20

0

Control

12-HETrE

10 M 20 M

Ag
gr

eg
at

ion
 (%

)

U46619 (100 nM)A

Control

50 kDa-

012-HETrE (M): 10 20 0 10 20

37 kDa-

RO3244794 55

***

•••

•••

•••

•••

•••

•

4

3

2

1

0

12-HETrE

10 MDMSO 20 M
VA

SP
 p

ho
sp

ho
ry

lat
ion

(fo
ld 

ch
an

ge
)

control
RO3244794

**

**

***

*

***
C

DMS
PG

D 2

PG
E 2

PG
I 2

DMSO

PG
D 2

PG
E 2

PG
I 2

Control

50 kDa-

37 kDa-

RO3244794

DMSO PGD2 PGE2 PGI2

Control
RO

10
**

8

6

4

2

0

VA
SP

 p
ho

sp
ho

ry
lat

ion
(fo

ld 
ch

an
ge

)

D

100

Ag
gr

eg
at

ion
 (%

)

Time (min)

80

60

40

20

0

0 1 2 3 4 5

Control
10 M

20 M

20 M
10 M

100

80

60

40

20

0

Control

12-HETrE

10 M 20 M

Ag
gr

eg
at

ion
 (%

)

B Collagen (1 g/mL)

E

100

PAR4-AP 75 M

DMSO

12-HETrE

Ag
gr

eg
at

ion
 (%

)

Time (min)

80

60

40

20

0

0 1 2 3 4 5 12-HETrE (10 M)

100

***

80

60

40

20

0

Ag
gr

eg
at

ion
 (%

)

DMSO

Aspirin treated platelets

Figure 2. 12-HETrE is partially dependent on IP

to inhibit human platelet activation.

RO3244794- (250 nM) or vehicle control–treated

human platelets were incubated with 12-HETrE (10

or 20 mM) or DMSO and then stimulated with

U46619, the thromboxane mimetic (A), or collagen

(B). One-way statistical analysis of variance with

Dunn’s multiple comparison post-test was per-

formed. Asterisks denote statistical differences

between control- and RO3244794-treated groups:

*P , .05, **P , .01, ***P , .001. Circles denote

statistical differences between 12-HETrE–treated

platelets and controls: •P , .05, ••P , .01,

•••P , .001. (C) Human platelets were treated

with DMSO, forskolin (5 mM), or 12-HETrE (10 or

25 mM) for 2.5 minutes and lysed, separated on a

sodium dodecyl sulfate–polyacrylamide gel electro-

phoresis, and immunoblotted with antibodies spe-

cific for phosphorylated (pS157; green) and total

(red) VASP. The amount of phosphorylated VASP

was normalized to the amount of total VASP in each

sample, and data are reported as fold change in

VASP phosphorylation relative to the DMSO treated

sample. (D) VASP phosphorylation was measured

by western blot using the lysates of human platelets

incubated with RO3244794 or vehicle control and

then treated with PGI2 (4 nM), PGE2 (20 mM), or

PGD2 (30 nM). (E) Human platelets pretreated with

aspirin were stimulated with PAR4-AP (75 mM) in

the presence of 12-HETrE (10 mM) or vehicle

control. Data represent mean 6 standard deviation.

One-way statistical analysis of variance with Dunn’s

multiple comparison post-test was performed.

*P , .05, **P , .01, ***P , .001. ETOH, ethanol.
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the concentration of PAR4-AP required to elicit full platelet aggrega-
tion ranged from 25 to 50 mM. Treatment with the IP antagonist
RO3244794 (250 nM) fully blocked the antiaggregatory effects of
12-HETrE at all concentrations of 12-HETrE tested (5-20 mM;
Figure 1A). In contrast, 12-HETrE inhibition of platelet activation
persisted in the presence of both EP2 (TG4-155; 2 mM) and EP4

(CJ-42794; 80 nM) antagonists as well as the DP1 antagonist (MK
0524; .4 nM; Figure 1B-C). As expected, the pharmacological
inhibitors of IP, EP2/EP4, and DP1 completely reversed the antiplatelet
effects of their cognate ligands, PGI2 (4 nM), PGE2 (20 mM), and
PGD2 (30 nM), respectively.

12-HETrE has been shown to inhibit platelet aggregation in response
to all agonists tested, including collagen and U46619, the thrombox-
ane mimetic.1,8 To assess if 12-HETrE inhibited platelet aggregation
induced by agonists other than PAR4-AP in an IP-dependent manner,
RO3244794- (250 nM) or vehicle control–treated platelets were
incubated with 12-HETrE and then stimulated with collagen or
U46619. Treatment of platelets with RO3244794 reversed the
inhibitor effects of 10 or 20 mM of 12-HETrE on U46619-mediated
platelet aggregation (Figure 2A). In response to collagen stimulation,
the antiaggregatory properties of 12-HETrE were fully reversed at
10 mM of 12-HETrE but only partially reversed at 20 mM of 12-HETrE
(Figure 2B). To evaluate whether IP was required for 12-HETrE
to induce Gas signaling, VASP (S157) phosphorylation, the major
substrate of PKA, was measured in platelets treated with 12-HETrE
(10 or 20 mM) in the presence or absence of RO3244794. Relative to
DMSO, 12-HETrE induced VASP phosphorylation in control-treated
platelets but not in RO3244794-treated platelets (Figure 2C). To
determine if RO3244794 selectively inhibited Gas signaling in response
to IP stimulation, platelets were incubated with RO3244794 and then
treated with PGI2, a known IP agonist, or ligands to either EP2 or DP1,
PGE2 or PGD2, respectively. As expected, PGE2 (20 mM) or PGD2

(30 nM) caused robust VASP phosphorylation in either vehicle control–
or RO3244794-treated platelets (Figure 2D). PGI2 was capable of
eliciting VASP phosphorylation in control-treated platelets but not in
platelets treated with RO3244794. To determine whether 12-HETrE
functions independently of endogenous IP agonists such as the
COX metabolites, PGI2 and PGE1, the ability of 12-HETrE to inhibit
PAR4-mediated aggregation in platelets treated with aspirin, a
COX inhibitor, was assessed. In platelets pretreated with aspirin,
12-HETrE inhibited PAR4-medated aggregation compared with
DMSO (Figure 2E).

IP is required for 12-HETrE to inhibit the activation of

mouse platelets

Because of potential off-target effects of pharmacological inhibi-
tors, we chose to further evaluate the requirement of IP in the
antiplatelet functions of 12-HETrE using platelets from IP2/2 mice.
Platelets from WT mice treated with 12-HETrE before stimulation
with either 25 or 50 mM of PAR4-AP had a significant decrease in
platelet aggregation compared with platelets treated with vehicle
(Figure 3A). Consistent with pharmacological inhibition of IP in
human platelets, 12-HETrE was unable to inhibit PAR4-mediated
aggregation in platelets from IP2/2 mice (Figure 3A).

To determine if IP was required for 12-HETrE–induced Gas signaling,
platelets from WT or IP2/2 mice were treated with 12-HETrE, and
VASP (S157) phosphorylation was assessed by western blot as a
surrogate for PKA activation. As expected, 12-HETrE was able to elicit

robust VASP (S157) phosphorylation in platelets from WT but
not IP2/2mice compared with vehicle (Figure 3B). Forskolin (5 mM), a
direct adenylyl cyclase activator, elicited VASP phosphorylation in
platelets from WT and IP2/2 mice, suggesting that cyclic adeno-
sine monophosphate formation was not disrupted downstream
of adenylyl cyclase in IP2/2 mice. As expected, there was no
increase in VASP phosphorylation compared with vehicle control
in platelets treated with 12-HETE, a 12-LOX–derived proaggre-
gatory oxylipin (Figure 3B). Using a genetic approach, these data
further support that IP is required for 12-HETrE to induce Gas

signaling in platelets.

Antithrombotic effects of 12-HETrE are at least in part

dependent on IP expression in platelets

To determine if the previously reported in vivo antithrombotic effects
of 12-HETrE were dependent on IP, WT and IP2/2 mice were IV
injected with 12-HETrE before a laser-induced injury at the inner
face of the cremaster muscle arteriole wall. Consistent with previous
work,1 WT mice treated with 12-HETrE had a significant reduction
in thrombus formation as measured by both platelet accumulation
and fibrin deposition compared with control mice (Figure 4;
supplemental Videos 1 and 2). Similar to previous studies,9 IP2/2

mice exhibited an increase in thrombus size and delayed resolution
compared with WT mice (Figure 4). 12-HETrE–treated IP2/2 mice
had a reduction in platelet accumulation, but not fibrin deposition,
compared with vehicle-treated IP2/2 mice after laser injury; however,
the ability of 12-HETrE to reduce platelet accumulation was signif-
icantly reduced in IP2/2 mice (;50% reduction) compared with
WTmice (;90% reduction) (Figure 4; supplemental Videos 3 and 4).
The ability of 12-HETrE to partially inhibit platelet accumulation in
vivo supports a requisite role for IP in 12-HETrE–mediated signaling in
platelets.

To determine if 12-HETrE impedes occlusive thrombus formation in
large vessels in an IP-dependent manner, an FeCl3-induced carotid
artery injury model of thrombosis was used. WT mice treated with
12-HETrE had an increased time to vessel occlusion in response to
FeCl3-induced injury of the carotid artery compared with WT mice
treated with control (DMSO and PEG300; Figure 4B). The time to
vessel occlusion in IP2/2 mice treated with either 12-HETrE or
vehicle control was similar in response to FeCl3-induced injury of
the carotid artery (Figure 4B). These data suggest that 12-HETrE
prevents FeCl3-induced vessel occlusion of the carotid artery in an
IP-dependent manner.

Discussion

12-HETrE, the 12-LOX–derived metabolite of DGLA, was recently
demonstrated to inhibit platelet activation through a yet-to-be
identified Gas-coupled platelet receptor.1 The goal of this study
was to determine if 12-HETrE inhibited platelet activation through
a known lipid-activated Gas-coupled platelet receptor. We demon-
strate that inhibition of IP, a known lipid-activated Gas-coupled
platelet receptor, either pharmacologically or genetically reduced
the antiaggregatory effects of 12-HETrE in vitro and that 12-HETrE
was less potent at inhibiting thrombus formation in IP2/2 mice
compared with WT mice in vivo. Together these data establish a
role for IP in mediating the antiplatelet and antithrombotic effects of
12-HETrE.
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This study is the first to identify a platelet G protein–coupled receptor
(GPCR) that is regulated by a 12-LOX–derived oxylipin. This finding is
consistent with previous reports demonstrating that the 12-LOX–

derived oxylipin of AA, 12-HETE, binds the orphan GPCR GPR31 in
cancer cells.10-12 GPR31 has not yet been shown to be expressed on
platelets, and on the basis of the data presented here (Figure 1), it is
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Figure 3. IP is required for 12-HETrE to inhibit mouse platelet activation. (A) Platelets isolated from WT (black bars) or IP2/2 (red bars) mice (n 5 4-5) were stimulated

with 25 or 50 mM of PAR4-AP in the presence of DMSO or 12-HETrE (10 or 25 mM). Two-tailed paired t test; ***P , .001. (B) The lysate of platelets from WT or IP2/2 mice that

had been treated with DMSO, forskolin (Forsk; 5 mM), 12-HETE (HETE; 25 mM), or 12-HETrE for 2.5 minutes were separated on sodium dodecyl sulfate–polyacrylamide gel

electrophoresis and immunoblotted with antibodies specific for phosphorylated (pS157; green) and total (red) VASP. The amount of phosphorylated VASP was normalized to the

amount of total VASP in each sample, and data are reported as fold change in VASP phosphorylation relative to DMSO-treated sample. One-way statistical analysis of variance with

Dunn’s multiple comparison post-test was performed comparing DMSO with each condition. *P , .05, **P , .01, ***P , .001. Data represent mean 6 standard deviation.
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unlikely that 12-HETE and 12-HETrE signal through the same
receptor, because 12-HETE was unable to elicit VASP signaling in
platelets.

The inhibitory effects of 12-HETrE at 10 mM were fully reversed by
RO3244794, an IP antagonist, in response to platelet stimulation
with the minimal concentration of PAR4-AP, collagen, or U46619
required to cause full platelet aggregation. The antiplatelet functions
of higher concentrations of 12-HETrE (20 mM) were fully reversed
by RO3244794 in PAR4-stimulated platelets (Figure 1), but only
partially reversed by RO3244794 in response to U46619 or collagen
stimulation (Figure 2A-B). One explanation for the observed agonist-
dependent effects may be the enhanced potency by which 12-HETrE
has been shown to inhibit collagen- and U46619-mediated platelet
activation compared with PAR4-mediated platelet activation. Inter-
estingly, the IP antagonist fully blocked the phosphorylation of VASP
on serine 157 in response to 12-HETrE (20 mM), suggesting the
inhibitory effect of 12-HETrE observed at this concentration was not
a result of stimulation of another Gas-coupled platelet receptor.

However, we have not excluded that the inhibition of IP may indirectly
antagonize another receptor or signaling pathway. The mechanism by
which 12-HETrE exerts its residual non–IP-dependent inhibition of
platelet function at higher concentrations remains an active area of
research in our laboratory.

Similar to the antiplatelet effects of 12-HETrE, the dependence of the
antithrombotic effects of 12-HETrE on IP was stimulus dependent. In
the FeCl3-induced carotid artery injury model of thrombosis, IP was
required for 12-HETrE to prolong the time to vessel occlusion
(Figure 4B), whereas the antithrombotic effects of 12-HETrE were
only partially dependent on IP in the laser-induced injury model
of thrombosis in the cremaster muscle arteriole (Figure 4A). The
discrepancy between these 2 models of thrombosis could be as
result of the difference in severity of vessel injury or the size of vessel.

This study provides further understanding of the antiplatelet and
antithrombotic effects of DGLA. The identification of this stable
oxylipin for inhibitory regulation of platelet function through IP and
possibly other Gas-coupled GPCRs will allow for future studies to
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Figure 4. Antithrombotic effects of 12-HETrE are partly dependent on IP. (A) Representative images of platelet (anti-GPIb; green) and fibrin (antifibrin; red) accumulation

at the indicated times after laser-induced injury of cremaster muscle arteriole in WT mice treated with vehicle (n5 3; 23 thrombi) or 12-HETrE (6 mg/kg; n5 3; 24 thrombi) or IP2/2

mice treated IV with vehicle control (n 5 3; 21 thrombi) or 12-HETrE (6 mg/kg; n 5 3; 24 thrombi). Thrombus growth was quantified in real time after laser-induced injury of

the cremaster muscle arterioles of WT or IP2/2 mice by measuring the mean fluorescence intensity (MFI) of platelet and fibrin accumulation. Laser-induced injury and subsequent

imaging were acquired using a 3I intravital microscopy system on a Zeiss Examiner at 363 magnification. Two-way analysis of variance. Data represent mean 6 standard

deviation (SD). (B) The time to vessel occlusion after FeCl3-induced injury of the carotid artery was measured inWT and IP2/2mice treated with either control (DMSO and PEG300)

or 12-HETrE. Two-tailed paired t test was performed; **P , .01. Data represent mean 6 SD.
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determine the potential therapeutic implications of 12-HETrE or
analogs derived from 12-HETrE to be developed as a new approach
for antithrombotic therapeutics.
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