
Supplementary Material

Aggregometry and Luminescence
Measurement of ATP Secretion

Aggregation was monitored using a Chrono-Log optical
aggregometer (Labmedics, Manchester, UK) at 37oC with
constant stirring at 1200 rpm. Secretion of ATP was mea-
sured using luciferin-luciferase Chrono-lume reagent
(Chrono-Log). NECA (1, 10 or 100 μM), indomethacin (10
μM), cangrelor (10 μM), or vehicle were added 60-120 sec
before collagen. The platelets were left for 5 minutes before
addition of ATP (2 nM) for calibration of ATP secretion.

Measurement of cAMP

Washed platelets were prepared at 8x108/ml. Cell lysates
were prepared from 300 μl sample of platelet suspensions.
NECA (100 μM), forskolin (10 μM), PGI2 (28 μM) or vehicle
were added 120 sec before collagen (10 μg/ml). The samples
were left for 5minutes at 37 °C before addition of lysis buffer
(supplied in the assay kit). After incubation for 10minutes at
room temperature, the samples were spun at 3000 g for
10 minutes and supernatants were collected and stored at
�20 °C. cAMP levels were measured using an ELISA cAMP
Direct Immunoassay Detection Kit (Abcam, ab138880)
according to the manufacturer’s specification and the 96-
well ELISA plate read on a Victor X3 microplate reader
(Perkin Elmer). Data analysiswas conducted using a standard
curve constructed from a serial dilution of working standard
samples to calculate cAMP levels.

Measurement of Thromboxane B2

Washed platelets were prepared at 4x108/ml. Samples were
prepared from 500 μl of platelet suspensions at 37oC with
stirring at 1200 rpm in a Born lumi-aggregometer. NECA (100
μM), forskolin (10 μM) or vehicle were added 60 sec before
collagen (10 μg/ml). The reaction was stopped after 5 min-
utes by the addition of indomethacin (50 μM) and EDTA (2
mM) and the cell debris removed by centrifugation. Samples
were diluted 1:1000 in modified-Tyrodes buffer prior to
testing. The TxB2 assay was performed using an assay kit
(Enzo Life Science (UK) Ltd, Exeter UK) according to the
manufacturer’s specification. The 96-well ELISA plate was
read on a VERSAmax tunable microplate reader (Molecular

Devices). Data analysiswas conducted using a standard curve
constructed from a serial dilution of working standard
samples to calculate TxB2 levels.

Measuring P-selectin Expression with Flow
Cytometry

Washed platelets were prepared at 4x108/ml. Samples were
prepared from 100 μl of platelet suspensions at 37oC. NECA
(100 μM), forskolin (10 μM) or vehicle were added 60 sec
before CRP (10 μg/ml). The samples were left for 5minutes at
37oC and then diluted 1:10 in PBS. To determine platelet P-
selectin expression, samples were incubated with a PE-
conjugated anti-human CD62P antibody (1:10) (BioLegend,
San Diego, CA, USA) or corresponding isotype-matched con-
trol (1:10) (BioLegend, San Diego, CA, USA) in a final volume
of 50 ul PBS. The sampleswere acquired and analysed byflow
cytometry in Accuri C6 flow cytometer (BD Biosciences,
USA). Platelet populations were gated on cell size using
forward scatter (FSC) vs side scatter (SSC) to distinguish
them from electronic noise. The light scatter and fluorescent
channel (FL2) were set to logarithmic gain and 10,000 events
per sample were analysed. Data expressed asMFI (a.u.) using
cSampler Software (BD Biosciences, USA).

Platelet lysis and protein phosphorylation
Whole cell lysates were prepared from 400 μl sample of
stirred platelet suspensions. Eptifibatide (9 μM)was added to
prevent aggregation. NECA or vehicle were added 60 sec
before collagen. The platelets were left for 5 minutes before
the addition of 5x SDS sample buffer (reducing conditions).
The samples were heat denatured at 100oC for 5minutes and
spun at 15000 g for 10 minutes. The whole cell lysate was
electrophoresed on 4-12% BisTris Plus acrylamide Bolt gels
(Invitrogen, Paisley, UK) and transferred onto PVDF mem-
branes using a Trans-blot Transfer Imaging system (Bio-Rad,
Hertfordshire, UK). Each gel included at least one lane of 10 μl
of Color Prestained Protein Standard (11–245 kDa; NEB,
Ipswich, Massachusetts, United States). Membranes were
blocked in 4% BSA (w/v) dissolved in TBST and 0.1% (w/v)
sodium azide for a minimum of 1 h at room temperature and
incubated overnight at 4oCwith anti-phosphotyrosine (clone
4G10; 1:1,000) , PLCγ2 (Tyr 1217; 1:250), Syk (Tyr 525/526;
1:500) and LAT (Tyr 200; 1:500) primary antibodies. Bands
were visualised as previously reported1. Quantification of
band intensities was performed using Image Studio Lite v5.2
where background correction was applied.
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Supplementary Fig. S1 The effect of different concentrations of NECA on collagen induced platelet aggregation. Platelet aggregation induced by
intermediate (10 μg/ml) and low (2 μg/ml) concentrations of collagen was monitored by light transmission aggregometry at 37oC with constant stirring at
1200 rpm. (A) The effect of NECA (1, 10 or 100 μM) on intermediate (10 μg/ml) and low (2 μg/ml) concentration collagen induced aggregation. (B)
Representative aggregation traces showing the effect of different concentrations of NECA on collagen induced platelet aggregation. Significance was
measured using one-way ANOVA with a Bonferroni post-hoc test where, P<0.05. Data presented as mean�SEM (n ¼ 6).
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Supplementary Fig. S2 The effect of NECA, indomethacin (Indo) or cangrelor (Cang) on collagen induced platelet aggregation and ATP
secretion. Platelet aggregation induced by an intermediate concentration (10 μg/ml) of collagen was monitored by light transmission
aggregometry at 37oC with constant stirring at 1200 rpm. Secretion of ATP was measured using luciferin-luciferase Chromo-lume reagent.
(A) The effect of NECA (100 μM), indomethacin (10 μM) and cangrelor (10 μM) in different combinations on collagen (10 μg/ml) induced
aggregation and ATP secretion. (B) Representative aggregation and secretion traces showing the effect of the inhibitors on intermediate
concentration (10 μg/ml) collagen induced platelet aggregation and ATP secretion. Significance was measured using one-way ANOVA with a
Bonferroni post-hoc test where, P<0.05. # indicates a significant statistical difference (P<0.05) from collagen alone. Data presented as
mean�SEM (n ¼ 6).
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Supplementary Fig. S3 NECA and forskolin increase cAMP levels, reduce TxB2 levels and reduce P-selectin expression. (A) The effect of NECA (100 μM),
forskolin (10 μM) and PGI2 (28 μM) on collagen induced (10 μg/ml) cAMP production estimated using an ELISA. NECA, forskolin, PGI2 or vehicle were added
120 sec before collagen and samples were left for 5minutes before addition of lysis buffer (n¼ 4). (B) The effect of NECA (100 μM) and forskolin (10 μM) on
CRP induced (10 μg/ml) platelet P-selectin expressionmeasured by flowcytometry using a PE-conjugated anti-humanCD62P antibody (1:10) and presented
asMFI (a.u.) (n¼ 3). (C) The effect ofNECA (100μM) and forskolin (10 μM)on collagen induced (10μg/ml) TxB2 production estimated using an ELISA. NECA,
forskolinor vehiclewereadded60secbefore collagenand sampleswere left for5minutesbeforeadditionof indomethacin (50μM)andEDTA (2mM)(n¼6).
Significance was measured using one-way ANOVA with a Bonferroni post-hoc test where, P<0.05. Data presented as mean�SEM.
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Supplementary Fig. S4NECA has no significant effect on collagen induced PLCγ2, Syk and LAT phosphorylation. (A) The effect of NECA (100 μM)
on collagen induced (2 μg/ml) phosphorylation of PLCγ2, Syk and LAT at pY1217, pY525/526 and pY200 sites respectively was investigated by
western blotting using phosphospecific antibodies. NECA or vehicle was added 60 sec before collagen. The platelets were left for 5 minutes
before addition of 5x SDS sample buffer (reducing conditions). (B) Quantification of band intensities. Data presented as mean�SEM (n ¼ 3).

Reference
1 Ilkan Z, Watson S, Watson SP, Mahaut-Smith MP. P2X1 receptors

amplify FcgammaRIIa-induced Ca2þ increases and functional
responses in human platelets. Thromb Haemost 2018;118(02):
369–380

Thrombosis and Haemostasis

cAMP Elevation and Collagen Signalling Clark et al.


